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Abstract

olfactory lining, near the central core.

behavioral activities of fish.

Background: A study of the olfactory organ structure in freshwater catfish, Futropiichthys vacha, was carried out to
explore the cellular constituents by aid of light as well as scanning and transmission electron microscopy.

Results: The paired elongated olfactory organs were situated on the dorsolateral facet of the head in the mold of
simple pits. The olfactory organ was made up of a series of leaflets, the lamellae, which embedded into both
sideways of slender central raphe, forming a rosette distinguished with sensory and nonsensory areas. The sensory
receptor cells were present on sideward surface and linguiform process of olfactory lamella while the rest of the
portion of the lamella was lined with nonsensory epithelium. Olfactory cells were characterized by their staining
intensity, outline, surface features, and comprehensive morphology in the epithelium. The sensory mucosa was
defined by the occurrence of three types of neuron: classic types bearing either cilia or numerous microvilli and
third type having rod-shaped architecture. The nonsensory epithelium was composed of mucous cells, labyrinth
cells, mast cells, and two types of supporting cells categorized as ciliated or nonciliated. Basal cells lie deep in the

Conclusion: The structural components of the olfactory apparatus crucial for olfaction were correlated with the
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Background

Smell is a significant sensory mediator to recognize the
chemical cues and concerned with variant behaviors of
fish. Survival in aquatic surroundings, usually deficient
of light but abundant with dissolved substances, teleostei
possess well-developed chemical sensors and signaling
system (Hara, 1994a). Olfactory and gustatory are the
main chemosensory pathways that allow the fish to sus-
tain in an aquatic habitat. Sense of olfaction is typically
discriminated as a distance chemical receptor with high
sensitivity and selectivity while gustation is basically a
connection or close territory sense with limited sensitiv-
ity (Hara, 1994b). Olfactory taste and chemical
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information are detected by the sensory terminals of re-
ceptor cells in the olfactory organ which transmit signals
directly to the central nervous system by the olfactory
tract. The olfactory organ plays an essential role in the
lives of fishes such as food finding, predator avoiding,
parental  caring,  migration,  propagation, and
reproduction (Nikonov et al., 2017). Macroscopic and
microscopic features of the olfactory organs association
with ecological compatibility are reported in different
teleostean fishes (Ghosh, 2019; Hamdani & Dgving,
2007; Kasumyan, 2004; Kim et al., 2016; Malick et al,,
2018; Miyasaka et al., 2013; Pashchenko & Kasumyan,
2015; Sarkar et al., 2014). Wide diversity occurs in the
olfactory organs of teleosts due to disparities in their
habit and habitats. The bottom of nasal cavity is lined by
epithelium which is thrown up into lamellae comprising
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a mosaic of numerous receptor cells arranged between
other nonreceptor cells that varies somewhat in fishes.

The food fish Eutropiichthys vacha belonging to the
family Schilbeidae inhabits the sandy or muddy bottom
of river water. They are highly predaceous in nature,
feeding preferably on aquatic insects, crustaceans, anne-
lids, and small fishes (Abbas, 2010; Hossain et al., 2015).
Fundamental information related to histological charac-
teristics and histochemical nature of various cells lining
the olfactory mucosa of schilbid catfish has been re-
ported (Ghosh, 2018a, b; Ghosh & Das, 2020). However,
the observations of tissue organization and minute anat-
omy of the chemosensory olfactory organ are lacking.
The present work is an attempt to specify the structural
components of organization and function of the olfac-
tory system in E. vacha through histological and electron
microscopical analysis.

Methods

Specimen acquiring

A total of 106 adult specimens of E. vacha (20.5 to 24.2
cm in total length) were caught between December 2016
and September 2018 from Bhagirathi-Hooghly river, a
tributary channel of river Ganga adjacent Kalyani of
West Bengal, India, using cast net and drag net. They
were identified following a key to classification of fishes
by Misra (2003). Specimens were anesthetized with 3%
urethane (Himedia) and sacrificed. The olfactory organs
were dissected out thoroughly from the olfactory pits
under stereoscopic binocular microscope (Magnus
MS24) and processed for relevant techniques.

Light microscopy

A total of 60 olfactory tissues were fixed in aqueous
Bouin’s fluid for about 18h, washed in 70% ethanol,
dehydrated through graded ethanol solutions, cleared in
benzene, and embedded in paraffin wax (Sigma-Aldrich,
melting point 56-58 °C) for 1 h and 30 min. Transverse
sections of tissue block were cut at 4-um thickness using
a rotary microtome (Weswox MT-1090A Senior).
Dewaxed tissue sections were stained with Azan Tri-
chrome (AT) (Heidenhain, 1915), Mallory’s Triple (MT)
(Mallory, 1936), and Delafield’s hematoxylin-eosin (HE)
(Fischer et al., 2008) stain. The sections were cleared
with xylene and mounted with dibutylphthalate polystyr-
ene xylene (Merck). The stained slides were observed
and photographed using a light microscope (Carl Zeiss
Primo Star) equipped with a Tucsen 5.0 MP camera at
different magnifications.

Scanning electron microscopy

After being exposed, a total of 12 olfactory rosettes were
bathed in a solution containing 2.5% glutaraldehyde
buffered with 0.1 M phosphate buffer (pH7.4) for 15
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min. The olfactory rosettes were removed from the ol-
factory pits and gently washed with 1% Tween 40 solu-
tion (Himedia) to remove the excess mucus and debris
from the surface. They were immersed in the same buf-
fer, transferred in 2.5% glutaraldehyde for 24 h at 4°C,
and post-fixed in 1% 0.1 M phosphate-buffered osmium
tetroxide (pH 7.4) for further 2h at room temperature.
Samples were then dehydrated in a gradation of acetone,
changed with isoamyl acetate, dried by critical point
method (Cohen, Marlow, & Garner, 1968) with liquid
CO,, and mounted with glue on aluminum stubs. After
being sputter coated (BT-150 Coater, Hind High Vac-
uum Co. Pvt. Ltd.) with platinum (15 nm), samples were
viewed under a scanning electron microscope (SEM)
(Zeiss EVO 18).

Semithin sections and transmission electron microscopy
Small portions of the olfactory rosette from 12 speci-
mens were fixed in modified Karnovsky’s solution (2%
glutaraldehyde and 2.5% paraformaldehyde in 0.1 M
phosphate buffer, pH 7.4) for 4 h at 4°C and postfixed in
1% osmium tetroxide in the same buffer for further 2 h
at room temperature. After thoroughly washing in phos-
phate buffer, the fixed samples were dehydrated in an as-
cending series of acetone and embedded in araldite
following standard protocols. After resin polymerization,
transverse semithin sections were cut at 1-um thickness
with a glass knife using ultracut microtome (Leica EM
UC?7) and stained with toluidine blue (Bozzola & Russel,
1992). Stained sections were examined under a light mi-
croscopy (LM), and microphotographs were taken under
Zeiss Primo Star trinocular microscope.

Ultrathin sections (silver to gold) were obtained and
double-stained on copper grids with 1% aqueous uranyl
acetate and lead citrate (Glauert, 1975) and examined
using a Tecnai G2 20S-Twin transmission electron
microscope (TEM) (FEL, Netherlands).

Results

Gross anatomy

In E. vacha (Fig. 1A), each nasal chamber lies dorsolat-
erally towards the tip of snout, quite anterior to the eye.
The nasal cavity has two external nares, incurrent and
excurrent, which are separated by a bridge of skin (Fig.
1B). The anterior inlet is oval in outline and occupies
obliquely while the posterior outlet is small in size and
sickle shaped. The olfactory apparatus contains olfactory
chamber, anterior and posterior nares, olfactory rosette
equipped with numerous lamella, olfactory bulb, and ol-
factory nerve. The olfactory rosette remains buried in
the base of the nasal chamber, a depression of ethmoid
bone of the skull. The nasal chambers of both sides are
separated from each other by the intermediary meseth-
moid bone. The olfactory bulbs are spherical and
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Eutropiichthys

Fig. 1 Photographs showing the anatomical structure of olfactory apparatus in Eutropiichthys vacha. A Female and male £. vacha. B Nasal cavity
(NQ) exhibits incurrent (1) and excurrent (E) nares distinguished by nasal bridge (NB). Arrows mark pathway of water flow. C Dissected dorsal view
of the brain (B) along with olfactory tracts (OT), olfactory bulbs (OB), and olfactory rosettes (OR)

vacha (Male)

=~

J

moderately developed. The narrow olfactory tracts are
composed of olfactory fibers connecting the olfactory
bulbs with basal fore brain (Fig. 1C).

Light microscopy

Olfactory lamella ramified from raphe shows unequal
thickness and is composed of two layers of stratified mu-
cosa encompassing the central core which contains con-
nective tissues with blood vessels and bundle of nerves
(Figs. 2A and 3B). The epithelium is isolated from the
central core by a prominent basement membrane (Figs.
2D and 3B, C). The olfactory mucosal lining is com-
posed of structurally specific primary receptor cells, sec-
ondary receptor cells, microvillous receptor cells, rod
receptor cells, and various kinds of nonsensory cells (Fig.
2B). The receptor cells bearing posteriorly placed nuclei

are frequently present in the sensory portion of lamella
(Fig. 2D). The primary receptor cells are closely ar-
ranged in a single row with darkly stained ovaloid nu-
clei and cylindrical dendrites facing towards the free
epithelial margin (Figs. 2D and 3C). The distal edge of
the dendrite has a small protrusion, the olfactory knob
which has poorly visible apical hairs on the mucosal
surface. The receptor cells exhibit bipolar neurons in
some regions of mucosa (Fig. 2D). Secondary receptor
cells are observed underneath the primary receptor
cells, marked by intensely stained elongated nuclei and
granular cytoplasm (Fig. 3C). In some parts, the den-
drite ends of the secondary receptor cells form synaptic
contact with the axons of primary receptor cells. Their
axon passes through the basement membrane and stro-
mal sheet, where they assemble to construct an array of
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Fig. 2 Histomicroscopy of olfactory organ in E. vacha stained with Azan Trichrome (AT), Mallory's Triple (MT), and Delafield's hematoxylin-eosin
(HE) stain. A Olfactory lamellae (OL) connected with raphe (R) exhibit compact olfactory epithelium (OEP) on both side of midline central core
(CC). B OEP contains primary receptor cells (RC), rod receptor cells (solid arrows), labyrinth cells (LC), mast cells (M), basal cells (arrow heads), and
ciliated (CSC) and nonciliated supporting cells (SC) (broken arrows). CC provided with blood vessels (BV) and connective tissue fibers (CT). C Basal
portion of lamella shows nonsensory epithelium (NSE) with secretory mucous cells (MC), labyrinth cells (broken arrows), M, SC, CSC. CC contains
BV (solid arrows). Arrow head marks fila olfactoria. D Part of sensory epithelium (SE) shows primary receptor cells (solid arrows) with nuclei (N)
and apical hairs (H), rod receptor cell (asterisks), and microvillous cells (broken arrows). Basement membrane (BM) separates OEP from CC which

contains cluster of BV. Arrow heads indicate bipolar neuron

olfactory fibers. Microvillous receptor cells are more
marginal in the olfactory lining, portrayed with moder-
ately stained round nuclei and flat surface (Figs. 2D and
3C). Rod receptor cells are distinguished by their col-
umnar layout, bearing basally placed spindle-shaped
nuclei and wide length dendrite tips towards the muco-
sal outside.

The nonsensory epithelium is characterized by laby-
rinth cells, mast cells, mucous cells, and two types of
supporting cells: ciliated and without cilia (Figs. 2 B and
C and 3 B and D). Labyrinth cells are distributed ran-
domly in the exterior border of the mucosa. They are
fairly large and globular in appearance having prominent
rounded basally or medially placed nuclei. Mononuclear
mast cells are ovoid in outline having granulated
cytoplasm, scattered in the middle zone of epithelium.
Empty mucous cells are irregular in shape containing
basally placed nuclei, release their content on the epi-
thelial surface (Fig. 2C). Ciliated supporting cells are
almost columnar in pattern with a flat surface
sculpted with cilia.The nonciliated supporting cells
with basophilic central nuclei are peppered with other
olfactory cells forming a mosaic (Figs. 2B, C and 3D).
The basal cells appear as stem cells which contain
conspicuous large nuclei, lying nearby basement
membrane (Figs. 2B, 3B, C).

Scanning electron microscopy

Each olfactory organ is expressed by an elongated, lat-
erally constricted rosette-like arrangement having a long
medial axis, bearing 34—38 radial lamellae organized on
each of the linear raphe (Fig. 4A). The lamellae are dis-
tensions of raphe and connected onward its ventral mar-
gin with the floor of olfactory cup. The lamellae are flat
on both sides, intimately arranged parallel to each other
in a perpendicular plane and their concave outer edges
with linguiform growths at distal ends. They are closely
set on the right and left side of the rosette. The exten-
sion of lamella differs regarding their layout in rosette.
The lamellae of the middle portion of the rosette are
broad and diminish in size towards anterior and poster-
ior ends. The lateral covering and linguiform process of
lamella contains sensory mucosa while the rest of the la-
mella is lined with nonsensory mucosa (Fig. 4B). Sensory
and nonsensory mucosae are distinguished based on sur-
face characters and cellular constituents.

The discontinuous sensory mucosa has a large number
of receptor cells which are differentiated on the basis of
free terminals and categorized into ciliated, rod, and mi-
crovillous receptor cells (Fig. 4C and D). Ciliated recep-
tor cells bear narrow hillock-like tips emerging from
their cell body. The microvillous receptor cells are cov-
ered with compressed microvilli like protuberances,
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cells (SC). CC contains BV

Fig. 3 Photomicrographs of the semithin sections of the olfactory lamella in £. vacha stained with toluidine blue (TB). A Transverse section of
olfactory lamella (OL) proliferated from raphe (R) shows olfactory epithelium (OEP) and central core (arrows). B OL shows nonsensory epithelium
(NSE) containing ciliated supporting cells (arrow heads), labyrinth cells (broken arrows), mast cells (M), and basal cells (BC). CC supported with
blood vessels (BV) segregates from OEP by basement membrane (solid arrows). C Magnified sensory OEP illustrates primary receptor cells (solid
arrows) synaptic connection with secondary receptor cells (arrow heads), microvillar cells (broken arrows), and rod cells (RD). Note presence of BV
in CC, which is distinguished from OEP by BM. K for olfactory knob (K), BC for basal cells, and LC indicates labyrinth cells. D Higher magnification
of nonsensory OEP portrayed with mast cells (M), labyrinth cells (broken arrows), ciliated supporting cell (solid arrow), and nonciliated supporting

giving sculpture surfacing over the mucosa. Rod-shaped
receptor cells are observed sporadically, distended as
compound tips at the free surface of epithelium. The
rod-like structure tapers progressively towards the tip.
The sensory region shows hairy appearance due to the
occurrence of condensed cilia.

The larger non-sensory epithelia contain stratified epi-
thelial cells with plentiful microfolds and compact as-
semblage of ciliated supporting cells interposed with
secretory mucous cells. Mucus droplets are marked over
the parts of free surface. The ciliated nonsensory cells
show dense aggregation over the surface of lamella (Fig.
4E). Scattered labyrinth cells having inward folding are
detected in between the tuft of receptor cells (Fig. 4C
and D). A sharp difference is seen in between the epithe-
lial lining of lamella and raphe. The raphe consists
mostly of stratified epithelial cells containing zigzag pat-
tern microridges, and mucous cells randomly dispersed
mucous cells (Fig. 4F). Secreted mucin from mucous
cells is deposited over the stratified epithelial cells. No
cilia are observed on the midline raphe.

Transmission electron microscopy
The sensory olfactory mucosa containing 3 morphotypes
of receptor neurons are differentiated from other

olfactory cells by their cell soma, characteristic length,
and architecture of dendritic processes. The sensory
neurons are confined at the apical edge of the mucosa,
furnished with ciliated knob, without cilia but with short
microvillar or rod-forming tips (Fig. 5A). The ciliated re-
ceptor cell is characterized with apical dendrite having
many microtubules that arise from basal body of the cell
(Fig. 5B). The nucleus lies deep in the cell, and cyto-
plasm is crowded with mitochondria, electron dense
granules, and more than one pair of centrioles. A tight
junctional complex is observed between adjoining cells.
Microvillous receptor cell without cilia is embossed with
tuft of minute microvilli. They are deeply infolded in ap-
ical portion and have a number of adherent electron
opaque vesicles (Fig. 5B and C). Specialized rod cells are
seen infrequently in the epithelium and have a continu-
ous tapering spoke-like axonal process above the epithe-
lial surface. The axonal process has longitudinally
oriented microtubules along the axis. Aggregations of
free ribosomes, centrioles, and electron-dense vesicles
are noted. In the dendrite of ciliated and rod receptor
cells, the microtubules are aligned in the 9 + 2 order in
transverse section (Fig. 5D).

The basal cells containing lobular nuclei are inter-
mingled in the deeper layer of olfactory mucosa close to
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Fig. 4 Photomicrographs of the topological view of olfactory epithelia of £. vacha by scanning electron microscopy (SEM). A Dorsal view of gross
olfactory rosette furnishes olfactory lamellae (OL) with linguiform processes (L) emitted from raphe (arrow). B Alignment of sensory (SE) and
nonsensory (NSE) epithelium on OL. C Sensory islet of linguiform process (L) shows dendrite tips of ciliated receptor cells (RC), rod cells (RD) (solid
arrows), and microvillous cells (arrow heads). Note the presence of ciliated supporting cells (CSC) and labyrinth cells (LC) (broken arrows). D
Lateral surface of lamella shows sensory epithelium with RC, rod cells (solid arrows), and microvillous cells (arrow heads), and nonsensory
epithelium contains CSC and labyrinth cells (broken arrows). E Surface of nonsensory mucosa illustrates dense aggregation of ciliated supporting
cells (CSC) and nonciliated supporting cells (SC). Arrow marks mucin masses. F Close up view of raphe exhibits SC with conspicuous microridges
(arrow heads) and elevated mucous cell (broken arrows). Note the presence mucin balls (solid arrows) over SC
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basement membrane (Fig. 5E). The nucleus has dense
heterochromatin, scattered everywhere inside. Cyto-
plasm contains conspicuous rough endoplasmic
reticulum, mitochondria, well-developed Golgi com-
plexes, and secretory vesicle (Fig. 5F). Mast cells with
opaque nuclei, surrounded by cisterns of rough endo-
plasmic reticulum are distributed in the middle of the
epithelium (Fig. 5E). A large number of mitochondria
are present in the cytoplasm (Fig. 6C). Mucous cells are
circumscribed in the periphery of nonsensory mucosa
and rich in secretory vesicles and packed with granules
(Figs. 5E, 6A, B, E). Due to accumulation of copious

secretory vesicles, nucleuses together with other organ-
elles are basally located (Fig. 6B). Labyrinth cells are
bulbous in contour, with profuse filamentous mitochon-
dria and homogenous fine granules (Fig. 6 A and F). The
nonciliated supporting cells are columnar with basally
located nuclei and mitochondria (Fig. 6 A, C, and D).
The ciliated supporting cells are disbursed on the muco-
sal border, having extended flat apical surface containing
a number of cilia. These are common motile cilia show-
ing predominant 9 peripheral plus 2 central microtubule
patterns (Fig. 6D). Striated rootlets continuing from
basal bodies are found in the cell apex which gives rise



Ghosh The Journal of Basic and Applied Zoology (2021) 82:4

Page 7 of 11

secretory vesicle (broken arrow) adjacent to nucleus

Fig. 5 Photomicrographs of the olfactory lining of E. vacha by transmission electron microscopy (TEM). A Sensory epithelium (SE) contains
ciliated receptor cell (solid arrow), microvillous receptor cells (MV), and rod cell (broken arrow) while nonsensory epithelium (NSE) with
nonciliated supporting cell (SO), ciliated supporting cell (CSC), and mucous cell (arrow head). B Sensory part shows MV with minute microvilli
(asterisks), ciliated RC with dendrite process of (solid arrow) arises from basal body (broken arrow) and centrioles (CE). RC exhibits junctional
complex (J) with neighboring cells. Arrow heads indicate cross section of cilia. C Sensory epithelium illustrates MV with electron opaque vesicles
(EQV), minute microvilli (arrow heads), and pinocytotic invagination (Pl) on apical surface. Rod cell (RD) exhibits spike-like projection having
parallel arranged microfilaments (F) emerged from basal body (solid arrow), centriole (broken arrow), and electron-dense vesicle (broken arrow). D
Transverse section of cilia shows 9 pairs of peripheral microtubules (broken arrows) and 2 central ones (solid arrows). E Nonsensory mucosa
shows basal cells (BC) with nuclei (N), mast cells (solid arrows), and mucous cell (MC) with dense granules (DG) and vacuoles (arrow heads). Note
the basement membrane (BM) in between mucosa and central core (CC). F Nucleus (N) of basal cells having fragmented heterochromatin (arrow
heads) surrounded by rough endoplasmic reticulum (RER). Note the presence of mitochondria (solid arrows) and Golgi apparatus (G) and

J

to many cilia (Fig. 6C). These have mitochondria, vacu-
oles, and moderate electron lucent membrane obligated
vesicles in the apical cytoplasm (Fig. 6B and D). The
central raphe mainly consists of supporting cells having
irregular-shaped nuclei containing fragmented hetero-
chromatin and a few secretory vesicles. Cytoplasm holds
scanty rough endoplasmic reticulum, free ribosomes,
and multitude of electron-blurred particles (Fig. 6F).

Discussion

The structural specialization and cellular composition of
olfactory organ is related to the ecological behavior of
fish. Sense of smell in fish is commonly concerned with
the water ventilation by sniffing process (Nevitt, 1991).
The water enters through the anterior inlet and comes

out of the posterior outlet after bathing the olfactory
mucosa. Relevant ventilation of the nasal chamber is
requisite for carrying the chemical cues over the olfac-
tory lining for acquiring the chemical information of the
aquatic environment (Belanger et al., 2003). Nasal bridge
is necessary for circulation of water through anterior
nare and comes out of the posterior nare. E. vacha have
a good sense of olfaction and can judge the chemical
stimuli by multilamellar olfactory organ linked to the ol-
factory lobes of the forebrain by cranial nerves I.

The occurrence of greater number of olfactory lamella
in E. vacha is due to their bottom-dwelling habit and
well-developed olfactory acuity. The present work con-
firms that the olfactory rosette is an elongated structure
that belongs to the 3rd group of nose fishes (Teichmann,
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(arrow heads) and vesicles (solid arrows) adjacent to nuclei

Fig. 6 Photomicrographs of the olfactory organ of E. vacha by transmission electron microscopy (TEM). A Nonsensory epithelium (NSE) lined with
nonciliated supporting cells (SO), ciliated supporting cell (CSC) (solid arrow), labyrinth cells (LC), and mucous cell (MC). B Mucosa shows CSC with
vacuoles (solid arrows), SC with mitochondria (MT), and MC containing basally placed nuclei (N) and secretory vesicles (arrow heads). C NSE
typified with CSC having striated rootlets (solid arrows), mast cells (M), and SC containing nuclei (N). D Close up view of CSC shows plenty of
kinocilia (C) with compact microtubules that arise from basal bodies (broken arrows), centriole (arrow head), mitochondria (MT), and pale granules
(PG). Solid arrows mark classic arrangement of microtubules. E NSE shows labyrinth cells (LC) compacted with mitochondria (arrows) and
vacuolated mucous cells (MC). F Raphe contains supporting cell nuclei (N) with dispersed heterochromatin. Note rough endoplasmic reticulum

1954) which acquire greater olfactory area in compari-
son to retinal sphere. In olfactory rosette, lamellae orient
uniformly from both side of midline raphe, classified by
Yamamoto (1982) Type-H, ie., double-sided comb-like
appearance along a raphe. Functional ability of the che-
mosensory olfactory organ in a teleost increases in direct
proportion to the higher number of lamellae and its epi-
thelial lining (Ojha & Kapoor, 1973). The lamellae bear
specialized linguiform processes which forward the
movement of water over the olfactory rosette. The lin-
guiform processes slow down the water current over the
lamella and facilitate better interaction of odorant parti-
cles with chemosensory cells of sensory islets. Dispersal
of sensory and nonsensory mucosa on the olfactory la-
mellae shows enormous diversity in fish belonging to

particular taxonomic levels, and varying habits are ne-
cessarily an adaptive aspect (Yamamoto, 1982).

The apical part of the sensory mucosa is lined with re-
ceptor cells, responsible for a specific reaction with li-
gands (Kuciel et al., 2011). The sensory neurons mediate
behavior of the fish. The receptor cells are of three types:
characterized with ciliated edges or with microvillar tips
or rod-shaped endings which are adept to respond and
recognize the chemical stimuli in the surroundings eco-
system. The ciliated receptor cells correspond to type I
cell of Yamamoto & Ueda (1978), though microvillous
receptor cells to type II cells of Muller & Marc (1984),
and rod receptor cells of those type IV cells of Ichikawa
Ueda (1977). Each neuron carries unequivocal chemical
stimuli that bring out distinctive behavior in response to
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olfactory cues associated with crucial life processes of
fish (Hamdani & Dgving, 2007). The distal ends of cili-
ated receptor cells have olfactory knob supported with
sensory hairs that are recognized as the locus of receptor
sites for odouriferous particles. Zippel et al., (1997) ad-
vocated that ciliated neurons perform counter to amino
acids while the microvillar neurons mediate comeback
to pheromones. The microvillous receptor cells
recognize and communicate with pheromone, which is a
momentous adventure of breeding in Labeo rohita
(Bhute & Baile, 2007). Datta & Bandopadhyay (1997) re-
ported that rod cell is not a usual subtype, the forming
of rod probably due to fusion of cilia of ciliated region.
Hernddi (1993) reported that the presence of the rod cell
is due to habitat of a new physiological climate. Exist-
ence of rod receptor cells reveals the marking of aged
ciliated receptor cells (Yamamoto, 1982). The occur-
rence of microtubules is probably responsible for main-
taining the shape of the dendrite process and
channelizing different transport materials to the particu-
lar site (Datta & Bandopadhyay, 1997). Theisen (1972)
reported microtubules in dendrite of receptor neurons
presumably the main role for recognition of chemical
cues. Group of mitochondria in the receptor cell sug-
gests that they are providing the needed energy for the
beating of cilia. The attentive aspect of the present work
is the detection of secondary neurons in addition to pri-
mary neurons and the presence of synaptic connections
between these two types of neurons in the olfactory epi-
thelium. The axons of the secondary neurons may ex-
tend into the central core of the lamellae, suggesting
that the impulses received by the dendrite of primary re-
ceptor cells ultimately send impulses to the central core
and carried over into the brain finally. Ojha and Kapoor
(1973) also found secondary neurons in the olfactory
epithelium of Labeo rohita.

The nonsensory epithelium is comprised of supporting
cells, helping in mechanical dissociation and to secrete
substances onto the mucosa of the olfactory lamella
(Hara, 1994b). The ciliary process of nonsensory cells
generates a feeble current that closed the lamellae and
perform as guides facilitating dissolved chemicals to con-
tact tips of sensory neurons bearing receptor sites (Hara,
2000). The supporting cells embossed with kinocilia
have to propel water and/or mucus over the lamella. Ki-
nocilia have dynein arms that furnish their motility
(Zeiske et al., 1992). The labyrinth cells cell type is simi-
lar to chloride cells which probably are involved in elec-
trolyte transport in fish gills and pseudobranch
(Bertmar, 1972). Mast cells in the olfactory mucosa are
believed to play an important role in reproduction of
Labeo rohita (Bhute & Baile, 2007) and Baltic trout
(Bertmer, 1982). They can change metabolic activity of
receptors and thereby the sensitivity of olfactory
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epithelium. The rough endoplasmic reticulum and mito-
chondria also suggest its functional state. The basal cells
are conceited to be the progenitor cells of the receptor
and supporting cells (Zeiske et al, 1992). The occur-
rence of basal cells buried in the epithelium abets to sus-
tain the mucosa during normal cell turnover or
necrobiosis. Mucous cells secrete mucin to shield the
mucosa from mechanical injury and help in binding the
microscopic junk to keep the sensory receptor accessible
for new odorants. The deposited mucus from the mu-
cous cells possibly assists for coalesce microscopic re-
mains and by that retains the receptor neurons get for
new stimuli. Zeni & Stagni (2002) opined that the mucus
covering the olfactory lamellae constitutes an important
medium in which the odorants are diffused like that of
other olfactory systems of vertebrates.

Conclusion

E. vacha acquire considerably developed macrosmatic
olfactory organs specialized with distinctive sensory cells
in adaptation to the ecological habitat in which they live.
Predominance of precise ciliated, microvillar, or rod re-
ceptor cells in the sensory mucosa has differentiated
chemoattraction capability and is accomplished to judge
the chemical characteristics in the surroundings. For
better understanding of the chemosensory system in af-
finity to necessary life processes of the organism, more
experimental researches are to be advocated.
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