: Zagazig Veterinary Journal, ©Faculty of Veterinary Medicine, N

g Zagazig University, 44511, Egypt. H i

‘; 3 Volume 48, Number 1, p. 67-78, March 2020 @/;
DOI: 10.21608/zvjz.2019.15534.1069 \.._M’ e

RESEARCH ARTICLE

Species Specific Structural Differences of the Main Olfactory Bulbs in Dog (Canis
Familiaris) and Goat (Capra Hircus)

Sally A.M. Mohamed"", Hoda F. A. Salem®, Lamiaa L.M. Ebraheim®, Eman I. El-behery® and
Nesma I. El-naseery*

!Department of Histology and Cytology, Faculty of Veterinary Medicine, Zagazig University,
Zagazig 44511, Egypt

Department of Anatomy and Embryology, Faculty of Veterinary Medicine, Zagazig University,

Zagazig 44511, Egypt

Article History: Received: 03/08/2019 Received in revised form: 12/09/2019  Accepted: 17/09 /2019

Abstract

The structural characteristic of the main olfactory bulb (MOB) shows species-dependent
variations. However, the correlation of such structure with olfactory function as well as with the
ecological and evolutionary behaviours is less understood. Therefore, the aim of the current
investigation was to elucidate the species differences of the structure of MOB in two
ecologically diverse species, dogs and goats. For that purpose, thirteen heads of each species
were obtained. The brains and the olfactory bulbs were dissected for anatomical, histological and
immunohistochemical analyses for detection of glial fibril acidic protein (GFAP) and
chromogranin A. Anatomically, the volume of the olfactory bulb to the whole brain volume was
higher in dogs (1.74%) than goats (0.57%). Histologically, the main olfactory bulbs were
organized in the following layers: the olfactory nerve layer (ONL), the glomerular layer (GL),
the external plexiform layer (EPL), the mitral cell layer (MCL), internal plexiform layer (IPL) ,
the granule cell layer (GCL) and a periventricular layer (PVL). Enormous number of
juxtaglomerular and mitral cells, thickness of GL, EPL and GCL were significantly greater in
dogs than goats. Immunohistochemically, the integrated density percentage of GFAP and
chromogranin A was significantly higher in dogs than goats. The average number of mitral cell
neurons in a standard area was significantly higher in dogs (6 £.37) than goats (3.16 £.31).
Therefore, our data suggested that such apparent structural difference of MOB between the dog
and the goat could be correlated with superior olfactory sensitivity and subsequently the
ecological and lifestyle behaviour of dogs.

Keywords: Main Olfactory bulb, Immunohistochemistry, Mitral cell, Olfactory glomeruli.

Introduction

The olfactory sense is unique, special and
playing a major role in general animal
awareness. It is used for find, recognize and
discriminate between foods, communicate,
interact,  navigate, recognize, predator
avoidance, mating, and territoriality [1,2].

Receiving and processing of odor occur by
the olfactory system either main or accessory
one. The main olfactory system comprises the
main olfactory mucosa and bulb [3].
Chemoreceptors that located in the mucosa of
nasal and oral cavities can differentiate the
flavor of different foods [2]. The main
olfactory bulb (MOB) is the first complex

(multilayered) structures which receive odor
stimuli and relay it directly to the central
nervous system by the olfactory receptor cells
(ORNSs) in the olfactory epithelium. These
stimuli proceeds in a hierarchical manner into
the olfactory bulb through the synapse of
ORNSs (primary neurons) axons with mitral
and tufted cells (secondary neurons) dendrites
within the olfactory bulb glomeruli [4-9]. The
MOB is composed of various types of main
neurons as mitral and tufted (M/T) cells and
interneurons as the periglomerular cells,
granule cells and glial cells. The latter cells are
detected by using antibodies against GFAP
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(glial fibril acidic protein as intermediate
filament protein) in their cell processes [10].
The synapses occur between different neurons
of the olfactory bulb are identified by using
antibodies against chromogranin A [11].

The dogs possess so amazing sense of smell
(primary special sense) using it for a wide
range of activities as catching the prey, in the
detection of narcotics and contraband
agriculture products, detect drugs, search for
lost individuals, homicide victims, and
forensic cadaver materials [2,12]. Also, the
goats have a low dependency on their sense of
smell for only grazing and reproduction
[13,14]. So, olfaction is varied between animal
species according to their habits, one of them
is the feeding habit as the dog is a carnivore
but the goat is a herbivore. Experimental work
on the dogs has exposed the presence of a high
olfactory acuity, which has emerged as
essential to their evolutionary success [12].
However, there is a shortage of structural data
to support the enhanced sensitivity of olfactory
systems in dogs. Most studies have focused on
the olfactory bulb structure of the rodents
[15,16]. Few studies has explored the olfactory
bulb structure in dog and goat and corelate the
result to the feeding behaviour of the animals
[17]. Therefore, the purpose of the current
investigation was to compare the structure
characteristic of the olfactory bulb among two
animal species; one with higher olfactory
capability as dog and the other with lower as
goat using anatomical, histological and
immunohistochemical studies (including the
localization of GFAP and chromogranin A
expression).  Moreover, the  possible
correlation between the structure of the MOB
with the ecological behaviour of each animal
species was investigated.

Materials and Methods
Animals and ethical considerations

This study was conducted on 13 adult
Balady female dogs (Canis familiaris) and the
same number of adult female goats (Capra
hircus). The dogs were purchased from the
laboratory animals research Center, Faculty of
Veterinary Medicine, Zagazig University,
Egypt. The animals were then kept under
observation for 2 weeks before the beginning
of tissues harvesting. The goats’ heads were
taken from local abattoirs in Zagazig, Egypt.
The protocol in this research has been
reviewed and approved by the Institutional

Animal Care and Use Committee (IACUC),
Zagazig University (ZUIACUC/ 2/F/57/2018).

Specimens harvesting

The doas were sedated by intramuscular
(IM) iniection of 0.05-0.15 ml / ka bodv
weiaht (BW) of xvla-iect
(Adwia Pharmaceuticals Co. Eaypt). The
animals were then anesthetized by intravenous
(IV) iniection of 20-25 ma/Ka BW of
thiopental (Pentothal: Hospira Healthcare
Corporation) [18]. After that., the animals’
common carotid arteries were cannulated then

perfusion was done with 4%
paraformaldehvde (PFA) in 0.1M phosphate
buffer for liaht microscopy and

immunohistochemistry. At the time of
dissection. the head was cut off and the lower
iaws were removed. The skulls of the animals
were removed usina a bone saw to expose
carefully the brains and the bulbs especially in
aoats. Finallv. the brains of both doas and
goats were dissected from the cranial cavities.

Scaling the volume of the olfactory bulb with
the whole brain

To examine the scaling of the OB with the
brain, we utilized 6 dogs and 6 goats
formalin-fixed brains with the olfactory bulbs.
The volumes of the whole brain (VWB) and
the olfactory bulb (VOB) were evaluated by
the volumetry of water immersion protocol as
mentioned previously [19]. In which the brains
of both dogs and goats were rinsed in
physiological saline and then suspended from
a stick connected to a stand with a good
thread. The brain was then submerged in an
electronic analysis of a 50 mL beaker
containing physiological saline. Care was done
to guarantee that the beaker's internal surface
was not touched by the brain. When the brain
sample was soaked, the change in weight (in

grams) of the physiological saline
corresponded to its volume (in milliters)
assuming the specific gravity of the

physiological saline is equal to one. The
OBs were at that time dissected from the
brains and their volumes were calculated by
the same method. Finally, comparisons of
VOB with whole brains VWB were expressed
as ratios (%). These ratios (%) were calculated
using the following formula: VOB/
VWBx100. The correlation coefficient
between the volume of olfactory bulbs (VOB)
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and whole brains (VWB) were statistically
measured in both dog and goat.

Tissue preparation for histological
immunohistochemical analyses

Dissected OBs of paraformaldehyde
perfused fixed brains from 6 dogs and 6 aoats
were immediately immersed with 4%
paraformaldehvde in 0.1 mole phosphate
buffer overniaht at 4°C then processed till
obtainina paraffin sections. Some paraffin
sections were deparaffinized and hvdrated,
followed by stainina with haematoxvlin and
eosin (H&E) for histoloaical analvsis [20].
The other deparaffinized sections were utilized
for  immunohistochemical  analvsis  as
described elsewhere [21,22]. Such sections
were hydrated then washed in phosphate
buffer saline (PBS) at pH 7.2 for 5 min. To
block the endogenous peroxidase activity,
these sections were immersed in absolute
methanol containing 0.3% H,0, followed by
rinsing with water and incubation with 10%
normal goat serum (blocking reagent) at room
temperature for 1h to reduce the non-specific
binding of immunoglobulins. Then the
sections were incubated overnight with the
primary antibody dilutions: rabbit polyclonal
anti-GFAP (Glial Fibrillary Acidic Protein)
(1:1000, Cat. No.ab7260, Abcam,Cambridge,
United States) and rabbit polyclonal anti-
Chromogranin A (1:200, Cat. No. ab45179,
Abcam, Cambridge,United States).

The specificity of primary antibodies for
dog and goat tissues was validated by using
normal rabbit 1gG on goat and dog nervous
tissues by concentration parallel to the
concentration of the primary antibodies as a
negative control. Then, the primary antibody
was incubated at 4°C overnight. After washing
with PBS, the sections were incubated with
biotin-conjugated goat anti-rabbit  1gG
antiserum (Histofine kit, Nichirei Corporation,
Tokyo, Japan) for 60 min. Then washed in
PBS, followed by incubation with streptavidin-
peroxidase conjugate (Histofine kit, Nichirei
Corporation, Tokyo, Japan) for 30 min.

and

The streptavidin-biotin  complex was
visualized with 3, 3’-diamino-benzidine
tetrahydrochloride (DAB)-H,0O, solution, pH
7.0, for 3 min. The sections were then washed
in distilled water and Mayer's hematoxylin
was used as a counterstain. Micrographs of the
sections were taken with a digital camera
(Leica EC3, Leica, Germany) connected to a
microscope (Leica DM500, Germany).

Morphometric analysis

For the morphometric study. six animals
were utilized per species. For measurina the
thickness of olfactorv bulb lavers, we used the
Imaae J analvsis software (Fiii imaae i; 1.51 n.
NIH. USA) and representative fields scattered
in the captured photomicroaraphs at 40x
maanification that were selected depends on
the presence of well-defined olfactorv bulb
lavers at  cross-sections of the 6
animals/species. The number of mitral cells
was also counted per standard field area
(49472um) at 400x magnification. In addition,
the intearated densitv percentaae of GFAP and
chromoaranin A immuno-positive expressions
were also measured in the captured
representative immunohistochemical fields at
40x maanification as mentioned previously
[231. In brief, we used immunohistochemical
imaaes wherein the brown areas were positive
reactions stained by DAB. The color
deconvolution was then applied to these
imaaes via H DAB matrices of an imaae J
software. On DAB matrices, the imaaes were
chanaed to arayscale imaae (Type — 8bit) then
the threshold was adjusted to detect only the
DAB positive according to the intensity. The
threshold parameter was constantly throuahout
analysis for all immunohistochemical images.
The averaae intearated density percentages for
both species were reported.

Statistical analysis

To analvze the numerical values obtained
from both doas and goats, we used the
Student’s t-test in the Statistical Package for
the Social Sciences (SPSS) software proaram
(version 16.0: Chicaco, USA). Data were
expressed as means + standard error (SE) .,
correlation  coefficient —and  statistical
sianificance were determined at 95%
confidence interval (p <0.05), n= 6/ group.
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Results

Anatomical features and volumes of the
olfactory bulbs

The olfactory bulbs (OBs) passed as two
separated segments in the anterior aspect of
the cerebral hemispheres and connected to
them via olfactory tracts. They were clearly
seen in the ventrolateral and ventral views in
dogs and goats, respectively (Figure 1A, B).
The dissected MOB of the dog was semi-
circular in shape with a ventrolateral rough
surface. Meanwhile, the goat’s bulb was
elongated in shape with only a rostral ventral
rough surface (Figure 1C, D).

Sagittal planes through MOBs appeared
multilayered concentrically arranged as onion-

like and their layers on both dorsal and ventral
sides with hardly detected olfactory ventricle
in the dog. However, only one ventral side of
non-uniformly thickness with a clearly
demarcated olfactory ventricle was detected in
goat (Figure 1E, F). The VOB was statistically
higher in the dog (1. 3 + 0.07 mm®) than in the
goat (0.65 + 0.04 mm?®). The ratio of the VOB
with the VWB was statistically greater in dogs
(1.74 £ 0.13) than in goat (0.57 £ 0.041). The
VOB in the dog was larger than the goat when
correlated with the whole brains (strong
negative linear relationship between them), r =
-0.9, P <0.05, (Table 1).

Figure 1: Anatomical features of the main olfactory bulbs from both dogs and goats. The main olfactory
bulbs (MOB) lying in ventrolateral (A) and ventral positions (B) in dogs and goats, respectively. The shape of
MOB is semi-circular in the dogs with a rough ventrolateral surface (C) and elongated in goats with a rough
ventral surface (D). Sagittal planes in MOB display their segments (L) on both dorsal and ventral sides in
dogs and only on ventral side in goats, with hardly detected olfactory ventricle "arrow" in the dogs (E) and
clearly demarcated one (OV) in the goats (F). Olfactory tract (OT), Left cerebral hemispheres (LCH) and

Right cerebral hemispheres (RCH) were observed.
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Table 1: Scaling the volumes of the olfactory bulbs with whole brains in both dogs and goats. Values are
means (mm®) + SE*, (N*=6).

Animals . .
Criteria Dog Goat Sig (2-tailed)
voB? 1.3+0.07* 0.65+0.04 0.00
vWg°® 74.3£1.9 114.7+¢1.1
Ratio: VOB to VWB (%) 1.74+0.13 0.57+0.041

! Standard error; * the number of animals; ° the volume of the olfactory bulbs; * indicate statistically significant
differences (P < 0.05) and ° the volume of the whole brains.

Histological features of the MOBs

Histologically, H&E stained
sections were shown in Figure 2 for
determining MOBs' layers in both animal
species. From outsides toward insides, the
MOBs were organized in the following layers:
the olfactory nerve layer (ONL), the
glomerular layer (GL), the external plexiform

layer (EPL), the mitral cell layer (MCL),
MOBs internal plexiform layer (IPL) , the granule cell
layer (GCL) and a periventricular layer (PVL).
IPL is well clear in the dog but not distinct in
the goat. Moreover, the ependymal layer (EL)
that lining the olfactory ventricle was founded
only in the goat.

ONL
J1IGL

EPL

MCL
IPL

GCL

Figure 2: Histological features of the main olfactory bulb layers. Hematoxylin and eosin (H&E) stained
sections from both dogs and goats showing the olfactory nerve layer (ONL), glomerular layer (GL), external
plexiform layer (EPL), mitral cell layer (MCL), internal plexiform layer (IPL), granule cell layer (GCL), the
periventricular layer (PVL), the ependymal layer (EL) and olfactory ventricle (OV). Higher magnifications
from both dogs and goats showing ONL of primarily olfactory nerve bundles (asterisks) that ensheathed by
glial cells of ovoid cell bodies (arrows) and pale cytoplasm (arrowheads), GL with glomeruli (G) and
juxtaglomerular cells (arrows), EPL neuropil (asterisks), MCL with single row of mitral cell bodies (arrows)
surround with numerous granule cell bodies (arrow heads), IPL neuropil with dispersed spherical cell bodies
(zigzag arrow) and GCL neuropil with cell bodies in form of fusiform bands (arrows) in the inner part
(GCL.i) then arrange in clumps (arrowheads) of several cells followed by a few cells and finally individual
(zigzag arrows) in the outer parts (GCL.o).
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The ONL constituted the outermost layer
and formed primarily of olfactory nerve axons
that ensheathed by olfactory ensheathing glial
cells (OECs) of ovoid cell bodies and pale
cytoplasm. Numerous processes of OECs
encircle a large number of olfactory nerve
axons in the dog. However, few processes of
OECs were enclosed a few numbers of
olfactory axons in goat. These olfactory axons
gathered together to constitute olfactory nerve
fascicle.

The GL lied just underneath ONL and
enclosed spherical masses- like structures
called glomeruli. They crossed the entire
perimeter of the olfactory bulb. In the dog, the
GL had large size glomeruli (450-460 pm
diameter) that occurred mostly single or in
pairs. In the goat, the glomeruli were small in
size (290400 pm in diameter) and usually
arranged in a double layer. A large number of
juxtaglomerular cells were in close association
and entered the glomerular neuropil. These
cells were surrounded by the entire glomeruli
in the dog, but they were mainly detected on
the lateral and ventral aspects of the goats
glomeruli.

The EPL of both species was the second
biggest layer situated between the GL and
MCL. The EPL was manifested by diffusely
distributed tufted cells throughout the whole
layer. The neuropil of EPL formed from the
dendrites of mitral cells, tufted cells, and
granule cells.

The MCL considered the thinnest layer that
contained a single row of mitral nerve cells
and numerous interneurons of spherical cell
bodies. Mitral nerve cells were large and
pyramidal in shape with dark basophilic
stained cytoplasm which housed single central
spherical nuclei in the dog. However, mitral
cells were small and elongated with central
ovoid nuclei in the goat. The difference in the
number of mitral cell neurons between both
animals was significant (P < .05) as the

average number of mitral cell neurons in a
standard area was 6 +.37 and 3.16 .31 in dog
and goat, respectively.

The IPL was deep to the MCL and
considerably thinner compared to the EPL. In
the dog, this layer had neuropil (axons of the
mitral cells and dendrites of the granule cells)
and granule cell bodies that arranged
individually, in pairs or in the linear cluster.
On the contrast, the IPL layer was hardly
demarcated in the goat.

The GCL was the deepest and biggest layer
of the MOB in both species. This layer
characterized by a large number of round to
ovoid granule cells. According to the density
and arrangement of the granule cells, the GCL
could be divided into inner and outer sub-
layers.

Regarding the inner sub-layers, the cells
were arranged in clusters of several cells, then
of a few or individual cells. The cells of the
outer sub-layers set very near to each other
constituting long, overlapping, fusiform bands
that are longer in the dog than the goat. The
goat had larger spaces in between cell bands
than in the dog.

The PVL (sub-ependymal) layer present
surrounding the entire circuit of the olfactory
ventricle in the goat and fills the entire center
of the bulb in the dog. The layer had a few
numbers of randomly arranged cell bodies and
a large number of tangentially directed axons.

The EL was detected only in the goat as a
last thin layer of the MOB and bordered the
lumen of the olfactory ventricle. This layer
possessed a very high density of nerve fibers
and few cell bodies. There are variations in the
thickness of olfactory bulb layers especially
the GL, EPL, and GCL, which were
significantly greater in the dog than the goat
P<0.05, (Table 2).
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Table 2: Comparison the thickness of the main olfactory bulb' layers of dog and goat. Values are means (um)

+ SE', (N°=6).

MOBs TTayers Animals Dog Goat Sig (2-tailed)
Olfactory nerve layer 602.07+302 504.95£166.97 0.47
Glomerular layer 315.5+31.7 244.9+39.8 0.04
External plexiform layer 346.95+37.5* 304.2452.5 0.02
Mitral cell layer 33.3£2.6 31.64+1.64 0.17
Internal plexiform layer 53.6+8.3 - -
Granule cell layer 568.1+12 * 732.83x74.11 0.000

! Standard error; 2 the number of animals; %, Main Olfactory Bulb;

Immunohistochemical analysis

We studied the expressions of the GFAP
and chromogranin A in the layers of MOBs
from both animal species (Figure 3).

Concerning GFAP-immunostained sections,
localizations of positive GFAP-
immunoreaction in the cytoplasmic processes
of neuroglia cells were heterogeneous in the
MOBs' layers in both dog and goat. GFAP-
immunoreaction was clearly expressed in the
inner portion of the ONL, periglomerular
regions of the GL and was poorly expressed in
the glomerular neuropil, EPL, PVL, and the
EL. Statistically, the mean value of integrated
density percentage of the GFAP immuno-
positive reaction in dog was 37.79 = 0.29
recording a significant increase when
compared with the goat (31.08 + 0.34).

4 indicate statistically significant differences (P < 0.05).

To demonstrate the main neurons of the
MOBs (mitral and tufted cells), the
immunohistochemical staining with anti-
chromogranin A was performed for MOBSs in
both animal species. A positive chromogranin
A- immunoreaction was localized to somata of
tufted and mitral cells. Such tufted cells were
distributed in the periglomerular region,
middle cells in the center of the EPL and
above the mitral cell. Also, mitral cells
dendrites forming neuropil of the EPL and
mitral cells’ axons forming neuropil of the IPL
displayed immunoreactivity in both dog and
goat. Dog's tufted cells were pronounced than
goat. The mean value of integrated density
percentage of positive chromogranin A
immunoreaction throughout MOBs' layers was
significantly amplified in the dog (28.10 +
0.44) than goat (22.79 + 0.31).
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Figure 3: Immunohistochemistry staining for glial fibril acidic protein and chromogranin A in the main
olfactory bulbs from both dog and goat. Positive GFAP immunoreactions are clearly expressed in the inner
portion of the ONL (arrows), periglomerular regions of the GL (arrows) and poorly expressed in the
glomerular neuropil (arrowheads), EPL, PVL, and the EL. Positive chromogranin A- immunoreactions are
localized to somata of the mitral cells (arrows), tufted cells (arrowheads) and mitral cells' dendrites (part of
neuropil in the EPL) and mitral cells' axons (part of neuropil in the IPL) in both dogs and goats. Brown color
indicates a positive reaction. Bar charts demonstrating integrated density percentages of the GFAP and
chromogranin A positive expressions in all the OB layers of both dogs and goats. Data are expressed as means
+ SE (n=6), * indicate statistically significant differences at (P < 0 .05) as determined using independent
student’s t-test. GFAP, glial fibrillary acidic protein; OB, olfactory bulb; ONL, olfactory nerve layer; GL,
glomerular layer; EPL, External plexiform layer.

These findings are similar to those described
in a previously published study [24] that the
adult African grass cutter olfactory bulbs were
visible on the dorsal brain view but the
elephant olfactory bulbs were hidden under the
frontal lobes [25].

Large number of olfactory nerve entered
the MOBs at the ventrolateral surface in dog.
Meanwhile, only at rostral part of goat giving
this surface the rough appearance. These are
indicative for large number of olfactory nerve
that enters the MOBs. Furthermore, the
volume of the olfactory bulbs was greater in

Discussion

We hypothesize that the variations of
MOBs' cytoarchitecture correlate with the
olfactory functional challenges in both studied
species and consequently their lifestyles.
Therefore, our study was designed to focus on
the differences in MOBs of bothdogs
(carnivore) and goats (herbivore), based on
anatomical, histological,
immunohistochemical and morphometrical
analyses in relation to differences in olfactory
functional needs.

In current study, MOBs' positions were
differed in both species. MOBs were
obviously seen at ventrolateral and ventral
brain views in dog and goat, respectively.

dogs than goats and MOB segments present on
both dorsal and ventral sides in the dog and
only on the ventral side in goat. This
difference in volume and segment distributions
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may be suggestive for the different olfactory
abilities of both species. The size of the
olfactory bulb decreases in relation to the
decrease in the functional needs of the
olfaction [17,26,27]. These reflect the better
olfactory function of the dog than the goat. We
also found that MOB of dog lacks olfactory
ventricle, but was large and clear in goat [28].
There are no described functional olfactory
differences between animals in which the
ventricle is either present or absent [28].

In the investigated dog, as in mammals, the
basic histological organization of the MOB
was with 7 layer; ONL, GL, EPL, MCL, IPL,
GCL and PVL is constant. Some studies
recorded the same result in the African
elephant [29], but other studies described 6
layers in rats [16]. In addition, IPL of the
examined goat was ill-distinct layer and this is
compatible with a previous study in sheep [30]
and other numerous studies in the elephant
[29,31].

The goat had PVL and EL unlike the dog
had only PVL that possessed the progenitor of
many olfactory bulb cells [32].

The GL is considered the functional units of
the MOB as the synaptic contact between
olfactory receptor axons and M/T cells occur
in it [33]. Therefore, species differences were
observed in the GL, particularly the olfactory
glomeruli structure is complex in animal with
well-developed olfactory abilities, as described
previously in elephant [29]. In contrast,
species whose olfactory senses are mediocre
developed, such as the domestic chicken
(Gallus gallus), showed ordinary glomerular
structure [34,35].

Our results clarified that the GL consisted
of olfactory glomeruli and periglomerular
regions. The olfactory glomeruli in goat were
small in size and arranged in double layer
unlike the dog, were larger and arranged in
one layer. This feature is characteristic in
many mammals, but it may reach up to 4
layers as in the African elephant [29]. It is
interesting that, the large number of
juxtaglomerular and glia cells was detected
around and within the olfactory glomeruli of
dog; this may have interesting implications for
olfactory information processing. On contrast,

these cells were lesser in goat as reported in
birds and fish [36], which did not have a well-
developed sense of smell.

Odor signals were processed within the
olfactory glomeruli then transmitted in the
EPL along the primary dendrite of M / T cells
[4]. The EPL of both examined species is
mostly occupied by diffusely distributed tufted
cells and dendrites of M/T and granule cells.
This layer is statistically greater in thickness in
the dog than the goat. These may be
contributed for more odor propagation occur
along the primary dendrite of M/T cells
[38,39].

Mitral cells are one of the MOB:' principal
neurons and their large somata were
constituting the MCL of both studied species.
The somata of mitral cell were pyramidal in
shape with central spherical nucleus in the dog
and small elongated with a central ovoid
nucleus in the goat. These result proved that
mitral cell somata has different shapes
according to the animal species [8,26]. There
was a significant difference in the number of
the mitral cell between both species. As a
result of the importance of mitral cells in
olfactory signal transduction to higher brain
centers, this difference may be the reason for
the high odor sensitivity in dogs than goat
[26].

The GCL is the largest layer of the MOB
[5]. GCL was very large in the investigated
dog when compared to the goat and contained
aggregates of tightly packed granule cell
somata. They synchronize their function via
gap junctions between them [32].

Our most important results of the ONL are
those of the olfactory nerve axons and OECs,
particularly OECs processes, which are not
uniformly distributed in the ONL of both
species.  Specifically, positive = GFAP-
immunoreaction is mostly restricted to the
inner portion of the ONL. Within this portion,
the OEC followed the olfactory axons that run
in complex courses and loosely arranged.
These results confirmed those obtained
previously in mouse [10] and rat [16]
suggesting that the glial process distribution
divide the ONL in to outer and inner sub-
lamina in both species and this may help be to
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potentiate signaling from the olfactory
receptor cells.
In this study, GFAP positive reactions

were strongly expressed in GCL beside PVL
in the dog more than the goat, which is typical
of results obtained by another study [16],
which suggested that glial cells processesed
help in the lateral migration of newly
generated cells from the PVL (the rostral
migratory stream) to the olfactory bulb, or
facilitate radial migration of new cells to the
GL where synaptic transmissions occur.

Mitral and tufted cells share certain
immunohistochemical properties. For instance,
their ~ immunopositive  reactivity ~ with
chromogranin A. The latter is a prominent
neuropeptide of the olfactory bulb and
biosynthesized in the somata of the M/T
neurons and periglomerular region of the
olfactory bulb [11]. It acts as a calcium-
binding protein, participating in calcium
sequestration and regulation of osmotic
pressure within chromaffin vesicles [40].
Consequently, tufted cells are considered as
smaller mitral cells and categorized into a
single group termed M/T cells as previously
mentioned [8].

Our result showed that chromogranin A
were differentially dispersed in the MOB
neurons and might perform specific functional
roles. Moreover, the integrated density
percentage of their immunoreactivity was
significantly augmented in dog than goat to
indicate higher olfactory cue in dogs.
Conclusion

In dogs, higher olfactory bulb volume to
whole brain volume was observed. The
presence of both MOBS segments, large
olfactory glomeruli with prominent variable
synapses, large numbers of juxtaglomerular
and mitral cells, and the prominent IPL has
been associated with excellent olfactory
abilities of smell, when compared to goats
with less olfactory abilities. These structural
variations in both species reflect on the
olfactory functional challenges and
subsequently the ecological and lifestyle
behaviors of these species. Dogs have the
ability for processing olfaction, distinguishing
various odors, and long-time memory of odors

is much stronger than that of goats. Moreover,
our study provides background information for
future work comprising more species and
advanced techniques.
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