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ABSTRACT. The changes of calretinin (CR)-immunoreactive periglomerular cells in the glomerular layer of the main olfactory bulb (MOB)
were investigated in rats differing ages from postnatal month 1 (PM 1) to PM 24. The number of cresyl violet-positive periglomerular
cells was similar between PM 1 and PM 12, but they decreased slightly in the PM 24 group. The size of CR-immunoreactive periglomerular cells in the glomerular layer increased with age, while their numbers did not change significantly in the PM 6-PM 24 groups. In
the PM 24 group, numbers of CR-positive periglomerular cell bodies and their processes decreased, while the size of CR-positive cell
bodies in the glomeruli was larger than that of the previous groups. These results suggest that CR-immunoreactive periglomerular cells
in the rat MOB are well-developed in the PM 6 group, and that periglomerular cells in the PM 24 group show poor CR-immunoreactivity
compared to those in the PM 6 group.
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The main olfactory bulb in all vertebrates is represented
by a rostral extension of the forebrain and superficially
receives olfactory nerve fibers from nasal olfactory cells. In
the olfactory glomeruli, dendrites from the projecting neurons of the olfactory bulb receive synapses from the axons
of the olfactory receptor cells with an important local modulation [6, 19, 20]. In the glomerular layer, cells constitute
a simple neuronal population according to morphological
criteria by Golgi impregnation: external tufted cells, periglomerular cells and superficial short-axon cells [15, 18].
External tufted cells are involved in rapid and topographically organized interbulbar and intrabulbar interactions,
while periglomerular cells and superficial short-axon cells
are the first and the second interneurons, respectively, and
they also modulate olfactory information at the glomerular
level. Among these cells, the periglomerular cells are very
important role in odor decoding because these cells modulate the glomerular processing [1, 5, 13, 15].
Calretinin (CR), one of the major calcium binding proteins in the olfactory system, is popular in the glomerular
layer. CR in the periglomerular cells regulates intracellular
calcium levels and could buffer calcium transients resulting
from their different cellular processes [3, 7]. Although substantial numbers of human studies have suggested that functional olfactory deficits increase with age and age-related
illnesses, relatively little work has described in the normal
aging process of animal models. In the present study, we
investigated age-related changes of CR immunoreactivity in
the glomerular layer of the rat main olfactory bulb (MOB),
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which is a gatekeeper of olfactory system.
MATERIALS AND METHODS
Experimental animals: Male Sprague-Dawley rats were
purchased from Harlan and were bred at the Experimental
Animal Center, Hallym University, Chunchon, South
Korea. The animals were supplied kindly by Dr Oh, a chief
in the Experimental Animal Center, Hallym University.
Postnatal month 1 (PM 1) (n=7), PM 3 (n=7), PM 6 (n=7),
PM 12 (n=7), and PM 24 (n=7) rats were housed in conventional state under adequate temperature (23°C)/and humidity (60%)/control with a 12-hr light/12-hr dark cycle, and
provided with free access to water and diet containing crude
protein (20% of diet) (Cheil Jedang, South Korea). Procedures involving animals and their care conformed to the
institutional guidelines which are in compliance with current international laws and policies (NIH Guide for the Care
and Use of Laboratory Animals, NIH Publication No. 85–
23, 1985, revised 1996) and were approved by the Hallym’s
Medical Center Institutional Animal Care and Use Committee. All experiments were conducted to minimize the number of animals used and suffering.
Tissue processing: To obtain the exact data in this study,
tissues in various aged groups were processed at the same
moment within the same day. For histology, the animals
were anesthetized with pentobarbital sodium (30 mg/kg)
and perfused transcardially with 0.1 M phosphate-buffered
saline (PBS, pH 7.4) followed by 4% paraformaldehyde in
0.1 M PB (pH 7.4). Olfactory bulbs were removed and postfixed with the same solution for 4 hr. The tissues were cryoprotected by infiltration with 30% sucrose overnight.
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Thereafter the frozen tissues were serially sectioned in 30
µm thickness transversely with a cryostat and then collected
into six-well plates containing PBS.
Cresyl violet staining: To obtain the number of periglomerular cells in the glomerular layer in various aged groups,
the sections were mounted on gelatin coated microscopic
slides. Cresyl violet (CV) acetate (Sigma, MO) was dissolved at 1.0% (w/v) in distilled water, and glacial acetic
acid was added in this solution. Before and after staining for
2 min at room temperature, the sections were washed twice
in distilled water, dehydrated by placing successively for 2
hr in 50%, 70%, 80%, 90%, 95%, 100% ethanol bathes at
room temperature, and finally mounted with Canada Balsam
(Kato, Japan) [8].
Immunohistochemistry for CR: To obtain the exact data
for immunohistochemistry, free-floating sections of various
aged groups (n=7 at each group) were processed by immunohistochemistry at the same moment within the same day.
The immunohistochemical procedures were conducted as
previously mentioned protocol [9, 11].
The adjacent sections stained with CV were sequentially
treated with 0.3% hydrogen peroxide (H2O2) in PBS for 30
min and 10% normal horse serum in 0.05 M PBS for 30 min.
They were next incubated with mouse anti-CR antibody
(diluted at 1:5,000, Chemicon International, U.S.A.) overnight at room temperature and subsequently exposed to
biotinylated horse anti-mouse IgG (diluted 1:200, Vector,
U.S.A.) and streptavidin peroxidase complex (diluted 1:200,
Vector, U.S.A.). Then, the sections were visualized with
3,3’-diaminobenzidine in 0.1 M Tris-HCl buffer (pH 7.2)
and mounted on the gelatin-coated slides.
In order to establish the specificity of the immunostaining, a negative control test was carried out by substituting
normal mouse serum for primary antibody or by omitting
the primary antibody. The negative control showed the
absence of immunoreactivity in any structures.
Quantification of data and statistical analysis: All measurements were performed in order to ensure objectivity in
blind conditions, by two observers for each experiment, carrying out the measures of control and experimental sections
at the same moment in the same day. The sections were previously selected according to anatomical landmarks corresponding to the plates 1–2 (for the coronal main olfactory
bulb) of the Paxinos and Watson [17] rat brain atlas.
For quantitative analysis of CR immunoreactivity in the
main olfactory bulb, 10 sections in each animal were randomly selected within the corresponding levels of the main
olfactory bulb. All the CR-immunoreactive areas taken
from glomerular layer in the MOB were obtained through an
Axiophot light microscope at a magnification of 25–50 ×
(Carl Zeiss, Germnay) connected via CCD camera to a PC
monitor. Video images were digitized into an array of 512
× 512 pixels corresponding to a tissue area of 140 × 140 µm
(40 × primary magnification). To evaluate the density of
CR-immunoreactive areas, the CR-positive fibers or neurons were selected by interactively determining each cell
limit using the imageJ software, in which each pixel resolu-

tion was of 256 gray levels. The intensity of CR immunoreactivity was evaluated by means of a relative optical density
(ROD) value which was obtained after transformation of
mean gray values using the formula: ROD= log (256/mean
gray). The values of background staining were subtracted
from ROD values of all immunoreactive structures before
statistical processing. ROD values were informed as ROD
units. In addition, the soma size of CR-immunoreactive
cells was measured and the morphology of their processes
was recorded in the glomerular layer.
Measurement of neuronal number was also performed
using an image analyzing system equipped with a computerbased CCD camera (software: Optimas 6.5, CyberMetrics,
U.S.A.). Numbers of CR- and CV-positive cells were
counted through 10 sections in each animal and 20 glomeruli in each section, and were compared to those in the PM 1
group.
Individual differences in each group, as well as interexperimental differences, were not significant statistically.
Differences among the means were statistically analyzed by
means of a Student’s two-tailed t-test. Statistical significance was set to * P<0.05 or ** P<0.01.
RESULTS
The CV-positive cells within periglomerular cells
Changes in cresyl violet positive cells: Cresyl violet (CV)
positive periglomerular cells in the glomerular layer
changed in the rat MOB with age (Fig. 1). The number of
CV-positive periglomerular cells was similar between the
PM 1 and the PM 12 group, in which they were about 420 in
a glomerulus; however, they significantly decreased in the
PM 24 group, showing 380 in a glomerulus.
The CR-immunoreactive cells within periglomerular
cells: CR-immunoreactive periglomerular cells were
detected in the glomerular layer in all groups. In the PM 1
group, they were scattered in the glomerular layer (Fig. 2A),
averaging 62.3 cells in a glomerulus and 14.6% of periglomerular cells in a glomerulus (Fig. 1). In the PM 3 group, the
number of CR-immunoreactive cells was similar to that in
the PM 1 group (Figs. 1 and 2B). Their average number was
65.4 (15.6% of periglomerular cells in a glomerulus).
In the PM 6 group, the number of CR-immunoreactive
periglomerular cells significantly increased in the glomerular layer compared to that in the PM 3 group (Figs. 1 and
2C), showing their highest numbers (19.8% of periglomerular cells in a glomerulus). The number of CR-immunoreactive cells in the PM 12 group was similar to that in the PM 6
group (Fig. 1).
In the PM 24 group, the number of CR-immunoreactive
periglomerular cells decreased compared to that in the PM
12 group, but was higher than that in the PM 1 group in proportion of CR-immunoreactive cells in a glomerulus (Figs. 1
and 2D). In this group, the average number of CR immunoreactive cells was 71.6 (18.8% of periglomerular cells in
a glomerulus) (Fig. 1).
Changes in CR-immunoreactive structures: The size and
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processes of CR-immunoreactive periglomerular cells in the
rat MOB changed with age. In the PM 1 group, most of cells
had oval somata, but no processes (Fig. 2A). In the PM 3
group, CR-immunoreactive periglomerular cells possessing

Fig. 1. The average number of CR immunoreactive (CR+) periglomerular cells per a glomerulus in the main olfactory bulb at
various age stages in rats (* P<0.05, ** P<0.01, significant differences from PM 1 group). The close part of histogram indicates the number of CR+ periglomerular cells and the open part
of histogram indicates CR negative (CR–) periglomerular cells
of cresyl violet positive (CV+) periglomerular cells. The bars
indicate the means ± S.D.
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short processes increased slightly in size averaging (4.95 ±
0.21) × (7.56 ± 0.35) µm (Fig. 2B); however, the ROD values of total CR-immunoreactive structures in the glomerular
layer were similar to those in the PM 1 group (Fig. 3).
In the PM 6 group, the size of CR-immunoreactive
somata and their ROD values were detected to increase significantly in the glomerular layer compared to those in the
PM 3 group (Figs. 2C and 3), in which the size of CR-immunoreactive somata increased by averaging (4.99 ± 0.32) ×
(7.92 ± 0.26) µm. These CR-positive cells had complicated
processes with numerous varicosities and spines, displaying
mature feature (Fig. 2C). The morphology of CR-positive
cells and their ROD values in the PM 12 group were similar
to those in the PM 6 group (Fig. 3). However, the size of
CR-immunoreactive cell bodies slightly grew by (5.79 ±
0.42) × (8.74 ± 0.54) µm compared to that in the PM 6
group.
In the PM 24 group, the size of CR-immunoreactive cell
bodies increased by averaging (6.09 ± 0.49) × (9.84 ± 0.63)
µm in the glomerular layer, while their processes were poor
compared to that in the PM 12 group (Fig. 2D), although the
ROD values were similar to those in the PM 12 group (Fig.
3).
DISCUSSION
In the previous study, it has been reported that age-related

Fig. 2. Immunohistochemical staining for CR in the glomerular layer of the rat main olfactory bulb at PM 1 (A), PM
3 (B), PM 6 (C) and PM 24 (D). Note that the number and size of CR-positive cells significantly increases at PM 6
(C) and PM 24 (D): at these age stages, CR-positive fibers are predominantly distributed in glomeruli. Bar = 50 µm.
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ported by the studies that CR immunoreactivity in the glomerular layer of the adult rat preserves the cell from damage
due to a sustained rise in this cation concentration, and/or
affects the amplitude of calcium entrance and its timing
because CR buffers intracellular calcium or shortens calcium oscillations [2–4, 7].
In conclusion, CR immunoreactivity changes with age in
periglomerular cells of the rat MOB: CR-positive periglomerular cells are well-developed in PM 6 rats unlike other calcium binding proteins such as CB and PV. In addition, CR
in periglomerular cells may play an important role for the
modulation of calcium in the main olfactory bulb.

Fig. 3. The ROD of CR-immunoreactive structures in the glomerular layer at various age stages. The results of the quantitative
data obtained using image analysis are consistent with the
immunohistochemical data (** P<0.01, significant difference
from PM 1 group). The bars indicate the means ± S.D.

changes of somatostatin-immunoreactive cells were
detected in the granule cell layer of the rat MOB [11], in
which significant numbers of their neurons were observed in
the PM 24 group, although their processes were shorter than
those in the PM 12 group. In addition, age-related changes
of calbindin D-28k (CB) and parvalbumin (PV) immunoreactivity in the rat MOB were observed, showing the highest
numbers of the former cells in the PM 6 group and the latter
neurons in the PM 3–6 group, respectively [9, 10]. The PVpositive neurons had also satellite somata with well-developed processes containing many varicosities. Finally, there
was significant decrease in number of CB- and PV-positive
neurons in the MOB in the PM 24 group.
In the present study, we observed the age-related changes
of CR-immunoreactive periglomerular cells in the glomerular layer of the rat MOB. The size of CR-positive cells in
this region increased with age, while their numbers showed
the pattern of reverse U shape with age. In addition, the
total number of periglomerular cells decreased in the PM 24
group. In the PM 6 group, CR-positive cells peaked in number, showing nearly 20% of the total number of periglomerular cells. In addition, it was found that CR-positive cells in
the rat MOB were well-developed in the PM 6 group. This
finding was very similar to the previous result that CR
immunoreactivity was well-defined at the neurons in the
glomerular layer of the adult rat MOB [13].
Mirich et al. [14] reported that CR-positive cells in the
mouse olfactory bulb remained stably throughout the life, in
which the subset of interneurons stained positively for CR
was detected constantly in all strains. In the present study,
numbers of CR-positive cells did not change significantly
among PM 6–24 groups.
The present study showed that the ROD values of total
CR-immunoreactive structures in the periglomerular cells in
the PM 24 group did not change significantly compared to
those in the PM 6 and 12 groups. This finding was sup-
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