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ABSTRACT

The present study was carried out on clinically healthy and mature five dogs (Canis Familliaris)
of both sexes. The tissue specimens were obtained from the olfactory mucosa at the caudal part of the
nasal septum and the ethmo-turbinates bones after necropsy of the animals. It was designated to
investigate the olfactory mucosa by using electron microscope and immuno-histochemical technique in
order to obtain more information about the cyto-architecture of such mucosa in dogs. The results
showed that, the olfactory mucosa was formed of a superficial pseudo-stratified columnar ciliated
epithelial layer covered with mucoid surface layer, and deep lamina propria formed from loose
connective tissue. The epithelium comprised olfactory, supporting and basal cells in addition to secretory
scarcely scattered microvillous cells. The olfactory cell was abundant, and appeared spindle-like, its
dendprite had a peculiar bulbous and expanded olfactory knob associated with vigorous number of long
olfactory cilia projected into the free epithelial surface. The axonal hillock had distally extended axonal
fibers piercing the basal lamina and converged to form large axonal bundles at the lamina propria. The
supporting cells appeared to be wedged-like columnar cells with wide apical part impacted with secretory
granules and bearing microvilli intertwining with the olfactory cilia, and its distally tapering portion
inter-digitated with the lamina propria. The basal cells were irregular cells, and distinguished into
horizontal and globose basal cells. Both of the olfactory and supporting cells displayed deviated
developmental stages, as well as degenerated apoptotic cells, indicating the cyclic turnover of these cells.
As well, these cells had the usual cytoplasmic cell organelles, but the olfactory one had more abundant
mitochondria, meanwhile the supporting cells had more endoplasmic reticulum. With regards to the
immuno-reaction, the supporting cells had positive immuno-reaction for cytokeratin intermediate
filaments and vice versa, in the olfactory one, which lacked cytokeratin. The horizontal basal cells had
positive immuno-reaction for cytokeratin, and proposed to be the stem progenitor cells of the supporting
cells. Meanwhile, the globose cells had negative immuno-reaction for cytokeratin, so they proposed to be
the stem basal progenitor cells of olfactory one. GFAP positive reaction appeared at nerve bundles in the
lamina propria, while alpha smooth muscle actin showed strong positive reaction at the wall of blood
vessels. The lamina propria composed of loose connective tissue, containing exocrine tubulo-acinar
Bowman’s glands that contained mixed, mainly neutral muco-polysaccarides and bundles of olfactory
axons, in addition to vascular elements.
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INTRODUCTION
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It was an established fact, that the
olfaction is a vital sense in most mammals, as
the olfactory system detects and processes
chemicals in the environment providing long-
range information that is necessary for survival,
and many vertebrates rely mainly on olfactory
input for social interaction, food locating,

migration, reproduction and alerting to the
presence of predators (Morrison and
Costanzo, 1992b; and Walker, Hall, Walker,
Kendal-Reed, Hood, and Niu, 2003).

The dog has been known as a
macrosmatic animal which has an olfactory
acuteness  for  detecting of  odorant
concentration at level of 1-2 parts per trillion
(Smith, Bhatnagar, Tuladhar, and Burrows,
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2004; and Walker, Walker, Cavnar, Taylor,
Pickel, Hall, and Suarez, 2000).

The dogs have incredible sense of smell,
so they are utilized for many purposes like
sniffing and detecting of drugs, bombs, duds,
(Wells and Hepper, 2003; Hepper and Wells,
2005; and craven, 2008) and recently, cancer
melanoma (Pickel, Manucy, Walker, Hall,
and Walker, 2004)

From the hitherto found in the previous
literatures, the macro- and micro-anatomical
features and structure of the dogs’ nasal cavity
and its lining mucosa have been thoroughly
described and published by many authors such
as (Getty, 1975; Nickel, Schummer, and
Seiferle, 1979; Menco, 1980; Adams and
Wiekamp, 1984; Hirai, Kojima, Shimada,
Umemura, Sakai, and Itakurat, 1996; Evans
and de Lahunta, 2013; Frandson, Wilke,
and Fails, 2013; and konig and liebich,
2014). Meanwhile, the literatures concerned
with the ultra-structures of the olfactory
epithelium in dogs were scanty, so that the
present investigation was designated to throw
more light on the ultra-structure features as
well as to identify the specific cell types
constituted the cellular populations of the
olfactory epithelium in dogs, using electron
microscope, in addition to immuno-
histochemistry.

MATERIAL AND METHODS

The present investigation was carried-out
on the olfactory mucosa of clinically healthy
and mature five dogs of both sexes of native
breed (Canis Familiaris) ranging from 8-18
months age. The fresh skulls were collected
directly after necropsy of these animals, and
were submitted for longitudinal sections at

their median line as well as for transverse
sections at the fronto-nasal suture.

The tissue specimens of the olfactory
mucosa were excessed from distinct areas that
represented by: the caudal portion of the nasal
septum, the frontal sinus, the roof of the nasal
fundus and the entire mass of the ethmo-
turbinates. The tissue specimens were carefully
stripped from the underlying bones by aid of
the dissecting microscope; the collected
specimens were segregated and submitted for
special suitable fixations and processing
techniques.

For electron microscopic investigation
(scanning and transmission),the tissue were
prepared, processed, examined and
photographed under a JEOL JEM-2100 TEM
and a JEOL JSM 6510 Iv SEM according to
procedures adopted by Electron Microscopy
Unit, Mansoura University.

The tissue slides, which were utilized for
immuno-histochemistry were prepared,
sectioned at 5 um thickness, and mounted by
three types of anti-markers antibodies
according to (Shi, Guo, Cote, Young, Hawes,
Shi, Thu, and Taylor, 1999; Petrosyan,
Tamayo, and Joseph, 2002; and Furukawa,
Nagaike, and Ozaki, 2017) at Departments of
Pathology, Faculty of Medicine of both
Mansoura and Tanta University and Pathology
Laboratory of OCMU of Mansoura University.
The utilized antibodies were tabulated in
table (1).

The slides of the previous mentioned
technique were examined and photographed
under light binocular microscope.

The nomenclatures used during this work
were adopted by Nomina Anatomica
Veterinaria (2012) and Nomina Histologica
Veterineria (2018).
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RESULTS

A- Electron microscopy findings:

At the level of scanning -electron
microscopy investigation, the free luminal
surface of the olfactory epithelium revealed a
huge number of interspaced clutches
of intertwining fine filaments representing
uprightly oriented cilia and microvilli of
the olfactory and supporting cells respectively.
Such cilia did not have a wavy-like
arrangement of the respiratory cilia (Fig. 1).
As well, the main component cells of
the olfactory epithelium had become apparently
distinguished on basis of its electron texture
into; short basal cells with more electron
density, long supporting cells with moderate
electron density and fusiform olfactory cells
with electron translucent profile. Moreover
such epithelium revealed interlacing fine
membranous filaments (Fig. 2).

At the level of transmission electron
microscopy investigation, the main component
cell types of the olfactory epithelium became
clearly discrete and easily distinguished on
basis of their fine ultra-structures into;
olfactory, sustentacular and basal cells, in
addition to scarcely scattered apical microvillus
and apoptotic cells. Such epithelium was rested
on a thin delicate basal lamina.

The olfactory cells became clearly
evident and each of which was distinguished
into; long narrow supra-nuclear dendritic
portion, wide perikaryon and narrow short
axonal hillock. The dendritic portion appeared
to be drum-stick-like that had a long narrow
cylindrical rod- like stalk and enlarged dome-
like terminal end named the olfactory vesicle or
knob (Fig. 3). Such olfactory knob was
insinuated in between the supra-nuclear portion
of the supporting cells and protruded to nearby
or even onto the epithelial surface, where they

had peculiar surface extensions that anchored
and partially overlapped or even hidden the
free apical surface of the surrounding
supporting cells (Fig. 3& 4).

Numerous olfactory cilia were clearly
protruded from almost entire free surface of the
olfactory knob in standing and upright
direction onto the epithelial surface as they
interweaving with the surrounding microvilli of
the sustentacular cells. Such cilia were
appeared to be extended from the so-called
basal bodies or corpuscles, which aligned on
the interior face of plasma membrane of each
olfactory knob. Each cilium was a hollow long
cylindrical filament measured about 8um in its
length and 0.44 pm in its diameter, ended by
tapering end, and appeared to have a
characteristic structure of non-motile cilia, as
each cilium displayed the typical structure and
arrangement of nine peripheral doublets and
two axial microtubules. Moreover, the exterior
surface of each cilium was appeared to be
studded by an apparent fine pin granulation
point seemed to be sensory receptors (Fig. 3, 5
& 6).

The cytoplasm of the olfactory knob
appeared to be had electron lucent texture,
displayed the liner oriented pattern of the
electron dense ciliary basal bodies underneath
the plasma membrane of the free apical
surface, and revealed widely distributed rod-
like electron dense mitochondria, as well as
vesicles of both smooth and rough endoplasmic
reticulum. Moreover, the cytoplasm revealed
numerous electron lucent and irregularly
distributed oval or even rounded vesicles of
variable sizes and dimensions ranged from
0.18-0.94 um. As well, the dendritic stalk had
electron lucent cytoplasm, but had relatively
more abundant rough endoplasmic reticulum
nearby the nucleus and few mitochondria in
relation to the knob (Fig. 5, 6, 7 & 8).

The perikaryon of the neuron was clearly
colonized by a large oval or even oblong
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nucleus with irregular outline and surrounded
by a narrow rim of cytoplasm that contained
mitochondria. Such nuclei appeared to
mitotically active and contain two nuclei and
dispersed euchromatin (Fig. 3, 4 & 7).

The infra-nuclear axonal hillock was
appeared to be short conical or funnel-like that
succeeded by an apparent olfactory axonal
filament extended in between the basal cells
until piercing the basal lamina to gain the
lamina propria and contributed into nerve
fascicles. The cytoplasm of such portion was
electron translucent and had numerous electron
dense neuro-filaments and mitochondria (Fig. 3
& 4).

On the other side the olfactory epithelium
revealed scarcely scattered opaque apoptotic
olfactory cells, which had high electron density
associated with over condensation of both
nuclear and cytoplasmic organelles together
with nuclear deformity (Fig. 4).

The supporting cells were vertically
oriented columnar cells that extend the entire
thickness of the olfactory epithelium and
appeared to be long tapering slender or even
wedged or cone-like where they displayed a
long wide apical portion succeeded by narrow
and tapering one. The wide apical portion
lodged the nucleus and appeared to be
intercalated with the dendrites of the
surrounding olfactory cells, its free surface
bearing fine brushy microvilli that intervened
with the olfactory cilia. The tapering portions
were insinuated together with the axonal
filaments in between the basal cells to reach the
basal lamina (Fig. 3,9, 10 & 11).

The sustentacular cells displayed cyclic
secretory functional activity, where some of
which appeared to be still immature or gain
into quiescent resting phase, as it had no
secretory granules. Meanwhile, another cells
revealed vigorous secretory activity and had
abundant secretory granules (Fig. 9, 10 & 11).

In correlation with such secretory activity, the
nuclei of such cells became polymorphous, and
were pushed nearby the tapering narrow
portions. The cytoplasm of the quiet resting
cells displayed more electron density and
appeared to be rich in cytoplasmic organelles,
as they revealed many electron lucent spherical
cytoplasmic vesicles of variable size like those
observed in the olfactory cells, but they had
comparatively dimensioned size, electron dense
rod-like mitochondria specially at the tapering
part, together with spherical vesicles of smooth
and rough endoplasmic reticulum (Fig. 9). On
the other hand, the wide apical portions of the
functionally active cells were appeared to be
fulfilled with closely impacted secretory
vesicles containing secretory granules. At the
same time, the cytoplasm was represented by a
narrow rim with clear rod-like patches of
mitochondria. The nucleus appeared to be
pushed more distally by the accumulated
vigorous secretory end products (Fig. 10 & 11).
Also, the narrow tapering part was appeared to
be engaged in between the surrounding basal
cells, and had basal membranous indentation,
which interlocked with the wunderlying
connective tissue lamina propria. Moreover, its
cytoplasm was appeared to have electron dense
rod-like mitochondria as well as rough and
smooth endoplasmic reticulum (Fig. 10 & 11).
In addition to the three distinct component cell
types of the olfactory epithelium, the present
study revealed an apparent additional fourth
cell type. Such cells were scarcely scattered at
the apical portion of the epithelium, nearly
similar to the sustentacular cells, but they were
relatively short, and had sparse stubby
microvilli and electron lucent cytoplasm with
paucity of the cytoplasmic organelles, in
contrast to the usual supporting cells, so these
cells may be represented a transitional
developmental stage of supporting cell (Fig. 9).

The basal cells were located at the lower
portion of the olfactory epithelium and rested
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on a thin delicate electron translucent basal
lamina (Fig. 4). As well, these cells had
irregular outline, and displayed interspaces for
passage of both, the tapering process of
sustentacular cells and the axonal filaments of
the olfactory receptor cells during their way to
the basal lamina (Fig. 4 & 12). Also, these cells
revealed fine inter-membranous cytoplasmic
digitations with the surrounding cells.
Moreover, these cells displayed more electron
density, and each cell appeared to be closely
packed by a large voluminous nucleus with
narrow rim of cytoplasmic envelope. The
nuclei had irregular outlines, and appeared to
be polymorphous. Each nucleus contained one
or two nucleoli of high electron density and
dispersed euchromatin reflecting the high
mitotic activity of these cells. The cytoplasmic
rim of each cell appeared to be electron dense,
and had rod-like mitochondria of high electron
density. Furthermore, these basal cells were
clearly distinguished into basal horizontal and
globose cells. The horizontal basal cell was
deeply located to the globose one, and it had an
oval outline with its long axis nearly parallel to
the basal lamina, meanwhile the globose cell
had a globular or even pyramidal outline with
its long axis almost vertical on the basal lamina
(Fig. 12 & 13).

B- Immunohistochemical findings:

The immunohistochemistry investigation
of the olfactory epithelium was utilized by
using specific proteins anti-markers in order to
identify and approximate the position of the
component cells.

The monoclonal Cytokeratin 19 (MCF-7)
antibody exhibited positive moderate immune-
reaction at the supra-nuclear region of the quiet
and resting supporting cells, as well as at the
glandular epithelium of the Bowman’s glands,
but it exhibited more intense reaction at the
horizontal basal cells and at the infra-tapering
processes of the active secretory supporting
cells at the lower portion of the olfactory
epithelium as well as at the cytoplasmic rim
enclosing the apical secretions. Neither the
olfactory cells, nor the globose basal cells had
any reaction against cytokeratin antibody (Fig.
14 & 15).

Polyclonal anti GFAP antibody gave
positive strong immuno-reaction for inter-
fascicular glia fibrils of the nerve fascicles at
the lamina propria. Such axon bundles were
enveloped by a fibroblastic connective tissue
sheath. Otherwise, the olfactory mucosa gave
negative non-specific reaction (Fig. 16).

Monoclonal alpha smooth muscle actin
antibody gave strong reaction only at the interstitial
tissue fibers in-between the glandular acini, around
its exocrine duct, and at the walls of the blood
vessels. Otherwise, the olfactory mucosa gave
negative non-specific reaction (Fig. 17)

Table (1): The anti-markers antibodies have been used in this study:

Primary Antibody Source Clone Host Company Dilution Factor

) Monoclonal o

Cytokeratin 19 Human Mouse | Thermo-Scientific 1:50

MCF-7
GFAP Human | Polyclonal | Rabbit | Master Diagnostica 1:50
. Monoclonal DAKO

Alpha smooth muscle actin | Human Mouse 1:100

1A4 Code:MO0851
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Fig. (1): Scanning electron micrograph of the luminal surface of the olfactory epithelium of a dog at
septum nasi showing, inter-spaced clutches of intervening cilia and microvilli (arrow).
Bar =10 pm.
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Fig. (2): Scanning electron micrograph of the olfactory epithelium of a dog at septum nasi showing,
basal (B), supporting (S) cells with more electron density, and olfactory cells(O) and its
narrow dendritic portion (arrow head) with moderate or less electron density. Note: the
interlacing fine membranous fibers in-between cells (asterisk), and the nasal lumen (NL).
Bar =10 pm.
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Fig. (3): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-turbinates
showing, electron texture of olfactory (O), supporting (S) and basal (B) cells, perikaryon
(p), olfactory knob (k) of supra-nuclear dendrite stalk (d) and infra-nuclear axonal hillocks
(a) of olfactory cells, projected cilia (arrow) and microvilli (asterisk) at the nasal lumen
(NL). Note: the nuclei (n) and the nucleoli (ne) of the cells. Bar = 10 um.

Fig. (4): Transmission electron micrograph of the olfactory epithelium of a dog at septum nasi
showing, perikaryon (p) with localized euchromatic oblong oval nucleus (arrow head),
supra-nuclear dendrite stalk (d) and infra-nuclear axonal hillocks and filaments (a) of
olfactory cells (O), narrow tapering basal process (white arrow) of the supporting cells (S).
Note: pathway of both axonal fibers and basal processes (asterisk) in between basal cells,
polymorphic basal cells (B) with relative large nuclei (n), encircled with narrow
cytoplasmic rim, basal lamina (black arrow), and lamina propria (LP). Bar =5 um.
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Fig. (5): Transmission electron micrograph of the olfactory epithelium of a dog at septum nasi
showing, basal ciliary bodies (black arrow head), cilia (white arrow), electron translucent
multiple vesicles (black arrow), electron dense rode-shape mitochondria (M), and electron
dense spherical vesicles of smooth and rough endoplasmic reticulum (white arrow head) at
the olfactory knob. Note: the complex junctions (yellow arrow) between the olfactory cells
(O) and the adjacent supporting cells (S). Bar =5 pm.

Fig. (6): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-turbinates
showing, expanded free surface of the olfactory knob (k), cross section of both basal
bodies (white arrow head) and shafts (black arrow head) of cilia, nine peripheral doublets
and two axial microtubules of each cilia (yellow arrow), intervening of microvilli (black
arrow) in between the cilia, electron dense rode-like mitochondria (M), and electron dense
spherical vesicles of smooth and rough endoplasmic reticulum (white arrow) at the
olfactory knob. Note: the olfactory cells (O), and the secretory granules (asterisk) at the
supra-nuclear portion of the supporting cells (S). Bar =2 pm.
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Fig. (7): Transmission electron micrograph of the olfactory epithelium of a dog at septum nasi
showing, well organized peri-nuclear rough endoplasmic reticulum (black arrow), darkly
stained rod-like mitochondria ( black arrow head) at the dendritic stalk, euchromatic
nucleus (n) of olfactory cell with two nucleoli (ne). Note: apoptotic olfactory cell (A) with

nuclear deformity (yellow arrow head) and cytoplasmic condensation (yellow arrow). Bar
=2 um.

Fig. (8): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-turbinates
showing, overlapped expanded free surface of the olfactory knob (k) over the supporting
cells (S), basal bodies (white arrow head) of cilia, microvilli (asterisk) in between the cilia
(yellow arrow head), rode like mitochondria (M) and smooth endoplasmic reticulum
(black arrow head), and secretory granules (SG) of supporting cells. Bar =5 um.
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Fig. (9): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-turbinates
showing, electron texture of quiet resting supporting cells (S), multiple electron lucent
rounded small vesicles (black arrow head), electron dense rode-like mitochondria (M) and
spherical smooth endoplasmic reticulum (white arrow head). Note: the nucleus (n) and the
apical villi (white arrow) of supporting cells, apparent microvillous cell (yellow arrow)
with its short stubby microvilli, olfactory cells (O) with long cilia (black arrow), and
moderate electron dense scarcely scattered intraepithelial lymphocytes (L). Bar = 10 pm.

Fig. (10): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-
turbinates showing, wedge-like supporting cells (S) with its apical (yellow arrow head)
and foot-like process tapering (yellow arrow) portions, accumulated cytoplasmic secretory
end products (asterisk), and its nucleus (n) contained nucleolus (ne). Note: olfactory knob

(k), and basal body (black arrow) of projecting olfactory cilia (black arrow head). Bar = 10
pm.
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Fig. (11): Transmission electron micrograph of the olfactory epithelium of a dog at septum nasi
showing, insinuated narrow tapering part of secretory active supporting cells (yellow
arrow) in between adjacent olfactory cells (O) and its distal indentation with lamina
propria, electron dense rode-like mitochondria (black arrow), electron lucent rough
endoplasmic reticulum (arrow head), and secretory granules (SG) of supporting cells (S).
Note: the nucleus (n) of the olfactory cells. Bar =2 pm.

-

Fig. (12): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-
turbinates showing, globose basal (G) and horizontal basal (H) cells, mitotic nuclei (n)
surrounded by narrow cytoplasmic rim. Note: collection of nerve axons (yellow arrow) of
olfactory cells (O) at the lower part of epithelium before passing basal lamina (black
arrow), and supporting cell (S). Bar =5 um.
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Fig. (13): Transmission electron micrograph of the olfactory epithelium of a dog at ethmo-
turbinates showing, voluminous nucleus (n) of basal cells (B) with high mitotic activity,
contained two prominent nucleoli (ne), and encircled by narrow cytoplasmic rim that
contained electron dense rode-like mitochondria (white arrow) and rough endoplasmic
reticulum (arrow head). Note: the supporting cells (S). Bar =2 um.

Fig. (14): A Light photomicrograph of the olfactory mucosa of a dog at the septum nasi showing,
immuno-reactivity of Monoclonal Cytokeratin 19 (MCF-7) antibody exhibited positive
reaction at the supra-nuclear portion of the supporting cells (arrow), and at the glandular
epithelium of the Bowman’s glands (Bg) at the level of lamina propria (LP). Note: nasal
luminal surface of the epithelium (NL). Hematoxylin counter-stain. Bar =20 um.
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Fig. (15): A Light photomicrograph of the olfactory mucosa of a dog at ethmo-turbinates showing,
immuno-reactivity of Monoclonal Cytokeratin 19 (MCF-7) antibody exhibited intense
reaction at the horizontal basal cells (black arrow), the tapering process of secretory active
supporting cells (white arrow) at the lower part of the epithelium, as well as at the
cytoplasmic rim investing the apical secretions (white arrow head). Note: negative
immune-reaction at the globose basal cells (black arrow head) and olfactory neurons

(yellow arrow), Lamina propria (LP), and nasal lumen (NL). Hematoxylin counter-stain.
Bar =20 pm.
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Fig. (16): A Light photomicrograph of the olfactory mucosa of a dog at septum nasi showing,
immuno-reactivity of polyclonal GFAP antibody, strong reaction for the inter-fascicular
filaments of glia cells (arrow) at the large nerve fascicles that enveloped by a fibroblastic
connective tissue sheath (asterisk), and small nerve axons (arrow head). Note: the blood

vessels (V) and the ducts (D) of the Bowman’s glands acini (Bg). Hematoxylin counter-
stain. Bar =20 pm.
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Fig. (17): A Light photomicrograph of the olfactory mucosa of a dog at septum nasi showing,
immuno-reactivity of monoclonal alpha smooth muscle actin antibody, intense reaction for
the interstitial tissue fibers (arrow head) in-between the glandular acini of the bowman’s
glands (Bg) and its ducts (D), as well as at the wall of the blood vessels (arrow). Note:
negative nerve bundles (N). Hematoxylin counter-stain. Bar =20 pm.

DISCUSSION

The present study observed that the
olfactory mucosa attended yellowish brown
coloration in contrast to the bright red
coloration of the respiratory mucosa. Such
coloration was owing to lipid content in the
secretion of the Bowman’s glands (Evans and
de Lahunta, 2013). It covered the caudal part
of the nasal septum and ethmo-turbinates at the
nasal fundus. Such condition was correlated
with that mentioned in other mammals (Smith,
et. al., 2004). Further, the present observation
was correlated with that described by
(Pihstrom, Fortelius, Hemila, Forsman, and
Reuter, 2005; and Craven, 2008) in dog, as
who found that the ethmo-turbinates of dog had
more complexity and prominent folded
lamellae, thereby provided an extensive surface
for the olfactory mucosa and its contained

neuro-receptors  that  perhaps  predictive
morphological indicator for the olfactory
capability in dog.

The general cyto-architecture of the
olfactory mucosa of dog was closely similar to
that reported by (Ding and Dahl, 2003; and
Harkema, Carey, and Wagner, 2006), where
such mucosa was composed of a supertficial
epithelial layer of pseudo-stratified columnar
ciliated epithelium containing olfactory,
supporting and basal cells, and covered by a
mucus layer, as well as a deeper layer of
lamina propria of loose connective tissue.
Moreover, the present study revealed an
additional microvillar cells similar to that
recorded in man (Moran, Rowley, Jafek, and
Lovell, 1982; and Morrison and Costanzo,
1990) and dog (Okano, Weber, and
Frommes, 1967).

In agreement with (Menco and
Morrison, 2003; and Evans and de Lahunta,
2013), the sensory receptors of dog were
primary sensory bipolar neurons, which had
large perikaryons, apically directed dendrites
and basally extended axonal filaments. In dog,
the olfactory cells were recognized to be the
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most encountered cells of the olfactory
epithelium, in association with yielding many
axonal fibers pierced the basal lamina and
converging information of great axonal bundles
at the lamina propria. Such findings gave a
predictive excellent odor detection and
sensitivity in dogs.

Unlike, the large oval olfactory knob that
recorded in (Menco, Bruch, Dau, and Danho,
1992; and Menco, 1997), the olfactory knob of
dog had peculiar bulbous dome-like with
expanded free surface that gave rise to
significantly vigorous and much numbers of
protruded long cilia into the epithelial surface.
Such findings may permit a direct correlation
between the length and number of olfactory
cilia, and acute olfactory sensitivity in dog; as
such cilia were proved to be the loci of the odor
perception. Such interpretations were
supported by statement of (Getchel, Margolis,
and Getchell, 1984; and Getchel, Su, and
Getchell, 1993), as who said that, the odor
binding receptors were located within the cilia,
so they considered the primary site of initial
sensory transduction, where the odorant
molecules binding the receptors and create
receptor potential signals, as well as by
(Leinders-Zufall, Greer, Shepherd, and
Zufall, 1998) who stated that the cilia were
encircled with odorants, sensitive adenyle
cyclase and transductory enzymes.

In general with that observed in
vertebrates by (Morrison and Costanzo,
1992a), the olfactory cilia of dog were
intervening with the microvilli of the
sustentacular cells, thereby forming a blanket
layer submerged in the surface mucus layer.
Each cilium exhibited the typical oriented
pattern of the microtubules “9+2” of the motile
cilia, in spite of these olfactory cilia belong to
Kino-cilia, where non-motility was attributed
to the restrictive embedment of the mucus
layer.

The present study revealed that some of
the olfactory neurons had deviated, unusual
spindle-like form of the mature neurons
together with polymorphous nuclei, as well
some of the supporting cells revealed
heterogeneous population of deviated wedged-
like form of mature supporting cells. Such
observations suggested transitional,
intermediate developmental stages of both
olfactory and supporting cells during their
maturation. Furthermore, the olfactory
epithelium revealed apoptotic cells indicating
cellular regeneration. Such observations may
reflect that, the olfactory epithelium had
continuous turnover and the basal cells act as
stem progenitors cells for both olfactory and
supporting cells.

The fore mentioned observations and
postulations have been strengthened and
evaluated by (Schwob, Youngentob, and
Mezza, 1995), as who said that the induced
experimental damage of the olfactory mucosa
in mice followed by regeneration and
establishment of the normal cellular
architecture and the functional activity of such
epithelium. As well as, by statement of
(Caggiano, Kauer, and Hunter, 1994; Weiler
and Farbman, 1998; and Jang, Youngentob,
and Schwob, 2003), who recorded that the
olfactory  epithelium  had  continuous
regeneration probably related to its continuous
exposure to noxious environmental agents.

In agreement with (Morrison and
Costanzo, 1992b; and Huard and Schwob,
1995), the basal cells at the lower part of the
olfactory epithelium revealed continuous
mitotic activities, and they were distinguished
into horizontal and globose basal cells. Further,
both horizontal basal and supporting cells gave
intense immuno-reaction for cytokeratin
filaments characterized the epithelial cells.
Meanwhile, both of globose basal and receptor
cells gave negative immuno-reaction for
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cytokeratin, indicating lacking of cytokeratin
filaments in these cells. Such findings
suggested that, the horizontal basal cells were
the stem basal cells progenitor for renewing the
supporting cells. Meanwhile, the globose ones
were the stem basal progenitor cells for
renewing the olfactory cells. Such opinion was
confirmed in such ways as the present study
observed that the supporting cells had
ultrastructure  tono-filaments, and gave
immuno-reaction for cytokeratin, just finding
their designation as epithelial cells. Meanwhile,
the mature olfactory cells had no intermediate
neuro-filaments and gave negative immuno-
reaction for cytokeratin, just finding their
designation as unique primary neurons.
Furthermore, the fore mentioned postulations
have been confirmed by (Yamagishi,
Hasegawa, Takahashi, Nakano, and
Iwanaga, 1989; and Suzuki and Takeda,
1991) who said that, the mature olfactory cell
gave negative immuno-reaction when tested
with varieties of antibodies specific for neuro-
filaments. This negative reaction underlined the
exceptional nature of the olfactory cells, as
these cells are unique among ordinary neurons,
as they lacked intermediate neuro-filaments,
and they are not permanent, but continuously
turned over.

In agreement with (Okano, et. al., 1967),
the secretory active supporting cell of the dog
had wedged-like form, its web bearing a brushy
microvilli intertwining with olfactory cilia, its
apical wide part were impacted by positive AB
secretion, and its terminal process had foot-like
processes inter-digitated with underlying basal
lamina and lamina propria. Furthermore, these
cells formed many functions as glia-like within
the  neuro-epithelium  (Morrison  and
Costanzo, 1992b), secretion of acidic muco-
polysaccarides, as such secretion maintained
the ionic composition of the mucus layer, and
aid in oxidation of inhaled toxic agents.

In ultrastructure investigation, both of the
olfactory and supporting cells had prominent
cytoplasmic organelles, but the supporting cells
revealed more abundant both rough and smooth
endoplasmic reticulum owing to its secretory
nature, and had cytoskeletal tono-filaments.
Meanwhile, the olfactory cell lacked the
intermediate cytokeratin filaments, and had
more abundant mitochondria owing to its
significance in metabolism and oxidation of
these continuously active cells. As well as, the
present study revealed interlacing fine
membranous that provide intimate contact
between the adjacent cells in agreement with
(Rafols and Getchell, 1983).

In agreement with (Vollrath,
Altmannsberger, Weber, and Osborn, 1985;
and Lee, Park, Bang, Ahn, Moon, Kim, and
Shin, 2016), the bowman’s glands were located
at the lamina propria and belonged to the
tubulo-acinar exocrine and serous glands that
pouring their secretion onto the epithelium
surface via intra-epithelial ducts.

The present study revealed that, both the
supporting cells and the bowman’s glands were
constitute the secretory units of the olfactory
mucosa, and their secretion were contributes to
the surface mucus layer.

The present study observed that, the intra-
fascicular fibers encircled the axonal fibers
with the large nerve bundles gave positive
GFAP immuno-reaction, indicating presence of
astrocytes (Schwann glia cells of peripheral
axons), As well as wide distribution of
minutes, often large blood vessels nearby the
large axonal bundles, and appeared positively
reacted with alpha smooth muscle actin
antibody. Such relation may serve to facilitate
the delivery of the nutrient and oxygen to the
deeply positioned olfactory ensheathing glia
cells.
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