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Resumo: Os teledsteos neotropicais possuem complexa organizagdo branquial associada a variadas funcées,
das quais as mais importantes sdo: respiragdo e osmorregulacdo. Ha varios tipos de células envolvidas nessas
funcgdes, mas o alvo principal deste estudo sdo as células neuroepiteliais (NECs), paraneurdnios caracterizados
pela capacidade de sintetizar e armazenar indolaminas em vesiculas granulares cromafins. O objetivo
desta pesquisa foi verificar a ocorréncia de NECs nas branquias de guaru (Poecilia vivipara) por meio de
metodologia histoquimica usando o método de Lars Grimelius (método LG) e microscopia eletronica de
transmissao convencional (MET). Observou-se NECs na regido interlamelar, dispostas em grupos ou
isoladamente na metade distal do filamento, as quais possuem grande quantidade de gréanulos marrom-
escuros reativos a técnica de LG. Usando-se cortes seqlienciais, detectou-se células com granulos
eletrodensos posicionadas nas proximidades de vasos sangliineos, as quais emitiam prolongamentos
em varias direcOes, evidenciando grande atividade celular. Isto leva a supor que estas células agem na
regulagdo das fungdes branquiais, provavelmente na osmorregulacdo, por meio da sintese e secrecdo de
mensageiros quimicos. Estes resultados confirmam a presenga de NECs em branquias de guaru e podem
auxiliar a estabelecer estes animais como modelo bioldgico para aprimorar estudos destes tipos celulares.

PaLAavRAS-cHAVE: branquia, células neuroepiteliais, guaru, histoquimica, microscopia eletrénica de
transmissao.

ABssTrAcT: Neotropical teleosts gill show complex organization performing two functions: respiration and
osmoregulation. There are several cell types involved in gill epithelial functions, and the target of this study
is neuroepithelial cells (NECs), a kind of paraneuronal cell characterized by the ability of synthesizing and
storing indolamines in chromaffin granular vesicles. The goal of this study was to verify the presence of
NECs in guppy (Poecilia vivipara) gills determined by histochemistry using Lars Grimelius method (LG
method) and transmission electron microscopy (TEM) techniques. It was possible to observe NECs in the
interlamellar region, either in clusters or isolated on the distal half of the filament, presenting a great
amount of dark-brown granules, reactive to LG method. Using sections obtained in microtome, cells
with electrodense granules were detected near blood vessels, emitting processes in several directions,
evidencing high cellular activity. This fact leads to the hypothesis that these cells act in the regulation
of gill functions, probably in the osmoregulation through the synthesis and secretion of chemical
messengers. The results confirm the presence of NECs in guppy gills and can be of interest for researchers
to utilize this fish species as a potential biological model to refine the study of these type of cells.
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INTRODUCTION

Fish gills are structures as sophisti-
cated as the lungs of tetrapods and consist of a
complex arrangement of several epithelial cells
vascularized by different circulatory circuits.
Gills perform two main functions: respiration
and osmoregulation. These are important physi-
ological processes and the modulation of the
epithelial function is controlled by hormones
and neural factors (Zaccone et al., 1995). The
fish gill epithelium is characterized by the pres-
ence of four cell types: pavement cells (PVCs),
mitochondrion-rich cells (MRCs), mucous cells
(MCs) and accessory cells (ACs) (Evans et al,,
1999). In the last group, there are the paraneu-
rons, the purpose of this study.

PVCs constitute more than 80% of the
filament and lamella epithelium. MRCs and
MCs represent approximately 10% and 2% of the
total number of gill cells, respectively (Leguen
etal., 2001). Many other cell types, representing
a small percentage of gill cells, have also been
identified: endothelial cells, termed pillar cells
(Olson, 1991), neuroepithelial cells (NECs) (Du-
nel-Erb et al., 1982), and undifferentiated cells.

According to Kanno (1998), para-neurons
are endocrine and sensory cells that share struc-
tural, functional, and metabolic charac-teristics
with neurons and produce substances identical
or related to neurotransmitters or neurohor-
mones, which are synthesized and secreted by
regulated secretion. They are receptoconducti-
le-secretory cells and this function is shared by
specific proteins dis-tributed at proper regions
of cell membrane.

Fujita & Kobayashi (1988), on the other
hand, affirm that paraneurons are recepto-secre-
tory cells storing substances, such as bioactive
peptides, amines or other classic messengers,
adenine nucleotides and acidic carrier proteins,
including chromogranins. These cells have been
located in epithelia and are bipolar due to the
fact that they receive information from the exter-
nal environment and transduce it into chemical
messengers, which are released locally by the
basal part of the cell.

In some cases, regulatory peptides associ-
ated with mammalian skin and lung present a
similar chemical structure and anatomical loca-
tion to the equivalent neu-roendocrine paraneu-
ronal cells of fishes (Zaccone et al., 1994). The

NECs of the fish gill filament are chromaffin
cells and they are also a type of paraneuron.

Dunel-Erb et al. (1982) affirmed that
formaldehydeinduced fluorescence revealing
numerous serotonin-containing cells within the
primary epithelium of the fish gill. These cells
are isolated or clustered and are supported by
the epithelial basal lamina.

Formaldehyde is a chemical reagent that
links and recognizes biogenic amines, specially
indolamine 5-hidroxytriptamine or serotonin,
and locates these cell contents in a reaction that
is fluorescent and easily detected through dark-
field microscopy (Bancroft & Stevens, 1982).
This method is frequently used to study their
frequency and presence in respiratory system of
vertebrates and is important to detect isolated
and clustered cells near conjunctive tissues,
but protected by basal lamina in fish gills and
amphibian lungs (Goniakowska-Witalinska et
al., 1995; Goniakowska-Witalinska, 1997). The
importance of the detection of this cell type
with serotonin content in fish is reported in
studies that have shown imbalances in serotonin
levels triggering depression in humans. In fish,
other cells present granules that are very rich in
encephalins, probably with regulatory functions
(Zaccone et al., 1994). Besides this, the roles of
endothelins in the gill also need further inves-
tigation based on the multifunctional organiza-
tion of this organ (Zaccone et al., 1996).

Others methods for detection of NECs
have been proposed to study the distribution
of substrate metabolites (Carlsson & Part, 2001)
and to understand the stimulation and re-gula-
tion of vascular activities in gills (Calabré et al.,
2005). These studies are important to under-
stand the functional activities of the respiratory
system of various fish species that survive in a
variety of habitats with different environmental
pressures.

Numerous single NECs can also be ob-
served in the proximal half of the filaments of
Perca, Micropterus, Ictalurus, Oncorhynchus, and
Acipenser (Bailly et al., 1992). Most of the labeled
NECs are isolated cells, but clustered cells are
also present in the teleosts. Depending on the
species, the NECs emit more or fewer processes
in all directions, especially towards the basal
lamina of the filament epithelium (Bailly et
al., 1992). NECs are present in the gill filament
epithelium of teleosts (Dunel-Erb et al., 1982)



and non-teleosts, such as Scyliorhinus canicula
(Laurent, 1984) and Ancipenser baeri (Bailly et
al., 1989).

The aim of the present work was to identi-
fy the presence of paraneurons in gills of guppy,
a euryaline teleost, using histochemical and
transmission electron microscopy methods.

MATERIALS AND METHODS
Experimental models

This study was performed on the gills
of teleost neotropical species guppy (Poecilia
vivipara, Steindachner, 1863), collected in sea-
water with salinity of 20 ppm and exposed to
freshwater. All the fish were fed with commer-
cial fish food, kept in tanks with freshwater
at pH 6.9 at room temperature, and their be-
havior was observed during the experimental
exposi-tion.

Procedures to light-field microscopy

Five fish gills, dissecation of five fish,
were analyzed through Light-field Microscopy
(LM) using the Lars Grimelius method (LG
method) (Grimelius, 1968). The samples were
fixed in aqueous Bouin’s solution and washed
in tap water. Then, the gills were dehydrated in
increasing concentrations of ethanol with this
routine procedure, and the branchial leaflets
were included in paraffin, and subsequenthy
5-mm-thick slices were obtained. The slices
were stained using the LG method in an at-
tempt to detect chromaffin cells rich in dark-
brown stained granuli. The LG method, used
for argyrophilic cells, consists of removing
the paraffin from the samples and hydrating
them. After this, the samples were immersed
in 0.030% silver nitrate (dissolved in distilled
water) at 60°C for 2 hours, and 1% of hydro-
quinone + 5% sodium sulfite (1:1) for 1 minute.
Then, the samples were washed three times in
distilled water and submitted to a solution of
1.5% sodium tiosulphate for 2 minutes. Finally,
the material was dehydrated, the slices were
exposed to Entelan and photographed using
an Olympus B 071 photomicroscope.

Procedures for transmission electron mi-
croscopy

Five fish gills were fixed in a modified
Karnovsky fixing solution and post-fixed in

aqueous 2% osmiun tetroxide, dehydrated in in-
creasing concentrations of ethanol and acetone,
and embedded in Spurr’s resin. Semithin sec-
tions were collected in glass slices and stained
with toluidine blue. Sections -70 nm- thick,
obtained using Sorval-MT2 ultra-microtome,
were collected, stained with uranyl acetate and
lead citrate, and analyzed with a Zeiss EM9S-2
transmission electron microscope.

REsuLTs

A kind of argyrophilic cell, called NEC,
was demonstrated through the LG method.
These cells are located at the gill filament
epithelium and presented a lot of dark brown
granuli, showing a positive reaction to the LG
method (Figs. 1 and 2). Argyrophilic cells were
also detected in the distal region of branchial
filaments in the gills presenting distribution in
small isolated clusters.

These data were hystochemically ob-
tained using the LG method and showed pos-
sibilities to characterize and identify the NECs
through transmission electron mi-croscopy
(TEM). Using the location of argyrophilic cells,
it was possible to detect cells with electrodense
granules, similar to vesicles and to observe
that the vesicles showed low electrodensity
and revealed various sizes and shapes ranging
from spherical to ovoid, maybe according to
maturity. These cells were close to the blood
vessels (Fig. 3).

The NECs send processes in various di-
rections, specially towards the basal lamina of
the filament epithelium (Fig. 4). The main featu-
res of argentafin cells were a large nucleus with
patches of condensed chro-matin, numerous
mitochondria, a well developed Golgi appara-
tus and a few dense core vesicles of various size
scattered in the cytoplasm (Fig. 4).

DiscussionN

The data obtained in this study demons-
trate that the chromaffin cells were usually
located around the blood vessels. However,
they were not part of the endothelium of those
blood vessels as observed by Furimsky et al.
(1996) when studying the rainbow trout (On-
corhynchus mykiss).

The position in which the NECs were
located was also observed by Dunel-Erb et



Figure 1 - Photomicrography of
semithin section of fish gill showing
filaments (F), secondary lamellae
(arrow), muscle (M), cartilage (C)
and blood vessel (V) in the arc. To-
luidine blue, 500X.

Figure 2 - Photomicrography of inter-
lamellar epithelium. Observed cartilage
(C) and vessel (V), in contrast para-
neuronal cells (arrows) with positive
cytochemistry reaction using the Lars
Grimelius method, 900X. In 2a detail of
paraneuronal cell (arrow) 900X.



Figure 3 - Eletronmicrography of interlamellar epithelium, showing d|fferent types of cells: mucous cell
(MC), paraneuronal cell (P) with high electrodense secretory granules (SG and arrow) near the vessel
(V) 8,000X. _—
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Figure 4 - Eletronmicrography of interlamellar eplthellum showmg d|fferent types of ceIIs mucous cell
(MC), paraneuronal cell (P) with low electrodense secretory granules (SG) near the vessel (V) 8,000X.




al. (1982) in teleost fish and by Bailly et al.
(1992) in one species of chondrostean fish, the
sturgeon (Acipenser baeri) and in six species of
teleosts: rainbow trout (Oncorhynchus mykiss),
perch (Perca fluviatilis), black bass (Micropte-
rus dolomieut), catfish (Ictalurus melas), tilapia
(Oreochromis mossambica), and sea perch (Di-
centrarchus labrax). However, in the research
performed by Bailly et al. (1992), NECs were
also identified in the proximal part of the gills
filamentous in some species of fish, a fact that
was not observed in the present study.

As for the higher vertebrates, both soli-
tary NECs and neuroepithelial bodies (NEBs)
share several common cytochemical and ultras-
tructural characteristics with other NECs: ar-
gyrophilic by silver impregnation, fluorescence
by formaldehyde-induced cytochemistry, and
the presence of dense-cored secretory granules
by electron microscopy (Lauweryns & Cokelae-
re, 1973; Hage, 1972a,b; Lauweryns et al., 1977).
In the rabbit lung, NEBs are revealed by light
microscopy using argyrophilic staining (Cutz
et al., 1978). Cytoplasmic argyrophilia is also
revealed in NECs and NEBs of lung tissues of
a large number of vertebrate species (Scheu-
ermann, 1987). In the present work, the LG
method was also used in order to perform the
analysis through light micros-copy, and NECs
were successfully identified in gill filament
epithelium of guppy.

The teleosts are so far the only group of
fish for which intra-filamental serotonergic
neurones and nerve fibres have been shown
(Zaccone et al., 1992). Others stores of serotonin
in the gills are the NECs and polymorphous
granular cells (PGCs) (Dunel-Erb et al., 1982).
Similar to the location of the neurones, sero-
tonin-immunoreactive NECs are situated on
the efferent side of the filament facing the re-
spiratory water flow (Nilsson & Sundin, 1998).
The PGCs have only been described in rainbow
trout (Bailly et al., 1989; Bailly et al., 1992; Du-
nel-Erb et al., 1982; Zaccone et al., 1992).

The exact function of NECs and the
quantity of serotonin contained in them re-
mains unknown. It is well known, though,
that serotonin exerts a local vasoconstrictive
action in the lung of mammals, in a paracrine
way, induced by hypoxia (Fujita & Kobayashi,
1988). The frequent coexistence of serotonin
and peptidic hormones points to a role in the

synthesis, storage, and release of regulatory
peptides, or in other words, to a trophic func-
tion, during development and differentiation
and in adaptation of the respiratory system at
birth (Zaccone et al., 1995).

Considering this and the fact that NECs
are located in the epithelium of the gills, one
might conclude that they are bipolar cells in
the sense that they receive information from
the external environment and transduce it
into chemical messengers, which are released
locally by the basal part of the cell (Zaccone
et al., 1994).

In this study, NECs in gills filamentous
of guppy were detected surrounding the blood
vessels. These data were also confirmed by
Zaccone et al. (1994) and Calabr¢ et al. (2005)
in previous studies. These authors showed that
these cells act in the branchial function regu-
lations, either in the osmoregulation or in the
synthesis of chemical messengers. The NECs of
the gill filaments of guppy were observed cy-
toplasm processes magnify the contact surface,
being an evidence of great cellular activity.

The great variety and shapes of chromaf-
fin granular vesicles found in the cytoplasm can
be an indicative of distinct substances stored
in it, allowing the existence of subpopulations
composed of distinct NECs in gills of guppy
(P. vivipara), which must be better investigated
in further studies by means of more specific
methods.
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