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Abstract: Rita rita is a carnivorous, bottom dwelling catfish inhabits in muddy dirty water and depends
on olfactory sensation for procurement of food. The structural organization and function of various cells
lining its olfactory epithelium have been investigated by light and scanning electron microscopy. The
elongated olfactory organ consists of 64—68 primary lamellae arising from a narrow median raphe. Sen-
sory as well as non-sensory regions are distinctly oriented on each olfactory lamella. The sensory epithe-
lium occupies the apical tongue-shaped area and basal part of the olfactory lamellae, whereas the middle
part is covered with non-sensory epithelium. The sensory epithelium is composed of 2 types of dendrites
of receptor cells (either ciliated or microvillous), labyrinth cells, and a large number of flagellated suppor-
ting cells. The non-sensory epithelium is made up of stratified epithelial cells having a different pattern of
microridges and mucous cells. Variations in the cellular orientation of the various cells on the olfactory
epithelium have been correlated with the functional views of the fish concerned.
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INTRODUCTION

In fish, water passes into the olfactory chamber through the nostrils, and chemi-
cals dissolved in the water infiltrate olfactory cells (Ma & WanG 2010). Therefore,
the olfactory organ is the only organ of fish in which receptor neurons are directly ex-
posed to the aquatic environment and is vulnerable to water contaminants. A number
of researchers have studied the enormous diversity of olfactory rosette in teleosts,
regarding the shape, number, variations in olfactory lamellae at various ages, and
distribution of sensory and non-sensory epithelium under a light microscope (Ja-
KUBOWSKI 1981; ZEISKE et al. 1987; MANDAL et al. 2005; FErraNDO et al. 2007; GHOSH
& CHAKRABARTI 2009, 2010). As a complement of those studies, the fine anatomical
structure of the olfactory epithelium of teleosts have been investigated by various
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authors (DorosHENKO & MotavkiN 1986; Ruznmskava et al. 2001; CHAKRABARTI &
GHosH 2010; Ma & WanG 2010). Their results show that the olfactory rosettes are
relatively simple structures, comprising a mosaic of receptor cells arranged between
other non-receptor cells, which correlate with the enormous diversity of life styles
among fishes. The fishes that have few lamellae on the olfactory rosette are termed
microsmatic, while those with a large number of lamellae are termed macrosmatic
(Gon & FisHeLsoN 2009).

The purpose of the present study is to describe in detail the histology and surface
architecture of the olfactory epithelium of Rifa rita (Hamilton, 1822). It is a sluggish,
bottom-dwelling, carnivorous catfish, which subsists on molluscs, insects, crusta-
ceans, and small fish in South Asiatic rivers (YasHpaL et al. 2006). Olfactory epithe-
lium plays a major role in detecting the odoriferous substances in all ecosystems,
which is crucial for food detection and coordination of reproductive behaviours.

MATERIALS AND METHODS

Twenty healthy adult individuals of R. rita (22-24 cm in length) were obtained
from the river Ganges in March—December 2010. The fishes were anesthetized under
benzocaine (4 mg/L). Olfactory rosettes were dissected out from the dorsal side of
the olfactory chamber under a stereo microscope.

For histological studies, the tissues were fixed in aqueous Bouin’s fluid for 16—
18 h and subsequently dehydrated properly through an ascending series of ethyl alco-
hol. The tissues were cleared with xylene, embedded in paraffin wax (56-58°C) and
cut at 4 pm thickness. The sections were stained with Mallory’s triple stain.

For scanning electron microscopy (SEM), the olfactory rosettes were perfused
in vivo with 2.5% glutaraldehyde solution in 0.1 M phosphate buffer (pH 7.4) for
20 min. The entire olfactory rosettes were dissected out and rinsed with heparinised
saline (heparin sodium salt 10 000 IU dissolved in 0.67% NaCl solution) to remove
the adhering mucus. After rinsing in 0.1 M phosphate buffer (pH 7.4), the tissues
were again fixed with 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for
24 h at 4°C. After fixation the tissues were removed, rinsed repeatedly in the same
buffer (pH 7.4) and post-fixed in 1% osmium tetroxide in 0.1 M phosphate buffer
(pH 7.4) for 2 h. The tissues were washed thoroughly in the same buffer and dehy-
drated through a graded series of acetone, followed by isoamyl acetate and subjected
to critical point drying. Dried samples were mounted on metal stubs, coated with gold
palladium with a thickness of approximately 20 nm, and viewed under a Hitachi S-
530 scanning electron microscope.

RESULTS

According to SEM observations, the elongated olfactory rosette of R. rita con-
sists of a series of 64—-68 primary lamellae on each side (left and right) of the median
narrow raphe. The outer margins of the lamellae are free, while the inner margins
are attached to the raphe (Fig. 1). The apical parts of the lamellae are flat and almost
tongue-shaped, but the middle parts and bases are narrow (Fig. 1). Each olfactory
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Figs. 1-6. Micrographs of the olfactory epithelium of Rifa rita, taken using scanning electron mi-
croscopy (SEM) or histological sections stained with Mallory’s triple (MT) stain: (1) elongated
olfactory rosette exhibiting various shapes of olfactory lamellae (OL) radiating from the median
raphe (R), solid arrows indicate the tongue-shaped apical sensory part of OL, broken arrows in-
dicate the sensory part in the basal region of OL (SEM) x 30; (2) transverse section of olfactory
lamellae showing sensory olfactory epithelium (OEP) separated by a wide central core (CC), note
the presence of receptor cells (arrows), flagellated non-sensory cells (broken arrows) and labyrinth
cells (arrow heads). (MT) x 400; (3) transverse section of olfactory lamellae showing OEP with
flagellated supporting cells (arrow heads), receptor cells (RC) and labyrinth cells (solid arrows),
(MT) x 1000. (4) longitudinal folds of olfactory lamella (OL) leaving long furrows between them
(broken arrows), Note the presence of prominent receptor (solid arrows) and non-receptor areas
(arrow heads), (SEM) x 500; (5) surface of OEP showing dendrite processes of ciliated RC, arrows
indicate labyrinth cells, (SEM) x 3000; (6) sensory epithelium of OL showing ciliated RC and mi-
crovillous cells (arrow heads) surrounded by a dense mat of flagellated non-sensory cells (broken
arrows), (SEM) x 2000
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Figs. 7-9. Micrographs of the olfactory epithelium of Rita rita, taken using scanning electron mi-
croscopy (SEM): (7) Transitional zone of sensory and non-sensory olfactory epithelium lined with
crowded stratified epithelial cells (SEC) having labyrinth-pattern microridges, note the presence
of tufts of ciliated receptor cells (RC) in between SEC, arrows indicate openings of mucous cells,
(SEM) x 4000; (8) middle portion of olfactory lamella (OL) showing densely packed SEC bordered
by flagellated supporting cells (broken arrows), arrows indicate openings of mucous cells, (SEM)
% 5000; (9) surface epithelium of the raphe, represented by various shapes of SEC, having a com-
plicated pattern of microridges, note the presence of openings of mucous cells with secreted mucin
(arrows), (SEM) x 5000
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lamella bears a broad space of receptor area on the apical tongue-shaped region and
a small aggregation of receptor area in between the base of the lamella. The non-sen-
sory epithelium covers mainly the lateral surface of the middle region of each olfac-
tory lamella (Fig. 1). Histologically, the olfactory lamellae are composed of 2 layers
of epithelium separated by a wide central lamellar space, the central core, which
contains connective tissue (Fig. 2). The olfactory epithelium is composed of mixed
sensory and many flagellated non-sensory cells, mucous cells, and labyrinth cells
(Figs. 2-3). Receptor cells are intermingled with the flagellated supporting cells. The
dendrite of each receptor cell runs to the surface of the olfactory epithelium as a nar-
row and cylindrical process. The labyrinth cells are scattered in the superficial layer
of the olfactory epithelium. They are ovoid or rounded in outline with prominent
nuclei. The flagellated supporting cells are located in the upper region of the olfac-
tory epithelium, in between receptor cells, and are oval, containing elongated nuclei
(Fig. 3). According to SEM observations, the olfactory epithelial surface is provided
with prominent longitudinal folds, leaving long furrows between them. The promi-
nent receptor and non-receptor areas are clearly discernible in the longitudinal folds
(Fig. 4). At a higher magnification, the dendritic process of primary receptor cell
of sensory epithelium end with a tuft of ciliated processes (Fig. 5). However, a few
labyrinth cells are also detected in between the tuft of receptor cells, which are almost
similar to chloride cells in the gill epithelium (Fig. 5).

On the contrary, under SEM observation, the basal portion of lamella is provided
with scattered microvillous receptor cells and ciliated sensory cells surrounded by a
dense mat of flagellated non-sensory cells (Fig. 6). The transitional zone of sensory
and non-sensory epithelium is mainly lined with stratified epithelial cells with laby-
rinth-pattern microridges and intercalated with patches of free dendrite processes of
sensory receptor cells (Fig. 7). The surface epithelium of the lamella in the middle
region is composed of crowded stratified epithelial cells interspersed with mucous
cells. The outer margins of the epithelial cells are provided with flagellar processes
of supporting cells (Fig. 8). The surface epithelium of the raphe is represented by
various heights of stratified epithelial cells having labyrinth-pattern microridges. The
openings of mucous cells with mucin mass are located in between stratified epithelial
cells (Fig. 9).

DISCUSSION

The olfactory epithelium in fish has an acute sense of smell in various aspects of
their life history and shows considerable diversity, reflecting the degree of develop-
ment and ecological habitats (ZEiskE et al. 1992). The present study reveals that the
elongated olfactory rosette of R. rita consists of 64—68 primary lamellae in each left
and right rosette arranged on either side of the long and narrow raphe. Thus the total
olfactory area of this fish is considerably greater than the total retinal area. This en-
tails that it belongs to TEICHMANN’s (1954) group of nose fishes, comprising solitary
and nocturnal predators (BANNISTER 1965). The distribution of the sensory and non-
sensory epithelia on the surface of the lamellae shows a great variety in fish species
(Yamamoto 1982). In the present study the sensory receptor epithelium is mainly
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restricted to the apical flat tongue-like portion of the lamellae and the basal lamellar
portion, while the middle portion of the lamellae is provided with non-sensory epi-
thelial cells. This is a unique feature of the olfactory epithelium in this fish occupying
a specific ecological niche and thus mobilizing different olfactory cues. Hara and
ZIELINSKI (1989) also identified definite aggregations of ciliated receptor cells and
confirmed their olfacto-sensory functions. In the sensory epithelium, the cilia of the
supporting cells create a slow current of water across the olfactory lamellae, which
remove the remains of the stimulating substances and keeps the receptor cells ready
for new stimuli. Adequate ventilation is necessary to bring about the odorants in the
olfactory chamber for perceiving the chemical signals (DovING et al. 1977; BELANGER
et al. 2003). In the present study the receptor epithelium of R. rifa consists of ciliated,
microvillous, and labyrinth cells. However, the ciliated receptor cells dominated over
the microvillous receptor cells. ZEiske et al. (2003) observed that the ciliated and
microvillous receptor cells occur together in the olfactory organ of the genus Aci-
penser but the proportions differ between species. The ciliated receptor cells are of
special interest because they form a part of the olfactory transduction mechanism, are
stimulated by odour-bearing substances, and enable the fish to detect food. In R. rita
the microvillous receptor cells consist of minute dendrites having a slightly sunken
apex, and in contrast to the ciliated receptor cells may be involved in the transduction
mechanism for pheromones in the environment. BuuTe and BaiLe (2007) also advo-
cated that the receptor neurons of the crypt microvillous cells perceive and process
signals of pheromone, which is an important step of breeding in Labeo rohita. The
labyrinth cells on the surface of sensory epithelium of the riverine fish R. rita may
serve as excretory cells for osmoregulation and ion regulation. In this way they may
cause the olfactory organs to function optimally in water of various salinities. SHIRAI
and Utipa (1970) suggested that the labyrinth cells may be involved in electrolyte
transport because they are structurally similar to the chloride cells found in fish gills.
RuzHinskaya et al. (2001) also demonstrated the presence of typical chloride cells in
the olfactory epithelium of Acipenser maerii, A. ruthenus, Salmo gairdneri, Caras-
sius auratus, C. carassius, Perca fluviatilis, and Oreochromis mossambicus. Those
authors also reported that such cells are present in the areas of both non-sensory and
sensory epithelium and provide the active transport of ions between the inner and
outer media, in order to maintain ion and osmotic homeostasis. In the transitional
zone of receptor and non-receptor epithelium, few scattered tufts of receptor den-
drites are responsible for better monitoring of water quality even up to this zone.
The apical surface of the non-sensory epithelium is provided with flagellated
supporting cells, which are responsible for creating a water current in the olfactory
chamber as well as the lamellar surface for smooth flow of water in the olfactory
chamber. Furthermore, the non-sensory epithelium and the epithelium of the raphe
consist of stratified epithelial cells with labyrinth-pattern microridges on the apical
surface; these cells help to hold mucus film over the epithelial membrane and thereby
protect the epithelium from harmful substances. The mucous cells are distributed in
between the stratified epithelial cells of the olfactory lamellae. The mucus covering
the olfactory lamellae constitutes an important medium in which odorants are dif-
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fused. On the other hand, the mucin probably helps in binding microscopic debris,
which is ejected through the posterior nostrils.

Rita rita is a bottom-dwelling carnivorous catfish and subsists on molluscs, in-
sects, crustaceans, and small fish. Therefore, the dense population of ciliated receptor
cells is of special interest to enable the fish to detect food. On the other hand, the
microvillous cells in the elongated olfactory epithelium use hormones as pheromonal
cues to coordinate reproductive behaviours.
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