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The olfactory organ of Oreochromis nilotica was studied by means of light and
scanning electron microscopes. The oval shaped olfactory apparatus consists of
19–20 lamellae radiating from a central raphe. The receptor epithelium occupies
the restricted area of the middle swollen region of the lamellae and is framed
with receptor cells (both ciliated and microvillous) and rod cells. The larger part
of the lateral surface of the olfactory lamella is covered with non-receptor epi-
thelium, which is made up of stratified epithelial cells and mucous cells. The
functional significance of various cells lining the olfactory epithelium of this fish
are discussed. (Folia Morphol 2011; 70, 3: 143–148)
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INTRODUCTION
The olfactory organ of fish directly interacts with

the environment; therefore, sensory cells of the ol-
factory epithelium detect water-soluble compounds
to convey information about the surrounding envi-
ronment. Olfaction plays an important role in medi-
ating behaviour, from feeding and predator detec-
tion to social interaction and also reproductive syn-
chrony [16]. Many reports are available on the mor-
pho-histological peculiarities of the olfactory epithe-
lium of fish [6, 7, 9, 13, 20]. As a complement to
those studies of histology, SEM has been employed
by different workers [1, 4, 11, 12, 23]. These studies
have revealed that enormous diversities exist regard-
ing the modification and distribution of the sensory
and non-sensory epithelium as well as an abundance
of various receptor cells in different teleosts. An at-
tempt has therefore been made in the present study
to examine the histology and the surface architec-
ture of the olfactory epithelium of Oreochromis nilo-
tica because in this way the function of the olfactory

organ may be better analysed in the aquatic ecosys-
tem. This fish lives in both freshwater and brackish
water and displays reproductive behaviour that may
be mediated through intraspecific communication
by pheromones.

MATERIAL AND METHODS
Living healthy adults of Oreochromis nilotica were

obtained from freshwater bodies. The fish were ana-
esthetised with MS 222. The olfactory rosettes were
perfused in vivo with 2.5% glutaraldehyde solution
in 0.1 M cacodylate buffer (pH 7.4) for 10 minutes.
The rosettes were then carefully dissected out from
the dorsal side under a stereoscopic binocular mi-
croscope. The adhering mucus was taken away by
rinsing in 1% Tween 40 solution. After being rinsed
in 0.1 M cacodylate buffer (pH 7.4), the tissues were
transferred to 2.5% glutaraldehyde solution for
24 hours at 4oC. After fixation the tissues were remo-
ved, rinsed in the same buffer pH 7.4 for 10 minutes,
and post fixed in 1% osmium tetroxide in 0.1 M ca-
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codylate buffer (pH 7.4) for 2 hours. The tissues were
subsequently dehydrated through a graded series
of acetone followed by isoamyl acetate and subject-
ed to critical point drying method with liquid car-
bon dioxide. After being dried the olfactory rosettes
were coated with gold palladium with a thickness
of approximately 20 nm and scanned in a Hitachi
S-530 SEM.

For histological study, some tissues were fixed
in Bouin’s fluid for 16 h and were subsequently de-
hydrated properly through a graded series of ethyl
alcohols, cleaned with xylene, and embedded in par-
affin. Sections were cut at 3–4 mm thick, and depa-
raffinised sections were stained with Delafield’s
Haematoxylin-Eosin stain.

RESULTS
According to SEM studies the oval shaped olfac-

tory rosette of Oreochromis nilotica occupies the
entire cavity of the olfactory chamber and is com-
posed of 19–20 club shaped radial lamellae (0.6 to
1 mm) radiating from a central raphe (Fig. 1). Each
lamella is dorsally attached to the wall of the ol-
factory chamber but ventrally rests on a limited space
of the raphe (Fig. 1). The size and shape of the lamel-
lae vary according to their position in the rosette.
A large part of the lateral surface of the olfactory lamella
is covered with non-receptor epithelium, whereas the
receptor epithelium occupies mainly in the middle
swollen region of the olfactory lamella (Fig. 1). Histo-
logically, the olfactory lamellae are based on a raphe
and are composed of two layers of olfactory epithe-
lium separated by a central core which is made up of

loose connective tissue, blood capillaries, and nerve
fibres (Fig. 2). The sensory olfactory epithelium is com-
posed of a large number of primary and secondary
receptor cells and mucous cells (Figs. 3, 4). However,
the dendrite process of each primary receptor cell ex-
tends as a narrow cylindrical process up to the free
epithelial surface. The secondary receptor cells are
mainly present below the primary receptor cells. The
nuclei of the primary and secondary receptor cells are
more or less oval (Fig. 4). In between the receptor
cells, rod cells and microvillus cells are distributed in
the olfactory epithelium (Fig. 3).

Under SEM study the surface of the olfactory
lamellae are also provided with restricted sensory
areas surrounded by broad areas of non-sensory epi-
thelium (Fig. 5). At higher magnification the sur-
face of sensory epithelium can be seen to have
a dense population of ciliated receptor cells and rod
cells (Fig. 6). They occur together but the rod recep-
tor cells dominate over the ciliated receptor cells,
which may be distinguished on the basis of the struc-
ture of the dendrite end (Fig. 6).

Histologically, the transitional zone of the sen-
sory and non-sensory olfactory epithelium is com-

Figure 1. Oval shaped olfactory apparatus showing olfactory lamel-
lae (OL) radiating from raphe (R). Note restricted swollen portion of
receptor epithelium of lamellae (arrows); SEM ¥ 50 [Figures 1–10:
Scanning electron micrographs (SEM) and histological photomicro-
graphs of the olfactory epithelium of Oreochromis nilotica].

Figure 2. Olfactory lamella (OL) based on raphe (R). Note the ar-
rangement of olfactory epithelium (OEP) separated by central core
(CC). Arrow indicates blood capillaries; Mallory’s Triple stain ¥ 150.
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prised of stratified epithelial cells, mucous cells, and
very few sensory receptor cells (Fig. 7). According to
SEM studies this transitional zone of the sensory and
non-sensory olfactory epithelial surface is provided
with compactly arranged, stratified epithelial cells
leaving sensory receptor cells in between (Fig. 8). In
the transitional zone and crypt region of olfactory
lamellae the microvillus receptor cells are somewhat
submerged into the thickness of the sensory recep-
tor cells (Fig. 9). Under SEM study the non-sensory
epithelium including raphe is represented by strati-
fied epithelial cells intercalated with the opening of
mucous cells. Furthermore, the apical surface of the
stratified epithelial cells are provided with a laby-
rinthine pattern of micro-ridges leaving shallow
channels in between (Fig. 10). Secreted mucin drop-

Figure 3. The sensory epithelium of olfactory lamella (OEP) show-
ing receptor cells (RC), microvillous cells (broken arrows), rod
cells (solid arrows), and mucous cells (arrow heads); CC indi-
cates central core; Mallory’s Triple stain ¥ 400.

Figure 4. Sensory olfactory epithelium (OEP) in higher magnifica-
tion showing primary (broken arrows) and secondary (solid ar-
rows) receptor cells (RC). Note the cylindrical dendrite process of
primary RC (arrow heads) and prominent nuclei (N) of primary and
secondary RC; Mallory’s Triple stain ¥ 1000.

Figure 5. Restricted areas of receptor cells (RC) surrounded by
non-sensory epithelium (NSE) provided with stratified epithelial
cells (SEC); SEM ¥ 3200.

Figure 6. Sensory epithelium provided with dense population of
ciliated receptor cells (broken arrows) and rod cells (solid ar-
rows); SEM ¥ 5000.
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lets are deposited over the micro-ridge surface of
the epithelial cells (Fig. 10).

DISCUSSION
The olfactory epithelium containing the olfactory

sensory neurons is typically located on the floor of the

olfactory chamber, which is often folded, forming ol-
factory lamellae [8]. Modifications of the olfactory
system may occur in some species through adapta-
tion to a specific environment [21]. The present study
reveals that the olfactory rosette of O. nilotica is al-
most oval in shape and consists of 19–20 club-shaped

Figure 7. Transitional zone of sensory and non-sensory olfactory epi-
thelium (OEP) showing microvillus receptor cells (solid arrows),
stratified epithelial cells (arrow heads), few receptor cells (broken
arrows), and mucous cells (MC); CC — central core; Mallory’s Tri-
ple stain ¥ 400.

Figure 8. Transitional zone of sensory and non-sensory epithe-
lium showing receptor cells (RC) and stratified epithelial cells
(SEC); SEM ¥ 3200.

Figure 9. Higher magnification of SEM view of the transitional
zone of sensory and non-sensory epithelium showing ciliated re-
ceceptor cells (RC) (solid arrows), microvillus RC (broken ar-
rows), and compactly arranged stratified epithelial cells (SEC);
SEM ¥ 6000.

Figure 10. Surface view of non-sensory epithelium showing defi-
nite arrangement of stratified epithelial cells (SEC) and the open-
ing of mucous cells (arrows). Note labyrinthine pattern micro-
ridges on SEC and deposition of mucin droplets (arrow heads) on
SEC; SEM ¥ 6000.
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lamellae arranged radially from a central raphe. Ac-
cording to Teichmann [17], the oval type of olfac-
tory organ falls under the category of eye-nose fish,
which means that this category of fish possess simi-
larly developed optic and olfactory faculties. The
distribution of sensory and non-sensory areas in
the olfactory epithelium is variable in fish [18]. In
O. nilotica the olfactosensory epithelium occurs only
in the form of islets located along the medial-late-
ral wall of the lamellae while broader part of the
lamellae are provided with non-sensory epithelium.
This is a unique feature of the non-sensory epithe-
lium in this fish. This arrangement may be due to
the fact that the islet part of the sensory epitheli-
um faces the flow of incoming water current and
hence possesses more cellular layers as well as
a rich population of receptor cells as compared to
the epithelium of the opposite side.

One of the most interesting features of the
present study is the histological identification of
primary and secondary receptor cells and their syn-
aptic connection. Furthermore, the axons of se-
condary neurons extend into the central core of the
lamella. In the present SEM study of the sensory
epithelium of O. nilotica the sensory epithelium
mainly consists of two morphologically distinct
types of receptor cells: ciliated and rod cells. How-
ever, the receptor cells with rod shaped dendrite
endings are distributed randomly in the epithe-
lium. This type of arrangement of receptor cells is
of special interest because they form part of the
olfactory transduction mechanism, are stimulated
by odour bearing substances, and also enable the fish
to detect food. In the present observation, the cilia-
ted receptor cells correspond to the type I cells of
Yamamoto and Ueda [19] indicates a more deve-
loped olfactory sensitivity and the rod cells to the
type IV cells of Ichikawa and Ueda [10] represent
the dendrite apical process of olfactory receptor cell.
On the other hand Muller and Marc [15] reported
the existence and ultrastructural integrity of rod
receptor cells but advocated against their recep-
tive nature in goldfish and catfish. However, on the
basis of experimental work and developmental
studies, Zielinski and Hara [24, 25] and Moran et
al. [14] established that the rod shaped process of
these cells represents the dendritic apical process-
es of olfactory receptor cells. In the present study,
in contrast to the ciliated receptor cells, the mi-
crovillous receptor cells had a slightly sunken apex.
This conforms to the findings of Camacho et al. [3]
regarding the olfactory epithelium of the sturgeon.

Zeiske et al. [22] and Chakrabarti and Ghosh [5]
observed that the ciliated and microvillous olfac-
tory receptor cells occur together in the olfactory
organ of Acipenser sp and Catla catla but in differ-
ent proportions. In O. nilotica the microvillous re-
ceptor cells might form a different olfactory trans-
duction mechanism for pheromones in the regula-
tion of reproductive activities. It is noteworthy that
the sensory epithelium of O. nilotica also provided
few mucous cells. This is perhaps an advantage for
the circulation of water and for the function of re-
ceptors. In the transitional zone of sensory and non-
sensory epithelium few ciliated receptor cells in
between stratified epithelial cells are responsible
for better monitoring of the water quality even up
to this zone. Furthermore, the non-receptor epithe-
lium and the epithelium of raphe consist of strati-
fied epithelial cells provided with labyrinthine pat-
tern micro-ridges on their apical surface that help
to hold the mucus film over the epithelium. There-
fore, such micro-ridges play a major role in pro-
tecting the sensory receptor cells from mechanical
as well as chemical injury. The mucin secreted by
mucous cells probably constitutes an important
medium in which the odorants are diffused. In ad-
dition, the mucin secreted from the mucous cells
of raphe probably helps the smooth flow of water
in the olfactory chamber by binding microscopic
debris which is ejected through the posterior nos-
tril. This is in conformity with the findings of Ban-
dyopadhyay and Datta [2] in the olfactory func-
tion of Heteropneustes fossilis.

ACKNOWLEDGEMENTS
The authors are grateful to Dr. Gautam Aditya,

Head of the Department of Zoology, Burdwan Uni-
versity for providing laboratory facilities and Dr. Sri-
kanta Chakraborty of the USIC, Burdwan University
for SEM works.

REFERENCES
1. Arvedlund M, Takemura A (2005) Scanning electron

microscopy of the peripheral olfactory organ in small
and large juvenile Apogon cyanosoma (Apogonidae:
Teleostei). J Mar Biol Assoc UK, 85: 1231–1234.

2. Bandyopadhyay SK, Datta NC (1996) Morphoanatomy
and Histology of the olfactory organ of an air-breath-
ing catfish, Heteropneustes fossilis (Bloch). J Animal
Morphol Physiol, 43: 85–96.

3. Camacho S, Ostos-Garrido MV, Domezain A, Carmona R
(2010) Study of the olfactory epithelium in the deve-
loping sturgeon characterization of the crypt cells.
Chem Senses, 35: 147–156.



148

Folia Morphol., 2011, Vol. 70, No. 3

4. Chakrabarti P, Ghosh SK (2010) Histoarchitecture and
scanning electron microscopic studies of the olfactory
epithelium in the exotic fish Puntius javanicus (Bleek-
er). Arch Pol Fish, 18: 173–177.

5. Chakrabarti P, Ghosh SK (2010) Histological and scan-
ning electron microscopical study of the olfactory epi-
thelium of the Indian major carp, Catla catla (Hamil-
ton). Folia Morphol, 69: 24–29.

6. Ferrando S, Bottaro M, Pedemonte F, De Lorenzo S,
Gallus L, Tagliafierro G (2007) Appearance of crypt neu-
rons in the olfactory epithelium of the skate Raja cla-
vata during development. Anat Rec (Hoboken), 290:
1268–1272.

7. Ghosh SK, Chakrabarti P (2009) Cellular architecture
and functional aspects of the olfactory rosette of Wal-
lago attu (Bleeker). Turk J Fish Aquat Sci, 9: 187–190.

8. Hara TJ (1975) Olfaction in fish. Prog Neurobiol, 5: 271–
–335.

9. Hara TJ, Zielinski B (1989) Structural and functional de-
velopment of the olfactory organ in teleosts. Trans Am
Micro Soc, 118: 183–194.

10. Ichikawa M, Ueda K (1977) Fine structure of the olfac-
tory epithelium in the gold fish, Carassius auratus. Cell
Tiss Res, 183: 445–455.

11. Jakubowski M (1981) Ultrastructure scanning electron
microscopy, transmission electron microscopy of the
olfactory epithelium in the eels, Silurus glanis L. (Silu-
ridae, Pisces). Z Mikrosk Anat Forsch, 95: 337–352.

12. Mana RR Kawamura G (2002) A comparative study on
morphological differences in the olfactory system of
red sea bream (Pagrus major) and black sea bream
(Acanthopagrus schlegeli) from wild and cultured
stocks. Aquaculture, 209: 285–306.

13. Mandal DK, Roy D, Ghosh L (2005) Structural organi-
zation of the olfactory epithelium of a spotted snake-
head fish, Channa punctatus. Acta Ichthyol Piscat, 35:
45–50.

14. Moran DT, Rowley JCIII, Aiken GR, Jafek BW (1992)
Ultrastructural neurobiology of the olfactory mucosa

of the brown trout, Salmo trutta. Micros Res Tech,
23: 28–48.

15. Muller JF, Marc RE (1984) Three distinct morphological
classes of receptor in fish olfactory organs. J Comp
Neurol, 222: 482–495.

16. Sorensen PW, Caprio J (1998) Chemoreception. In:
Evans DH ed. The physiology of fishes. CRC press, Boca
Raton, pp. 375–405.

17. Teichmann H (1954) Vergleichende Untersuchungen an
der Nase der Fishe. Z Morphol Oekol Tiere, 43: 171–212.

18. Yamamoto M (1982) Comparative morphology of the pe-
ripheral olfactory organ in teleosts. In: Hara TJ ed. Chemore-
ception in fishes. Elsevier, Amsterdam, pp. 39–59.

19. Yamamoto M, Ueda K (1978) Comparative morpholo-
gy of fish olfactory epithelium-III Cypriniformes. Bull
Japan Soc Sci Fish, 44: 1201–1206.

20. Zeiske E, Theisen B, Gruber SH (1987) Functional mor-
phology of the olfactory organ of two carcharhinid shark
species. Can J Zool, 65: 2406–2412.

21. Zeiske E, Theisen B, Breucker H (1992) Structure, deve-
lopment, and evolutionary aspects of the peripheral
olfactory system. In: Hara TJ ed. Fish Chemoreception.
Chapman and Hall, London, pp. 13–39.

22. Zeiske E, Kasumyan A, Bartsch P, Hansen A (2003) Early
development of the olfactory organ in sturgeons of the
genus Acipenser: A comparative and electron micro-
scopic study. Anat Embryol, 206: 357–372.

23. Zhang C, Yabumoto Y, Yaling C (1994) Scanning elec-
tron microscopy of gill, olfactory organ and barbel in
Triplophysa (Hedinichthys) yarkandensis (Pisces: Copiti-
dae), Sinozoologia, 11: 221–225.

24. Zielinski B, Hara TJ (1988) Morphological and physio-
logical development of olfactory receptor cells in rain-
bow trout (Salmo gairdneri) embryos. J Comp Neurol,
271: 300–311.

25. Zielinski B, Hara TJ (1992) Ciliated and microvillar re-
ceptor cells degenerate and then differentiate in olfac-
tory epithelium of rainbow trout following olfactory
nerve section. Micros Res Tech, 23: 22–27.


