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The surface architecture of the olfactory rosette of Heteropneustesfossilis (Bloch) has been studied by
scanning electron microscopy. The olfactory rosette is an oval structure composedof a number of lamellae
arranged pinnately on a median raphe. The raphe is invested with epithelial cells and pits which represent
goblet cell openings. On the basis of cellular characteristicsand their distribution the lateral surface of each
olfactory lamella is identified as sensory, ciliated non-sensoryand non-ciliated non-sensoryepithelium. The
sensory epithelium is provided with receptor and supporting cells. The ciliated non-sensory epithelium is
covered with dense cilia obscuring the presenceof other cell types. The non-ciliated non-sensoryepithelium
is with many polygonal areas containing cells.

Introduction

rosettes of anaesthetizedfish were exposed and perfused
slowly by poliring chilled 2.5% phosphatebuffered gluCatfish possess an acute sense of smell (Parker 1910). taraldehyde(pH 7.4) for about 30 min before their surgical
The olfactory sense in Heteropneustesfossitis, an air- removal. The lamellae were separatedfrom the rosette.
breathing catfish of the Indian subcontinent, plays an Samplesof lamellae as well as entire rosetteswere fixed
indispensable role in its feeding and other activities. in 2.5% glutaraldehyde in 'J.l M phosphate buffer (pH
However, literature related to scanning electron micro- 7.4) for 2 h at 4°C. Subsequentlythe tissue blocks were
scopic (SEM) studies on the olfactory organs of catfishes washed repeatedlyin the same buffer at 4°C, dehydrated
is scanty (Caprio and Raderman-Little 1978~Yamamoto through an ethanol series and stored in acetone.Critical
and Ueda 1978; Jakubowski 1981; Tarpley et at 1984; point drying of the sampleswas done using CO2,Dried
Singh and Singh 1989; Theisen et at 1991) although samples mounted on aluminium stubs with conductant
catfish are an important constituent of the fish population. silver paints were coated with gold paladium and exaTherefore, an attempt has been made in the present mined in a Philips PW 6751 scanningelectronmicroscope
communication to portray and characterize the surface at 00 to 33.50tilting position operated in emissive mood
micromorphological architecture and the different func- at 15 to 25 kv.
tional regions of the olfactory rosette of H. fossitis.
Recently Datta and Bandyopadhyay(1997) have studied
3. Results
the ultrastructure and functioning of the cellular constituents of olfactory epithelium of the same fish.
Surface architecture of rosette

Materials and methods
Specimens of H. tassilis (Bloch) 17.5 cm in length and
25 g in weight were procured from local ponds and
acclimated in the laboratory for a week. The olfactory

The olfactory rosette of H. tassilis is an oval structure
(figure la) placed anteroposteriorly within the olfactory
chamber.The rosette comprisesa central elongatedraphe
with pinnately arranged lamellae on both sides (figure
Ib). While the proximal parts of the lamellae are attached
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Figure 1. SEM of different parts of the olfactory rosette. (a) A rosette with linguiform process (LP)
and wall of the chamber (W) (Bar = 250 flm). (b) Raphe (R) and parallely alTangedlamellae (L)
(Bar = 40 flm). (c) An area of raphe showing micro-ridges (M) and pits (P); alTows show the mucous
balls (Bar = 5 flm). (d) An isolated lamella showing sensory epithelium (SE), ciliated non-sensory
epithelium (CN) and non-ciliated non-sensoryepithelium (NN) (Bar = 100flm). (e, f) Tip of linguiform
processes;arrows indicate pits (Bars = 10 flm)

Surface ultrastructure of olfactory rosette of H. fossilis

Figure 2. Magnified surface views of the lamella. (a) Sensory epithelium (SE) showing a cluster
of ciliated receptor cells (Bar = 4 ~m); inset shows a single receptor cell with olfactory knob (0)
(Bar = 2 ~m). (b) A portion of the ciliated non-sensory epithelium (CN) showing profuse ciliation;
arrows showthe mucousballs (Bar = 5 ~m). (c) Interface region of ciliated non-sensory(NN) epithelium;
arrow shows the mucous ball and non-ciliated region shows the pits (P) (Bar = 5 ~m). .(d) Non-ciliated
non-sensoryepithelium showing the micro-ridge (M) pattern and pits (P) (Bar = 1 ~m)

,619

620

Shovan K Bandyopadhyay and N C Datta

to the raphe, the distal parts are united with one another
to form the boundary of the rosette which eventually
constitutes the wall of the olfactory chamber(figure la).
The raphe shows finger-print like micro-ridges with
randomly distributed pits (figure lc) which represent
mucous cell openings. The diameter of the pits ranges
approximately from 1 to 2 J.1m.Through some of these
pits mucous balls are seen inside tht goblet cells.

micro-ridgesis approximately0.2 flm, whereasthe furrow
of the micro-ridgesrangesfrom 0.15 flm to 1 flm.. Within
some polygonal areasscatteredpits of different diameters
ranging from about 0.75 flm to 3.5 flm are distributed.
The pits are margined with distinct elevatedembankments
giving them a crater-like appearance(figure 2d)..

4. Discussion

The surface of the olfactory lamella of fishes can be
distinguishedinto sensoryand non-sensoryor indifferent
The size and shape of the lamellae vary according to regions (Yamamoto 1982). From the present observation
their position in the rosette. The anterior most lamella the non:-sensoryepithelium is further subdivided into
is the smallest with their size gradually increasingtowards ciliated and non-ciliated areas following Zeiske et al
the mid-region of the rosette. The thickness of the (1992). In H. jossilis the lamellar surface shows three
lamella ranges between 40 and 50 ~m. The size of the clearly distinct regions on the basis of distribution of
mid-lamella is the largest and may be considered as different cell types,viz., non-ciliated non-sensory,ciliated
non-sensoryand sensory epithelia. The occurrence of
typical. It is somewhat triangular in shape (figure Id).
three
similar separateregions in the lamellar surface was
The size of the lamellae gradually decreasesposteriorly
also
reported
by Yamamoto and yeda (1978) in two
from the middle region. The dorsal margin of the lamella
other
catfish,
Parasilurus asotus and Pelteobagrus
is provided with a linguiform process (figure Ia) which
nudiceps.
These
authors named them as X, Y and Z
is entirely covered with the non-sensoryepithelium. The
regions
respectively.
The types of arrangementof sensory
tips of the linguiform processeseither bear a central pit
and
non-sensory
epithelia
as proposedby different authors
(figure Ie) or several pits (figure If). On the basis of
are
provided
in
table
1.
surface characteristicsand the distribution pattern of the
According to Yamamoto and Veda (1979)-the arrangecell types, the surface of the lamella is distinguished
into sensory, ciliated non-sensoryand non-ciliated non- ment of the sensoryepithelium of the lamella of catfishes
in general fits into category I (table 1). On the basis
sensory epithelium.
of observation,the present authors feel that since the
3.2a Sensoryepithelium: The sensoryepitheliumcovers sensory epithelium is restricted to the proximal region
the innermost proximal oval region of the lamella (figure of the lamellae, a separate V category of arrangement
ld). Some ciliated cells with a small hillock-like apex may be made(table 1). In addition to the abovementioned
called the olfactory knob are scattered in this region three zones,Jakubowski(1981)reported in anothercatfish
(figure 2a). A number of cilia arise radially on the Silurus glanis a fourth zone, "Marginal", whose signifiolfactory knob (figure 2a inset). These are the ciliated cance was not clearly mentioned.
receptor cells. Some supporting cells are found interTable 1. Different types of arrangementof sensory and
spersed with these receptors.
3.2 Suiface architecture of lamella

non-sensoryepithelia.

3.2b Ciliated non-sensoryepithelium: This region covers the middle portion of the lamella in betweensensory
and non-ciliated non-sensoryepithelium (figure Id). This
region is provided with profuse cilia which obscure the
presenceof other cell types as well as the a~tua1surface
configuration of this region of the lamella (figure 2b).
Some mucous balls of varying sizes are found floating
over the cilia.

Category

Holl 1965

I

The sensory epithelium is continuous except for the edges of each
lamella

II

The sensory epithelium is divided
into large areas by the non-sensory
epithelium
The sensoryepithelium is dispersed
in many discrete islets

III

3.2c Non-ciliated non-sensoryepithelium: This region
commences from the outer lateral border of the ciliated
non-sensory region (figures ld and 2c) and covers the
distal part of the lamella and the marginal area of the
linguiform process. The surface architecture shows a
cluster of polygonal areas which are composed of
haphazardly arranged micro-ridges exhibiting a fingerprint like design (figure 2d). The average width of the

Yamamoto and
Veda 1979

IV

Presentstudy

v

The sensory epithelium is intermingled irregularly with the nonserlsory epithelium
The sensoryepithelium is confined
to the proximal region while the
middle and distal regions are
occupiedby non-sensoryepithelium

Surface ultrastructure of olfactory rosette of H. fossilis
The presence of sensory epithelium in the lamellar
surface adjacent to the raphe of the channel catfish was
also studied by Caprio (1977), Caprio and Raderman-Little
(1978). Electrophysiological and SEM studies made by
theseauthorshave also identified sensoryand non-sensory
regions. The present study with H. fossilis shows the
confinement of receptor cells to the proximal region of
the lamella (Datta and Bandyopadhyay 1997) which
also corroborates the findings of-Yamamoto and Veda
(1978). Microvillous receptor cells were not observedas
the specimensstudied were below the length group, i.e.,
18 cm length and it has been noticed that these cells
do not grow until the fish gain a length of 20 cm and
the total number of lamellae crosses the 110 mark
(Bandyopadhyayand Datta 1996). A similar phenomenon
was also reported by Jakubowski (1981) in S. glanis.
The linguiform processes separate the entire concave
surface of the rosette into central and peripheralchannels
for channelizing the water current (Bandyopadhyayand
Datta 1996). The non-sensory epithelial surface of the
linguiform process bears many pores which secrete
mucus to lubricate the entire region for smooth flow of
water.
The denselyarrangedciliated cells in the middle region
of the lamella are responsible for the circulation of water
in the interlamellar space as well as in the olfactory
chamber. The inclination of the cilia to one side over
a wide range of the epithelium supports this idea. The
beating of cilia also helps in driving out the mucous
balls poured out from the goblet cells. Caprio and
Raderman-Little (1978) were of the opinion that the cilia
propel streams of incoming solutions of water with
dissolved chemicals between the lamellae and over the
mucous layer. The occurrence of micro-ridges on the
non-sensory epithelium of the lamella of H. fossilis is
in conformity with the works of Yamamoto and Veda
(1978) and Theisen et al (1991). The surface of the
raphe is entirely provided with micro-ridges and pits.
Numerous goblet cells reportedm this region by Bandyopadhyay and Datta (1996) are also evident from the
presentstudy. Mucus from the pits lubricates the surface
of the raphe which protects the epithelium from the
incoming water thrust during ventilation. While studying
fish skin Mittal and Banerjee (1980) and Banerjee (1993)
postulated that the thick coating of slime secreted by
the goblet cells forms an important preventive barrier
which has a multiple role in retarding the penetration
of surfactants.The mucous layer may also act as an ion
trap which delays the penetration of heavy metal salts
into underlying organs (Banerjee 1993). The presenceof
goblet cells in the non-sensory epithelium only is also
reported by Zeiske et al (1976) in cyprinodonts, Caprio
and Raderman-Little (1978) in lctalurus punctatus and
Datta and Deb (1989) in Oreochromis mossambicus.
Lowe and Macleod (1975) considered the micro-rid~es
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of the non-sensoryepithelium as structural sculpturing
and simple foldings of the cell surface. Theisen et at
(1980) proposed that the micro-ridge increasesthe area
of the non-sensoryepithelium. Bertmar (1972) and Zeiske
(1973) believed that the ridges improve hydrodynarnical
properties. A hypothesis, proposed by Whitear (1990)
postulates that the micro-ridges as such do not have any
specific function. It is merely a surface sculpturing of
the membranewhich is genetically controlled. However,
in the present study it seems that the micro-ridges of
non-sensoryepithelium give a firm supportto the delicate
epithelial surface thus providing a mechanicaladvantage
to combat the thrust occurring during the ventilation of
water.
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