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Abstract: Long standing hyperglycemia is generally associated with a decline in the chemical senses including smell due to
its unfavorable destructive effects on the small sized neurons of the Olfactory bulb (OB). Accordingly, the current study was
aimed to analyze the effect of experimental hyperglycemia on OB of albino rats. To detect a possible change on the olfactory
bulb during hyperglycemia, 36 albino rats were divided into six groups of six rats each and were designated as control, two
week, one month, two month, four month and six month respectively. Diabetes was induced with single dose of streptozotocin
(STZ-60 mg/kg, IP). The inductions of diabetes were confirmed by measuring the blood glucose levels in the tail blood with a
Glucometer. At the end of each experimental period animals were euthanized by deep ether anesthesia and blood samples were
collected by direct puncture of heart for biochemical analysis. Animals were perfused with Karnovsky fixative. After two days
tissue specimen were collected and processed for light microscopic studies. Biochemical analysis of serum revealed increased
serum creatinine and reduced serum total protein. Histopathology and histomorphometry of OB revealed that the progressively
increasing duration of hyperglycemia was associated with noticeable decreased diameter of OB glomeruli, decrease diameter
of mitral cells and thickening of supporting connective tissue around the OB and blood vessels. It is concluded that the
association of the long-standing hyperglycemia with frequent occurrence of hypercellular glomeruli and misplaced mitral cells,
decreased diameter of OB glomeruli and mitral cells, subtle laminar disarray and added deposition of collagen fibers around
OB and blood vessels appear to be important contributing factors responsible for the derangement of olfactory function in
diabetics.
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oxidative stress, due to insulin resistance and insulin
deficiency, could be important contributing factors in the
development of hyperglycemia-induced olfactory
dysfunction [6, 7]. Oxidative stress has been shown to cause
mitochondrial dysfunction which is followed by neuronal
apoptosis [8]. Smell and taste are essential in selection and
enjoyment of nutrition and food [9, 10]. The olfactory bulb is
one of the elongated structures located above cribriform plate
of ethmoid bone having collection of olfactory nerve cells
that receives impulses from the olfactory nerves of the nasal
mucosa and continues as the olfactory tract [11]. Pathological
changes in OB result in increased taste dissatisfaction [12].
Previous studies have reported olfactory dysfunction in
individuals with diabetes mellitus, but the etiology is
unknown and researcher suggested that the changes were

1. Introduction

Diabetes mellitus is a group of metabolic disorders
characterized by a chronic hyperglycemic condition resulting
from defects in insulin secretion, insulin action or both [1]. In
hyperglycemia, oxidative stress plays a central role in cellular
injury through specific mechanism of superoxide production
leading to insulin resistance, beta cell dysfunction, and
impaired glucose tolerance leading to high risk of diabetic
complications [2, 3]. High neuronal glucose levels after
persistent hyperglycemia leads to glucose neurotoxicity [4]
and prolonged high intracellular glucose in neurons directed
to a wide range of functional and structural disorders in
various region of nervous system [5]. High cytosolic
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associated with macro vascular disease, such as ischemia to
the olfactory area, impact negatively on olfactory ability [13]
and impaired ability to sense glucose [10]. Olfactory
dysfunction has been reported in association with macro
vascular complication to olfactory area and ageing [13].
However, clear pathology and clinical significance of
olfactory dysfunction in the form of anosmia in relation to
the chronic diabetes remains unclear [14].

Many other studies showed that diabetic patients have
increased odor detection threshold, decreased odor-
identification ability, and increased risk of anosmia [14, 15,
and 16]. Another study observed that the diabetes leads to
loss of olfactory sensory neurons with accompanying
reduced olfactory discrimination [17]. Other researchers [18,
19] have tried to demonstrate abnormalities in different
lamina of olfactory bulb and nerve fibers without using any
special stain. Therefore, the current study is aimed at
demonstrating these and possibly other changes in the
arrangement of glomeruli, mitral cells, nerve fibres and
laminar structure by using special staining for collagen
staining (PSR) and myelin (LFB) with CV staining in
conjunction with histopathological, histomorphological and
biochemical parameters in experimentally induced diabetic
rats after 2W, 1M, 2M, 4M and 6M periods.

2. Material and Methods

2.1. Animal Preparation

After approval from Institutional Animal Ethics
Committee (No: 9025/2014) the present work was carried out
36 albino rats of either sex weighing approximately 250g
obtained from central animal house, AMU, Aligarh. Prior to
commencement of the experiments, all animals were placed
to clean well ventilated and properly maintained new
environmental condition for a period of one week were
supplied standard pellet diet and water ad libitum and
maintained on a 12/12 h light/dark cycle.

2.2. Experimental Design

A total number of 36 animals were divided into following
six groups having six rats in each group: (1) Non-diabetic
healthy Control, age-matched (2) Diabetic Experimental
groups: Two week, (3) One month (4) Two month (5) Four
month and (6) Six month.

2.3. Induction of Diabetes

After 12 hour fasting, experimental diabetic model was
induced by single dose of streptozotocin (STZ) (60 mg/kg,
aqueous sol., I. P). Blood sugar level was monitored with
Glucometer (Dr Morepen Gluco One BG03 Blood Glucose
Meter) from the blood obtained from lateral tail vein before
beginning of experiment and after P day streptozotocin
injection. Animals with blood sugar level 250 mg/dl and
above were considered as diabetic. Both body weight and
blood glucose levels of all animals in each group were
monitored biweekly.

2.4. Tissue Preparation

After assigned periods all experimental and age matched
control animals were euthanized with over dose of ether
general anesthesia and perfusion-fixed with Karnovsky’s
fixative.

2.5. Histopathology and Histomorphometry

Olfactory bulb from both sides were carefully dissected
out and processed for paraffin embedding. Five um thick
sections were stained with Hematoxyline & Eosin (H & E),
Cresyle Violet (CV) and Picro Sirus (PSR). Only H & E and
CV stained sections were used for measuring glomerular and
mitral cell diameter. Random photomicrographs were
recorded under x 400 magnification of trinocular microscope
(Olympus, BX40, and Japan) by digital camera (Sony 18.2
MP, Japan) and measurements were made by using software
Motic image version 2.0. Sufficient numbers of random
images were taken in order to get 100 mitral cells having a
well defined nucleus visible nucleolus. 100 randomly
selected glomeruli having homogeneous central neuropil
surrounded by peri-glomerular cells were used for the
histomorphometry. Data achieved from these used to
calculate the mean diameter of glomeruli and mitral cells in
different groups.

2.6. Biochemical Estimation and Analysis

Blood glucose levels were measure from lateral tail vein
blood at biweekly interval with the help of Glucometer. At
the end of each study period blood samples were obtained
from direct puncture of heart and collected into sterilized
plastic vials. Samples were allowed to clot, centrifuged at
2500 rpm for 30 minutes, the serum was separated and stored
in sterile plastic vials and subsequently assayed for serum
total protein content and serum creatinine level by using
Avantor Benesphera™ clinical chemistry Analyzer C61.

2.7. Statistical Analysis

The data related to diameter of glomeruli as well as mitral
cells, serum total proteins and serum creatinine level were
statistically analyzed and the significance calculated using
one way ‘ANOVA’ followed by Tukey’s test. All numerical
values were expressed as Mean + SD and the value of P<0.05
was considered as statistically significant.

3. Results

3.1. General Observations

During the experimental period, STZ-injected rats showed
classical clinical manifestations of diabetes such as
polydipsia, polyuria and polyphagia.

3.2. Body Weight

It was observed that the mean body weights of all diabetic
groups reduced compared to age-matched control group
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during experimental period. However the changes compare
between age matched control and 2W diabetic group were
statistically not significant (>0.05) but the reduction was
significant (P<0.05) in all remaining diabetic groups as
compare with age-matched controls.

3.3. Blood Glucose Level

After 48 hours of induction the blood sugar level in all
diabetic groups often remained above 500 mg/dl which
remained significantly (P<0.01) high throughout the
experimental period as compared with the age-matched
controls.

3.4. Microscopic Observation

3.4.1. Histopathology

In H&E and Cresyl violet -stained sections of the olfactory
bulb laminar organization of both control and diabetic groups
showed the same basic cellular heterogeneous architecture,
having six concentric layers from outside to inside: olfactory
nerve layer (ONL), glomerular layer (GL), external
plexiform layer (EPL), mitral cell layer (MCL), internal
plexiform layer (IPL) and granular cell layer (GCL). In
general, the location and laminar arrangement of right and
left OBs were almost identical in all groups. However, over
all the left side OB appeared smaller in all dimensions along
with the reduction of laminar thickness in all groups as
compared to right OB possibly reflecting right/left
asymmetry (Figure 1). The ONL contained unmyelinated
axons of the olfactory neurons and occasional aggregation of
less organized supporting cells. In the current study,
disturbed architecture of the olfactory bulb was observed
with subtle alteration of normal laminar organization in 4M
and 6M diabetic groups (Figure 2). In CV and H&E stained

sections GL revealed different sized glomeruli as well
defined areas; each of the typical glomerulus was surrounded
by juxtaglomerular neurons where neuronal cell bodies were
not observed inside the glomerulus. Poorly organized
glomeruli were clearly observed in 4M and 6M diabetic
group as compared to all other groups (Figure 2). Atypical
hypercellular glomeruli as well as multilayered glomeruli
were observed in 2M onwards diabetic groups (Figure 3B,
3C). The EPL consisted of nerve fibers and glial cells. In the
current study all diabetic groups revealed rather atypical
position of mitral cells extending into EPL and GL and in
one sample of 1M (Figure 3A). Deep to EPL narrow MCL
showed cell bodies of mitral cells, inter neurons and glia
which are a discontinuous, widely spaced and arranged
usually in single row. Mitral cells in MCL had Nissl
substance in the cell body, had euchromatic nuclei and
prominent nucleoli. In all groups the MCL could not be
discriminated throughout from IPL. In 4M and 6M diabetic
group, the mitral nerve cells appeared distorted, smaller;
shrunken and with some having perineuronal spaces (Figure
4). Misplaced mitral cells were commonly seen in all groups,
but were more clearly visible in 1M and 2M diabetic group
(Figure 3). Lipofuscin pigments could not be observed even
in advanced diabetic group (Figure 5). IPL did not reveal any
remarkable change. GCL consists of numerous small granule
nerve cells. In 2M, 4M and 6M experimental groups,
disorganization with loss of normal arrangement of the GCL
as compared with age-matched control was noticed. The
intra-bulbar capillaries were seen all laminae of OB. In
control group, the connective tissue around the olfactory
bulb, nerve fibers and blood vessels had fewer collagen
fibres. However in 6M diabetic group the collagen fibres
revealed added thickening (Figure 6).

Figure 1. Photomicrograph of OBs from control showing their laminar structure: (1) ONL (2) GL (3) EPL (4) MCL (5) IPL and (6) GCL. Note that the OBs of
both sides look almost similar in structure with minor asymmetry in their overall size and thickness of laminae; the left OB being smaller with thinner laminae.

H&E stain. Initial magnification X 40.
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Figure 2. Photomicrograph of OBs showing the different diabetic groups. Lesser organized glomeruli were clearly observed in 4M and 6M diabetic group as
compared to all other groups. CV stain. Initial magnification X 400.

Figure 3. Photomicrograph of OBs from diabetic groups: (A) showing many misplaced mitral cells in EPL (A) in IM (B) showing hypercellular atypical
glomerulus (—) in 2M and (C) showing multilayered glomeruli (1), also in 2M. CV stain. Initial magnification X 400.

Figure 4. Photomicrograph of 6M diabetic group OBs (4) showing the aggregation of juxtaglomerular cells in inter glomerular space (1) and (B) showing the
pericellular space around mitral cells (N). CV stain. Initial magnification X 400.
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Figure 5. Microscopic images from OBs, showing both under visible light (4) and fluorescent (B): aggregation of mitral cells in 6M diabetic group. Lack of
autofluorescence in perikaryia suggests absence of lipofuscin pigment. Initial magnification X 1000.

Figure 6. Photomicrograph showing the glomeruli (1), blood vessel (N), Collagen fibers (», red colour) seen around the OB and in the perivascular supporting
tissue of control and 6M diabetic groups. Note the thickened numerous collagen fibers in 6M group. PSR & LFB stain. Initial magnification X 200.

compared with age- matched control. However it’s
significant (P<0.05) only in 4M and 6M diabetic groups as
compared with to age-matched control group (Figure 7).

3.4.2. Histomorphometry
The histomorphometry of glomeruli revealed decrement of
mean diameter of the glomeruli in diabetic group as

Figure 7. The mean diameter of glomeruli significantly (P<0.05) reduced in 4M and 6M diabetic groups as compared with age-matched control group.



International Journal of Clinical and Experimental Medical Sciences 2017; 3(4): 47-56 52

Among 100 mitral cells having prominent nucleolus were
selected to obtain mean diameter. Results show that in the
2W and 1M diabetic groups the mean diameter of MC were
less but not at significant (P>0.05) level. But in 2M, 4M and

6M diabetic group the mean diameter decreases at significant
level (P<0.05) as compared to age-matched control group
(Figure 8).

Figure 8. The mean diameter of mitral cells significantly (P<0.05) reduced in 2M, 4M and 6M diabetic groups as compared with age-matched control group.

3.5. Biochemical Analysis

The serum creatinine levels were significantly (P<0.05)
increased in all diabetic group except 2W diabetic group as
compared to age-matched control group. However serum

total protein levels significantly (P<0.05) decreases in all
diabetic groups as compared to age matched control group
(Table 1).

Table 1. In all diabetic groups the serum total protein levels significantly (P<0.05) decreased compared to age matched control group. Serum creatinine levels

were significantly (P<0.05) increased in all diabetic groups except 2W (P>0.05).

Parameter Group 2W 1M 2M 4M 6M

Serum total protein (2/dl) Cvontro'l 5.97+0.04 5.95+0.05 5.99+0.03 6.01+0.01 5.98+0.05
Diabetic 5.23+0.01 5.124+0.03 5.00+0.07 4.05+0.03 3.96+0.04

Serum Creatinine (mg/dl) C‘ontro‘l 0.43+0.02 0.42+0.06 0.45+0.05 0.44+0.07 0.43+0.04
Diabetic 0.45+0.07 0.63+0.08 0.78+0.03 0.93+0.09 1.06+0.05

4. Discussion

Diabetes mellitus is a world’s fastest growing common
heterogeneous metabolic disorder of carbohydrate, fat and
protein metabolism that has been shown to affect both
peripheral and central nervous systems [20, 21] characterized
by insufficient amounts of insulin, or in which tissues fail to
respond appropriately to insulin, in terms of glucose
resistance and glucose intolerance, which leads to
hyperglycemia [22, 23 and 24]. In the long term, diabetes
may lead to well-known potentially serious secondary
complications in several organ systems especially those that
are insulin insensitive organs like kidney, neurons and retina;
however = CNS  disorders include alterations in
neurotransmission,  electrophysiological  abnormalities,
structural abnormalities and moderate disturbances of
learning and memory [5, 25 and 26]. In Diabetes the
reduction in body weight is primarily due to increased
muscle wasting and due to loss of tissue proteins during
release of amino acids for gluconeogenesis [27, 28]. Previous
studies [29, 30 and 31] have also reported that body weight

were reduced in diabetic group and this was found to be in
agreement with present study that all diabetic groups
maintained the hyperglycemic state throughout experimental
periods and there was a progressive weight reduction in all
diabetic groups, which reflected the increase in protein
catabolism and add loss of tissue proteins in STZ-induced
diabetic rats.

The OB is considered the primary centre of the olfactory
pathway and relay station for processing odor sensation from
olfactory epithelium [32]. In the current study, the right/left
asymmetry could be easily observed (Figure 1). Asymmetry
of OB is believed to be due to hypoplasia of smaller looking
OB or else due to enlargement of apparently larger looking
OB [33]. In the present study, structure and orientation of
different lamina in the OB of adult albino rat in both control
and experimental groups were found to be similar to those
reported earlier [34] which are in agreement with the light
microscopic observation of the current study. However,
prolonged hyperglycemia induces structural changes in the
olfactory bulb in the form of alteration in the normal laminar
organization of 4M and 6M diabetic groups. This result is in
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agreement with those reported exposure of STZ-induced
diabetes in rat [19] which may be due to irreversible damage
of OB in experimentally induced neuro-toxic effect of
hyperglycemia.

OB glomeruli are considered the first synaptic level of the
olfactory pathway and the functional unit in olfactory
information processing and sending information to the mitral
cells [35]. Each glomerulus is surrounded by heterogeneous
population of cells including a number of glial cells and
juxtaglomerular neurons which include periglomerular cells,
short axons and external tufted cells [36, 37]. In the current
study, OB shows considerably decreases mean glomerular
diameter of all diabetic group as compared with control.
Decreased glomerular diameter in the present study is
agreement with those reported by certain researchers [19]
which indicate that OB is vulnerable to glucose
neurotoxicity. Many studies suggested that hyperglycemia
induced mitochondrial dysfunction and oxidative stress
followed by formation of reactive oxygen species (ROS) that
plays major role in hyperglycemia induced neurotoxicity [4].
The results of present study suggest the structural alteration
of the OB glomeruli may also be due to hyperglycemia
induced neurotoxicity. The atypical olfactory glomeruli are
composed of an original part of olfactory bulb glomeruli
whose functional significance in the processing of olfactory
sensory information remains unknown [38]. In the current
study 2M diabetic group showed some atypical OB glomeruli
appear to be arranged in multiple layers (Figure 3 C) and it
association with hyperglycemia could not be explained.
Atypical hypercellular OB glomeruli were observed quite
regularly in 2M, 4M and 6 diabetic groups. Interestingly such
aggregation of cells could not be found in the available
literature images and therefore warranting further studies for
its functional significance. One distant possible explanation
could be that since the subventricular zone in adult rat gives
rise to new neurons which gets integrated in the olfactory
bulb [39] and insulin signaling in the brain is implicated in
the modification of proliferation, differentiation, and survival
of neural progenitor cells, the occurrence of increasing
number of atypical hypercellular olfactory glomeruli appears
to be somehow linked with diabetes-induced abnormalities of
neural stem cells as well as diabetes-induces olfactory
deficits [40].

Mitral cells are the largest and prominent neuron in the OB
[41]. The present study showed significant decreases in the
mean diameter of mitral cell in OB of 2M, 4M and 6M
diabetic groups as compared with age-matched control group.
Some studies suggested that the size of the mitral cells
deceases with advancement of age [41, 42]. Considering the
notion that prolonged diabetes increases the ageing process,
it is quite likely that both diabetes and ageing may affect the
size of the mitral cell both in an independently and
synergistic manner as appears in the current study. In this
study, some mitral cells have shown perineuronal spaces
similar to those shown by some investigators in sensory
ganglia [43, 44] and mitral cells [45]. That may due to either
shrinking or apoptosis on progression of hyperglycemic state

was also comparable to some of the finding in the present
study. In the present study, only few mitral cells appear to
exhibit chromatolytic changes of Nissl substance in the form
of reduced basophilia, which were notice with advancement
of hyperglycemic state in diabetic groups but in control
group these types of mitral cells were only occasionally seen.
In other study [45] reported that in mitral and pyramidal cells
revealed reduced basophilia and dispersion of Nissl
substance, in aged olfactory bulb. However one researcher
suggested it as an evidence of irreparable damage to neurons
[46]. Lipofuscin pigment (Senile pigment) is the un-
degradable oxidized protein and which is described to be one
of the typical features of post-mitotic cells in aged olfactory
and mitral cells [47, 48] and also in sympathetic ganglia [49].
In our present study lipofuscin pigment could not located
even in chronic diabetic rats. Lipofuscin pigment show auto-
fluorescent property with blue light [50]. Diabetes is said to
increases accumulation of lipofuscin pigments in mitral or
tufted cells [51], in sensory [52] and sympathetic neuron [53]
which could not be confirmed in the current study. However
the perikarya of mitral cells showed low grade yellow
fluorescence in the region occupied by fine Nissl substance
(Figure 5).

In the current study, PSR and LFB stained sections from
the control groups of OB revealed thin collagen fibers around
the OB and major blood vessels but in the 6M diabetic group
of OB, the collagen fibers were of remarkable thickness
around the OB and major blood vessels possibly indicator of
progressive fibrosis. Some researches demonstrating AGE
and RAGE synergy increases expression of TGF-f and
devoted to the progression of submesothelial fibrosis and
neoangiogenesis [54] and development of fibrosis in a
diabetic heart by PKC-B and p38 mitogen activated protein
kinase expression in redox reaction [55]. Comparison of
these with current observation suggests that the
hyperglycemia accelerates fibrosis.

Creatinine is an amino acid derivative and it is cleared by
tubular secretion [56]. Impaired kidney function in diabetic
nephropathy exhibits an abnormal high level of serum
creatinine. However serum creatinine, have been considered
significant biomarker of diabetic nephropathy. An increased
urea concentration in diabetic rats is also associated with
greater protein catabolism [57]. The present study also
revealed that high serum creatinine level in all diabetic
groups is parallel to the severity of hyperglycemia. This
result demonstrated a positive correlation between
hyperglycaemia and the development of nephropathy.
However in our results elevation of serum creatinine were
consistent with the reduction in the total serum protein levels
observed in the STZ-induced diabetic rats relating the
hyperglycemia to a low grade inflammatory process [58].
Similar finding has been shown in another similar study [59,
60 and 61].

5. Conclusion

Based on histopathological, histomorphological and
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biochemical findings it is concluded that prolonged
hyperglycemic state leads to increased serum creatinine
level and decreased serum total protein. It is also associated
with reduced mean diameter of glomeruli and mitral cells,
frequent occurrence of misplaced mitral cells and
hypercellular glomeruli and added thickening of collagen
fibers around OB and blood vessels. Therefore, it appears
that one of the important contributory factors in
development of olfactory dysfunction in chronic diabetes
might be the hyperglycemia-induced neuronal cytotoxicity
and macro vascular alteration induced subtle OB laminar
organization.
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