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ABSTRACT

The diurnal African Striped Ground Squirrel (ASGS) (Xerus erythropus), is a member of the rodent order Rodentia and family
Sciuridae. Similar to most other vertebrates, the olfactory bulbs (OB) are located most rostrally in the brain and are an integral
component of the brain circuitry system responsible for the sense of smell. In this work, the layers and anatomical
characteristics of OB in the ASGS were examined. Six (6) adult ASGS were sourced from villages within Zaria Local
Government. They were housed in standard laboratory cages and fed with corn and carrot. Water was given ad libitum. The
squirrels were euthanized via the abdomen with an injection of ketamine HCL (80mg/kg BW), followed by transcardial
perfusion with10% buffered formalin. Craniotomy was carried out to expose the entire brain and the OB was carefully
harvested for histological evaluation. Six layers were visible in the olfactory bulb cortex, working their way inward from the
outside in. The cells observed were mitral cells, peri-glomerular, granular, and tufted cells. Interestingly, the glomerular layer
was observed to be a single layer cell type which is indicative of a good olfactory acuity. It was concluded that African Striped
ground squirrel’s one-layered cell thick glomerular layer is indicative of good olfaction and sense of smell giving the ASGS an
advantage for navigation in search for food and protection from predation.
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INTRODUCTION

An important component of the central nervous system
responsible for the sense of smell is the olfactory bulb, a
region of the vertebrate forebrain involved in the
perception and processing of information regarding odors
(Moore and Persaud, 2003; Hamilton et al., 2005; Nolte,
2007).

A diurnal rodent, the African Striped Ground Squirrel
(ASGS) is a member of the family Sciuridae, genus
Xerus, and species Xerus erythropus (Thorington and
Hoffmann, 2005). Two of the six identified subspecies,
Xerus erythropus erythropus and Xerus erythropus
chadensis, are found in Nigeria (Herron and Waterman,
2004). Adult ASGS has an average weight of 750g with
whitish underparts, a lateral stripe of completely white fur
that extends from the shoulders to the hips on both sides
(Herron and Waterman, 2004; Thorington and Hoffmann,

2005). It was suggested that the ASGS aids in seed
dispersal and uses the scatter hoarding method to bury
caches in the winter. The squirrel can locate these caches
using both memory and smell (Joanna et al., 2005; Legg
and Clayton, 2014). Squirrels are one of the small
mammal species that are most frequently eaten in
Southern Nigeria as an additional source of protein
(Ajayi, 1979; Adeola and Decker, 1987).

To identify and comprehend the comparative anatomical
features in relation to other rodent species, information on
a detailed descriptive investigation of the OB of the
ASGS is essential. It might also shed light on some of the
behavioral characteristics of this rodent in order to
improve breeding. Previous, neuro-anatomical studies on
the brain of the African striped ground squirrel were
limited to aspect of the brainstem and gross study of the
telencephalon (Ajeigbe et al., 2021; Abiyere et al., 2022).
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There is dearth of information on the cytoarchitecture of
the Olfactory bulb of the African striped ground squirrel.
This study was designed to describe the layers and special
anatomic features of the Olfactory bulb of ASGS,
thereby, generating very fascinating data on the olfactory
bulb of this species.

MATERIALS AND METHODS

In this study, six (6) adult African Striped Ground
Squirrel (Xerus erythropus), were sourced from
surrounding villages of Zaria Local Government. They
were kept in standard laboratory cages and fed with corn,
sweet potatoes and vegetables. Water was given ad
libitum.

The rodents were euthanized by injecting 80 mg/kg BW
of ketamine HCL intraperitoneally, lateral to the midline
next to the umbilicus (Molina et al., 2015). The thorax of
each animal was opened by making an incision from the
base of the neck down to the xyphoid. For proper fixation
of the brain, blood was drained via the right atrium and a
needle was inserted into the left ventricle for passage of
normal saline to flush and drain blood from the head via
the jugular vein to the cranial venae cavae into the right
atrium. This was instantly followed by 10% buffered
formalin fixative solution to fix the brain. Decapitation of
the ASGS was done at the atlanto-occipital joint.

The skulls were exposed by removing the skin and
musculature over it. A slit through the calvaria using a
handsaw was made to enhance the fixation. The exposed
skulls were placed in containers and allowed to fix in
10% buffered formalin solution for 72hours. The brains
were extracted according to the procedure described by
Ramaswamy (1978). The cerebrum was detached from
the brainstem as described by Fletcher (2006). The
olfactory bulbs were detached from the cerebral halves by
making a cut on the olfactory peduncles on the ventral
aspect of the brain.

The fixatives from the tissues were washed off with
distilled water. Dehydration of the tissues were done by
immersion in series of ascending concentration of ethanol
(70%, 80%, 90% and 100%) with a time interval of 1
hour for each stage of dehydration. The tissues were
cleared in xylene, infiltrated with molten paraffin wax,
according to standard procedure (Kiernan, 2007). Coronal
sections of 10um were made using a microtome (Model
42339, Berlin, Germany) after which the sections were
floated on lukewarm water in a floatation bath for
stretching. The sections were mounted on glass slides,
and then dried, de-paraffinized, stained and cover-slipped
using dibutyl phthalate and xylene (DPX) as the
mountant. Haematoxylin and Eosin was used as routine
stain, while, cresyl fast violet stain as special stain for
Nissl substance of neuronal cell bodies (Drury, 1980).
Digital eyepieces (SCOPETEK® DCMS500, Resolution
16M pixels) installed on a light microscope
(OLYMPUS® CH23, Germany) were used to take
photomicrographs. As a reference, the Atlas of Brain
Anatomy by Paxinos and Watson (1998) was used.
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Ethical Statement

The experimental procedure was given clearance by the
Ahmadu Bello University Committee on Animal Use and
Care (ABUCAUC) of experimental animals, with
approval number ABUCAUC/2021/070.

RESULTS

The result of this present study showed that there were six
olfactory bulb layers in the olfactory bulb of African
striped ground squirrel (ASGS); they include: the
olfactory nerve layer, the glomerular layer, the external
plexiform layer, the mitral cell layer, the internal
plexiform layer and the granule cell layer with a central
core of white matter called the medulla. The mitral cells,
the periglomerular cells, the granular cells and tufted cells
were the various cells identified in this study.

The olfactory nerve layer: This was the first and most
superficial layer of the main olfactory bulb with very
limited cell bodies stained with Cresyl fast violet.
(Figure.1)
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Figure 1: Coronal section of the olfactory bulb of adult African
striped ground squirrel showing Olfactory nerve layer (ONL);
Glomerular layer (GL); External plexform layer (EPL); Mitral
cell layer (MCL); Internal plexiform layer (IPL); Granule cell
layer (GCL) and Medulla (MD). Cresyl violet stain. X40

Glomerular layer: this is the second layer which was
composed of numerous periglomerular cells surrounded
by bundles of nerve fibers. (Figure 2)

Figure 2: Glomerular layer of the olfactory bulb in the adult
African striped ground squirrel showing Periglomerular cells (P)
and Glomerulus of the glomerular layer (G). Cresyl violet stain.
X400



The external plexiform layer: this form the third layer and
consist of abundant periglomerular cells that were similar
in shape to mitral cells but smaller in size to the mitral
cells. (Figure 3)

Figure 3: External plexiform layer of the olfactory bulb in the
adult African striped ground squirrel, showing Tuft cells of the
external plexiform layer (T). Cresyl violet stain. X400

The mitral cell layer and Internal plexiform layer: this
forms the fourth and fifth layer of the olfactory bulb.
This layer was observed to consist of large pyramidal
mitral cells and few periglomerular cells. (Figure 4)
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Figure 4: Mitral cell layer of the olfactory bulb in the adult
African striped ground squirrel. Showing Mitral cells of the
mitral cell layer (M) and Internal plexiform layer with ranule
cells (red double head arrow). Cresyl violet stain. X400

The Granular layer: This forms the deepest layer of the
olfactory bulb. This layer consists of numerous and
densely packed granular cells. In the center was an area
composed of white matter called the medulla (Figure. 5)
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Figure 5: Granular layer of the olfactory bulb in the adult
African striped ground squirrel. Showing Granule cells of the
granular cell layer (G). Cresyl violet stain. X400
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DISCUSSION

The olfactory system has been reported to have
influence on social life, survival, sexuality and breeding
of animals (Shipley et al., 2004; Amir and John, 2006).
The organization of the olfactory bulb (OB) in Adult
African striped ground squirrel (ASGS) is largely
typical as described for other mammals even as some
variations exist. In the present study, the six layers
Cytoarchitecture of the OB in the adult ASGS is in line
with the findings of Olude ef al. (2014) in Africa giant
rat (AGR). Conversely, 5 layers were reported in
African grass cutter (Ibe ef al., 2018) and four (4) layers
in African giant rat (Nzalak er al, 2005).
Comparatively, previous studies have also revealed up
to eight (8) layers in Elephant and other vertebrates
(Shoshani et al., 2006; Smitka et al., 2009) to include
the ependymal layer and external granular layer.

In this study, the periglomerular cells were closely
connected and distributed around the glomeruli. The
glomerular layer was one (1) layer cell thick. Two (2)
layer cell thick was reported in AGR (Olude ef al., 2014),
a 3-layer thick glomerular layer was reported in wistar rat
(Bukar, 2015) while four (4) layers cell deep was reported
in the African elephant (Ngwenya et al., 2011). This may
likely suggest that the ASGS may have a better olfaction
than the wistar rat, African giant rat and African elephant
because impulses can easily be conducted faster through
1 layered thick surface than a surface that is 2 or 3 layer
thick. The site for synaptic contact between the olfactory
receptor axons and the olfactory principal cell is the
glomerular layer which then act as the functional units of
the olfactory bulb (Chao et al., 1997).

Furthermore, the result of this study also revealed three
cell types in the OB; the granule cells, the mitral cells and
the tufted cells. The mitral cells appeared as the largest
and were pyramidal in shape similar to previous findings
in dogs by Wei et al. (2008). The internal plexiform layer
observed in the current study was a very thin layer and
one cell thick; it has a low cell density and few
periglomerular cells. The periglomerular and granular
cells are interneurons in the olfactory bulb. The granule
cell layer is typically described as the largest layer of the
OB. In the ASGS, the granule cell layer was the most
extensive and most of the neurons are granule cells like in
the African elephant (Ngwenya et al., 2011). The granule
cells were corpulent in shape and lied in the deepest part
of the olfactory bulb. Wei et al. (2008) also reported
similar findings in the olfactory bulb of dogs. These
features of the structure of the olfactory bulb make it
easier for information processing, and they also provide a
structural foundation for the spatial encoding of olfactory
information (Hamilton et al., 2005; Mori ef al., 2006).

CONCLUSION

The African striped ground squirrel's olfactory bulb
included six layers and many cell types, including mitral
cells, periglomerular cells, granular cells, and tufted cells.
However, the olfactory bulb's glomerular layer had a
single-layer cell type, suggestive of strong olfactory
acuity. Thus, it is possible that African striped ground



squirrels have a keen sense of smell which could be used
for navigation and protection from predators.
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