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Abstract

Morphological asymmetry of olfactory bulbs (OBs) primarily based on quantitative estimate
of different subcomponents of OBs of right and left side as well as sexual dimorphism is
known. Here we report a unique case wherein an otherwise normal female adult albino rat
had right-left gross anatomical asymmetry of OBs. Quantitative estimation of its olfactory
glomerular subcomponent revealed that the means of glomerular diameter, cross-sectional
area and number per 100 sg mm on the left side were 0.50 £0.04 mm, 0.20 + 0.03 sq mm, 496
* 64 respectively as compared to 0.78 + 0.07 mm, 0.48 + 0.08 sqg mm, and 213.16 + 41.07 on
the right side and the difference observed between two sides of these three comparable pa-
rameters were highly significant (p<0.001). Interestingly, all these parameters from appar-
ently smaller looking OB closely matched with similar parameters from control and did not
differ significantly. It is concluded that the asymmetry of OBs observed in the present case
is due to an unprecedented enlargement of the glomerular subcomponent of the right OB

and not due to hypoplasia of left OB warranting further study.
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Introduction

Olfactory epithelium, the main source of afferent input to
the OB contains three types of cells namely basal cells,
supporting cells and sensory neurons wherein basal cells
are believed to be stem cells for both sensory neurons and
the supporting cells [1]. Ultra structural study revealed
that these neurons in adults lack intermediate filaments
[2]. OB is the first site for the processing of olfactory
information in the brain and signals from 1000 different
types of odorant receptors are sorted out in 1800
glomeruli [3]. New neurons are added to the olfactory
bulb throughout the lifetime of mammals. These new cells
are born in the subventricular zone and migrate to the ol-
factory bulb via the rostral migratory stream wherein
Prokr2 plays important role [4]. Diverse studies on olfac-
tory system include its role in modulation of maternal
behavior [5]; aging [6], and extraction of functional clus-
ters of glomeruli [7]. Experimental studies include lateral-
ized brain lesions on various behavioural responses [8, 9];
unilateral naris occlusion and cellular dynamics [10], bul-
bectomy-induced asymmetrical effects on hudding behav-
iour [11], role of phagocytic cells in the olfactory epithe-
lium [12] and effects of lead on OBs [13]. Like cerebral
right-left asymmetry reported in rat, mouse, rabbit and cat
[14,15,16], olfactory asymmetry has been shown in the

Current Neurobiology Volume 1 Issue 2

Accepted August 11 2010

brain of rat [17, 18], cat [19], and olfactory hypoplasia in
Prokr2 null mice [4]. In humans, MRI-based OB asym-
metry has been linked to Schizophrenia [19], and Parkin-
son’s disease [20] and Septo-optic dysplasia [21]. Re-
cently OB enlargement after rhinosinusitis treatment [23]
and loss of grey matter in cortical brain area as a result of
anosmia [24] have also been reported. However, literature
on the gross anatomical asymmetry is almost non-
existent. Here we report a unique case of an otherwise
normal adult female albino rat with gross anatomical
asymmetry between right and left sides of OBs which
prompted us to work out whether the asymmetry of OBs
is due to hypoplasia of smaller looking OB or else due to
enlargement of apparently larger looking OB.

Material and Methods

Gross

With prior permission from the Institutional Animal Eth-
ics Committee, during dissection of 10% buffered forma-
lin-perfusion fixed adult female albino rat we noticed
gross anatomical right-left asymmetry of OBs. Extra pre-
caution was taken to dissect both OBs intact along with
the whole brain. The brain thus obtained was photo-
graphed using digital camera [Olympus-SP-560UZ].
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Microscopic

Qualitative

OBs from both sides were processed together for paraffin
embedding to avoid incorporation of extraneous factors
which might affect the size of OBs at microscopic level.
10 pum-thick serial paraffin sections were cut using rotary
microtome. Every 10" section was stained with haema-
toxyline and eosin and light microscopic observations
were recorded using trinocular light microscope [Olym-
pus BX40, Japan] in sample photomicrographs. Similar
procedure was used to record observations from an oth-
erwise normal OB having no gross morphological asym-
metry.

Quantitative

In the present study attention was focused on the glome-
rular layer because in addition to its functional signifi-
cance in processing of olfactory signals [3], this layer is
superficial, well circumscribed and consists of multiple
units which can be delineated and counted. From repre-
sentative sections, all the glomeruli observed in the field
were outline in a polygon with the help of Motic software
(Fig-1C). With the help of area of the polygon and the
number of glomeruli falling in it, the area and diameter of
glomerulus was calculated for both sides separately. Simi

lar procedure was repeated for the glomeruli of normal
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OBs. Data was analyzed using students ‘t’ test and p
value was calculated using p value calculator from
GraphPad software.

Observations:

Gross

In orientation, shape, colour and surface features both
OBs were almost similar and the only difference noticed
was that the left OB appeared smaller from all directions
as compared to right (Fig. 1A).

Microscopic:

Qualitative

As compared to right OB the circumference of left OB at
almost identical level of section appeared lesser. Though
all laminae were intact but appeared decreased in their
thickness. Number of glomeruli observed per field was
more on the left as compared to right side while the size
of glomeruli appeared invariably larger on right than
those in the left OB (Fig-1B). Though the glomreli could
be easily demarcated and counted on both sides, the
periglomerular cells appeared more numerous on the left
side than those on the right side (Fig. 1D, 1E).

Figure 1. Photographs (dorsal view) of rat brain (A) with gross anatomical asymmetry of OBs. Note that the left OB
appears smaller than the right. Photomicrograph to compare both OBs (Lt and Rt) at lower magnification (B) x100.
Polygon used for quantitative measurements on olfactory glomeruli (C). Olfactory glomeruli at higher magnification

from left (D) and right (E) -X200. H & E stain
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Figure 2. Mean glomerular diamter from control as
compared to right and left OBs in the present case uder
study.
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Figure 3. Mean glomerular area from control as
compared to right and left side of olfactory bulbs of the
present case.
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Figure 4. Mean glomerular number/100mm? from control
as compared to right and left OBs from the present case.
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Quantitative: The means of glomerular diameter, glome-
rular cross-sectional area and number of glomeruli per
100 sq mm on the left side were 0.50 £0.04 mm, 0.20 +
0.03 sq mm, 496 + 64 respectively as compared to 0.78 +
0.07 mm, 0.48 + 0.08 sg mm, and 213.16 + 41.07 on the
right side and the difference observed among these three
comparable parameters from two sides of OBs were
highly significant (p<0.001). Comparison of similar pa-
rameters from normal control revealed no significant dif-
ference with left but highly significant (p <0.001) differ-
ence with right OB.

Discussion

The right hemisphere of the rat brain is believed to par-
ticipate preferentially in spatial and emotional behaviour
while sense of smell has been linked to both of them.
However, little is known about the anatomical basis of the
asymmetrical behaviour. Removal of right or left olfac-
tory bulb had asymmetrical effects on hudding behaviour
in rats [11]; age related atrophic changes in the olfactory
bulbs were at least in part secondary to the changes in the
olfactory epithelium [6]; occlusion of nares have pro-
found effects on the rate of neurogenesis in the olfactory
epithelium [10] with secondary effect on the OB but in
the present study, the rat was neither old nor it nares
showed any obstruction. Volumetric comparison of olfac-
tory subsections have shown significant asymmetry be-
tween two sides of OBs which was primarily due to the
larger right outer stratum while no significant asymmetry
was observed for the inner stratum [17]. In the present
study both outer and inner stratum appeared to be affected
uniformly but quantitative estimation for the inner stratum
is awaited. Moreover, in the present study the right-left
asymmetry in terms of quantitative estimates is almost
double. Study on the cat brain with respect to its weight,
size and thickness of cell strata of the OB and demon-
strated a significant correlation between the brain weight
and the body weight but OB size did not correlate signifi-
cantly with the body weight [19]. Comparison of the right
and left OBs with respect to the size and thickness of cell
strata showed no significant difference. Septo-optic dys-
plasia with olfactory tract and bulb hypoplasia has been
described [22] but in the present study the optic nerves on
gross examination appeared normal.

Interestingly, in the present study, the asymmetry was so
much pronounced that it could be noticed at a glance even
with naked eyes (Fig. 1A). Both light microscopic quali-
tative assessment and quantitative analysis have shown
that there grossly observed size of the OBs directly corre-
lates with size of their microscopic glomerular subcom-
ponents. That is, large size OB had larger glomuruli and
smaller olfactory bulb had smaller glomeruli and their
quantitative parameters also showed that the difference
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between two sided were highly significant (P<0.001).
Moreover, comparison with the similar data from the
symmetrical appearing OBs of control albino showed that
the mean values of its comparable parameters matched
closely with the smaller looking olfactory bulb (Fig. 2, 3,
4) and the difference between comparable parameters
were not significant. Thus, there are numerous literature
in favour of reduction in size of OB [17, 19, 10; 18, 22,
20, 21, 4, 23, 13, 24] explaining the cause of OB asym-
metry but literature on the actual enlargement of OB re-
mains almost nil. In the present study it is suggested that
the larger looking right OB (Fig. 1A) is actually large and
is possibly the real cause of asymmetry of OBs and such
type of unprecedented enlargement may be treated as
anomalous. The finding of the present study being unique,
which in the absence of relevant literature cannot be di-
rectly compared and thus making it a suitable case report.
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