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Calretinin immunoreactivity in the anterior olfactory nucleus of the rat
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Abstract

Calretinin-immunoreactive structures in the anterior olfactory nucleus of the rat were studied using a polyclonal antibody, which does
not cross-react with the highly homologous calcium-binding protein calbindin-D28k, and the avidin–biotin–peroxidase technique.
Calretinin-immunopositive neurons were found in all regions of the anterior olfactory nucleus, with the highest number in the medial
subdivision and dorsal transition area. The immunostained neurons, although morphologically heterogeneous, demonstrated typically
small size. In addition to neuronal somata, calretinin-immunopositive fibres and terminals, some of them forming basket-like
arrangements surrounding immunonegative neurons, were observed. Although calretinin and calbindin-D28k colocalize in several brain
regions, and both proteins showed an extensive overlap in the anterior olfactory nucleus, immunostained semithin sections demonstrated
that calretinin does not co-localize with calbindin-D28k in this nucleus. q 1998 Elsevier Science B.V.
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1. Introduction

Ž .The rat anterior olfactory nucleus AON is located in
the olfactory peduncle, caudal to the olfactory bulb and
rostral to the piriform cortex. The AON is an important
relay station in the processing of the olfactory information
w x8,27 , connecting the olfactory bulbs and secondary and

w xtertiary olfactory centers 16,18 .
The functions of calcium ions in the transmembrane and

intracellular transmission of signals are modulated by sev-
eral cytosolic proteins, namely calcium-binding proteins.

ŽSome of these proteins occur in all nerve cells e.g.,
. Ž .calmodulin , whereas other ones, like calretinin CR and

Ž .calbindin-D28k CaBP-D28k are only expressed in re-
w xstricted neuronal populations 2,7,10 . CR was firstly char-

w xacterized by gene cloning from chicken retina 21 and
w xlater identified in guinea pig brain 28 . Nowadays, several

studies using radioimmunoassay and immunocytochemical
w xtechniques 1,13,20,29 have demonstrated that CR occurs

in specific and widely distributed subpopulations of neu-
rons in the central and peripheral nervous systems. CR
may be therefore employed as a neuroanatomical marker,
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especially for neurons and fibres of the sensory pathways,
including the auditory, gustatory, visual and olfactory sys-

w xtems 2,5,22,28 .
CaBP-D28k is a calcium-binding protein which, like

CR, is a valuable marker of specific neuronal subpopula-
w xtions. In a previous study 10 , we analyzed the distribution

of CaBP-D28k in the rat AON. Neurons containing CaBP-
D28k were abundant and they were detected in all AON
regions. The relationships between the neuronal popula-
tions expressing CR andror CaBP-D28k are not clear.
Previous works have reported that the distribution of
CaBP-D28k-immunopositive neurons overlap andror co-
exists with that of CR in several brain structures. Thus,
extensive overlap between the distributions of CR and

w xCaBP-D28k 23,24 has been described in the cortex, in
the basal forebrain, in the auditory nuclei, and in the
hypothalamus. In addition, neurons demonstrating coexis-
tence of CR and CaBP-D28k have been found in the
medial third of the ventral cochlear nucleus, the vestibular
nucleus, the hypothalamus, the solitary nucleus, and in

w xperipheral sensory neurons 9,19,23 .
The presence of CR-immunoreactive elements in the rat

w xAON has been previously demonstrated 13,20 ; available
data, however, are only restricted to the external and
lateral AON subdivisions. The presence and morphological
characteristics of CR-immunostained elements in other
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parts of the AON such as the dorsal, ventral, medial and
posterior subdivisions, as well as in the transition areas
Ž .lateral, dorsal and ventral are presently unknown.

The aims of this study are to describe the CR immuno-
reactivity pattern in the different subdivisions and transi-
tion areas of the rat AON, to compare these results with
previous observations on the distribution of other neuronal
markers in the same zones, and to determine whether CR
coexists with CaBP-D28k in the same neurons of the
AON.

2. Materials and methods

2.1. Animals and tissue preparation

Seven adult female Wistar rats weighing between 200–
250 g were used in the present study. The animals were

Ž .anaesthetized with ketamine Ketolar, 50 mgrkg b.wt; i.p.
and perfused through the ascending aorta with 100 ml of
Ringer solution followed by 400 ml of a fixative contain-
ing 0.08% glutaraldehyde, 4% paraformaldehyde, and 15%
saturated picric acid in 0.1 M phosphate buffer, pH 7.2
Ž . w xPB 26 . After perfusion, the brains were dissected out
and the blocks containing the AON were trimmed and
postfixed in the same fixative without glutaraldehyde for 4
h. Then, blocks containing the AON from four animals
were cryoprotected by immersion for 2 h in perfusate plus
10% sucrose, and thereafter in PB containing 30% sucrose
Ž .vrv overnight at 48C. The blocks were transversely cut
at 30 mm thickness using a cryostat and collected in cold
PB. Blocks containing the AON from the remaining three

Ž .animals were embedded in Durcupan Sigma , and two
Ž .series of adjacent semithin sections 1 mm thickness were

obtained using a Leica microtome and collected on gelatin
coated slides.

2.2. Immunohistochemical procedure

The free-floating sections were processed using an
Ž . w xanti-calretinin polyclonal antibody Dr. J. Rogers 21 and

following the avidin–biotin–peroxidase immunohisto-
w xchemical method 12 . The sections were sequentially incu-

Ž .bated in: 1 5% normal goat serum in PB for 2 h at room
Ž .temperature; 2 anti-calretinin serum diluted 1:20,000 in

PB with 0.5% Triton X-100, and 10% normal goat serum
.for 48 h at 48C; 3 biotinylated anti-rabbit immunoglobulin

ŽVectastain ABC kit, Vector Laboratories, Burlingame,
.USA diluted 1:200 in PB for 60 min at room temperature;
Ž . Ž .and 4 avidin–peroxidase complex ABC Elite kit diluted

1:100 in PB for 90 min at room temperature. Tissue-bound
peroxidase was visualized by incubating the sections with
0.05% 3,3X-diaminobenzidine and 0.003% hydrogen perox-
ide in 0.2 M Tris–HCl buffer, pH 7.6. The course of the
reaction was controlled under the microscope. The reaction
was stopped with three changes of cold PB. The sections

were mounted on slides, air-dried, dehydrated in a graded
ethanol series, cleared with xylene, and coverslipped with
Entellan.

2.3. Coexistence studies

Semithin sections were treated for 15 min in saturated
sodium ethoxyde to eliminate the resin, and then hydrated
through ethanol series to water. Sections were then incu-
bated in 5% normal goat serum in PB for 30 min at room
temperature, and the immunohistochemical procedure was
carried out to study the coexpression of CR with CaBP-
D28k. The first series was incubated with polyclonal anti-

Ž .CaBP-D28k serum SWant, Bellinzona, CH; CB 38 di-
Žluted 1:1000 in PB; and the second series adjacent sec-

.tions with polyclonal anti-CR serum diluted 1:4000 in PB.
The incubations were carried out overnight at room tem-
perature. After two washes in PB, the sections were incu-
bated in biotinylated anti-rabbit immunogammaglobulin
Ž .Vector diluted 1:200 in PB for 45 min at room tempera-
ture, and then incubated with avidin–peroxidase complex
Ž .Vector diluted 1:100 in PB for 45 min at room tempera-
ture. The same method described for the free-floating
sections was employed for the visualization of the im-
munopositive elements. Finally, the sections were im-
mersed in ethanol, xylene, and coverslipped with Entellan.

2.4. Controls

The used immunoserum against CR has been fully
w xcharacterized 21,22 and widely used in different regions

w xof the rat brain 20 . It does not cross-react with CaBP-
w xD28K 20 . Additionally, the following controls of the

immunohistochemical procedure were carried out: incubat-
ing the sections omitting the primary antibody, incubation
without biotinylated anti-rabbit immunoglobulin, and incu-
bating without avidin–peroxidase complex. In all cases, no
residual reaction was observed.

A one-in-five series stained with 0.25% thionin was
used to determine the location of CR-positive elements in
the different subdivisions of the AON. Drawings of the
distribution of CR-immunoreactive elements were carried
out using a Zeiss camera lucida.

2.5. Data analysis

In order to study the variability in the size of the
neuronal populations positive for the two calcium-binding

Ž .proteins, 150 cells 50 from three different animals stained
Ž .for each protein CR and CaBP-D28k and for each subdi-

vision showing immunopositive neurons were measured.
The material immunolabeled for CaBP-D28k used in our

w xprevious study 10 , was carried out using animals of
similar strain, age and sex and following a procedure for
tissue preparation and immunolabeling as described in the
present report. For the measurement of cell sizes, only
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Table 1
Ž . Ž . Ž .Maximum diameters mean"S.E.M. of calretinin CR - and calbindin D28k CaBP-D28k -immunopositive neurons in the different subdivisions of the

anterior olfactory nucleus of the rat

AOe AOlrTrl AOmrTrm AOdrTrd AOv AOp

CR 9.3"0.1 9.9"0.2 10.2"0.1 12.3"0.2 10.7"0.2 11.8"0.2 14.9"0.1 10.9"0.2
CaBP-D28k 9.3"0.1 14.7"0.2 14.3"0.1 16.1"0.2 15.0"0.2 15.6"0.2

All measurements are expressed in mm.
The boxes with two sets of numbers correspond to measurements from two different neuronal populations, large and small, in these regions.
AOe: external subdivision; AOl: lateral subdivision; AOd: dorsal subdivision; AOv: ventral subdivision; AOm: medial subdivision; AOp: posterior
subdivision; Trl: lateral transition area; Trd: dorsal transition area; Trm: medial transition area.

neurons that were well-defined, and where the nuclei were
clearly visible were used. In the neuronal types where the
dense reaction product masked the nucleus, the selected
neurons were those located in the middle of the thickness
of the section, and showing at least two primary dendrites.
The cells were plotted using a 40= objective connected
through a digitized tablet and optic pen to a semiautomatic

Ž .image analysis system MOP-Videoplan 2000, Kontron .
The results of these measurements are shown in Table 1.

3. Results

3.1. Nomenclature

Bregma levels in the anterior olfactory nucleus of the
w xrat were determined according to Paxinos and Watson 17 .

w xFollowing the studies of De Olmos et al. 8 , the AON has
been parcellated into six different subdivisions: external
Ž . Ž . Ž . Ž .AOe , lateral AOl , dorsal AOd , ventral AOv , medial
Ž . Ž .AOm , and posterior AOp ; and three transition areas:

Ž . Ž . Ž .lateral Trl , dorsal Trd and medial Trm .

3.2. General characteristics of CR immunostaining in the
rat AON

CR-immunostained sections revealed the presence of a
few positive elements located in all AON subdivisions and
transition areas, sparsely distributed in their whole exten-

Ž .sion Fig. 1 . Structures demonstrating CR immunoreactiv-
ity were identified as neuronal cell bodies, fibres and
terminal-like elements. Neuronal somata were the most
abundant CR-immunostained elements. The number of
CR-immunopositive cells was relatively similar in all AON
subdivisions and transition areas except in the AOm and
the Trd, where the immunostained elements were more

Ž .abundant Fig. 1 . CR-immunostained neurons demon-
strated different labeling intensities except for those of the
AOe, which were always strongly stained. A striking
general feature of the CR-immunopositive neurons in all

Ž .AON regions was their small size see Table 1 . They had
mainly round cell bodies, although oval or fusiform shapes

Ž .were also observed Fig. 2 . Positive somata showed one
to three dendrites with variable morphological character-
istics in each AON subdivision, including long and short,
ramified or unramified dendrites, with smooth, irregular or
varicose profiles. When an immunostained axon-like pro-

longation was observed arising from the positive neuronal
cell bodies, only its initial segment was usually labeled.

In the AOl and AOm, unstained somata covered by
CR-positive terminals were found. Each basket-like ar-
rangement was formed by two or three different prolonga-

Ž .tions Fig. 3g . CR-immunopositive neurons surrounded by
CR-immunopositive puncta were not observed. A few
scattered CR-immunostained fibres that intermingled with
CR-immunoreactive cell bodies were found in all AON
regions.

Ž .Two transition areas Trl and Trm demonstrated simi-
lar CR-immunolabelings to those observed in their adja-
cent subdivisions: AOl and AOm, respectively. In Trd, the
location and morphological characteristics of most CR-im-
munostained elements were similar to those of AOd, but a
different population of neurons, not observed in AOd, was
distinguished at the caudalmost levels of Trd. Neverthe-
less, in CR-immunostained sections, the boundaries be-
tween the subdivisions and their corresponding transition
areas were indistinguishable. Due to these similar distribu-
tions, CR reactivity in the transition areas is described
together with those of their corresponding subdivisions.
The boundaries were identified using adjacent sections
stained with thionin.

( )3.3. External subdiÕision AOe

The external subdivision is a thick lamina located paral-
lel to the lateral olfactory tract, and it is only present in the
rostral AON levels. A low number of CR-immunoreactive
neurons and fibres appeared in the AOe. Positive neurons

Ž .were small see Table 1 and always strongly stained. In
the dorsalmost and ventralmost AOe regions, two clusters

Žof CR-immunoreactive neuronal bodies were observed Fig.
.3a . The neurons located in these groups were round or

oval with ramified dendrites with varicose or irregular
profiles extending in all directions. Immunostained axon-
like processes were not observed in these neurons. Located
between both cell clusters, CR-immunostained neurons
oriented perpendicular to the external surface were found
Ž .Fig. 3c . These cells had two or three highly ramified
dendritic trees arising from the apical side and directed
towards the lateral olfactory tract, whereas an axon-like
process arose from the basal side. Frequently, these axon-
like processes gave rise to two opposite collaterals, one
directed medially towards the anterior commissure, and the
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other one coursed towards the lateral olfactory tract. In
most cases, the axon-like initial segment was smooth, but
the collaterals were clearly varicose. In addition to these
axon-like processes, a few CR-immunoreactive fibres scat-
tered among the CR-immunopositive cells of both clusters
were observed. They were short, irregular or varicose,
without a common orientation.

( )3.4. Lateral subdiÕision AOl and lateral transition area
( )Trl

In the AOl, sparsely distributed positive somata with
round or oval shapes, and different immunolabeling inten-
sities were observed. CR-immunoreactive neurons in the
AOl, Trl, AOe, AOm and Trm were smaller than those

Ž . Ž .Fig. 1. Camera lucida drawings of AON coronal sections from rostral 5.70 to caudal 3.20 Bregma levels showing the location of CR-immunopositive
neurons in this nucleus. Each dot represents one stained cell body. AC: anterior commissure; AOB: accessory olfactory bulb; LOT: lateral olfactory tract;
MOB: main olfactory bulb; PIR: piriform cortex; TT: taenia tecta; V: ventricle.
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Ž .observed in the remaining subdivisions see Table 1 .
These cells demonstrated CR-immunostained axon initial
segments. Two different neuronal morphologies were
found. The first group occupied preferentially the rostral-
most AOl levels and was formed by neurons with one to
four long and generally unbranched dendritic trunks. These

dendrites were radially oriented towards the lateral olfac-
tory tract or towards the anterior commissure, occasionally
coursing among the unstained fibres of these structures.
Both smooth and varicose CR-immunostained dendrites
were observed. The second population of immunostained
neurons was mainly located at the caudalmost levels, and

Fig. 2. Camera lucida drawings of characteristic calretinin-immunostained neuronal types in the different subdivisions of the anterior olfactory nucleus of
the rat.
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had one to three short primary dendrites, with irregular or
varicose profiles. These dendrites branched profusely close

Ž .to the cell body Fig. 3f .

( )3.5. Medial subdiÕision AOm and medial transition area
( )Trm

The main features on the distribution of CR immuno-
reactivity in the AOm was a rostro-caudal increase in the
density of positive elements and the small size of stained
neurons. At the rostralmost levels of this subdivision
Ž .Bregma 4.70 , only scarce CR-positive fibres and neurons

Žwere found. At the caudalmost levels of AOm Bregma
.4.20 the density of CR-immunopositive elements was

higher than in the rostral sections. The CR-immunostained
neurons demonstrated different labeling intensities and
were distributed by the whole extension of these regions.
They showed round or oval shapes with one or two
dendrites, irregular or occasionally varicose, poorly-rami-
fied and without a defined orientation. In Trd, morphologi-
cal characteristics of positive elements were similar to
those observed in the AOm, but its number was lower than
in this latter subdivision.

( )3.6. Dorsal subdiÕision AOd and dorsal transition area
( )Trd

The AOd was the AON region with the lowest number
Ž .of CR-immunoreactive neurons and fibres Fig. 1 . The

main feature was their weak staining intensity and the
existence of two groups of CR-positive neurons according

Ž . Ž .to their size: medium 12.3"0.2 and small 10.7"0.2
Ž .cells see Table 1 . These subsets were located intermin-

gled among them, and no different morphologies corre-
sponded for each group. Contrary to what is observed in
other AON subdivisions, the CR-immunopositive neurons
of the AOd were generally fusiform, and only a few cells
had round or oval cell bodies. In general, they had one or
two dendrites, although occasionally they had more pro-
longations. These dendrites were short, smooth, poorly

Ž .ramified and preferentially radially oriented Fig. 3e .
At Bregma level 4.20, the CR-immunostaining in Trd

was very similar to that of AOd. However, at the caudal-
Ž .most levels of Trd Bregma 3.70 , the neurons expressing

Ž .CR, formed two separated subsets Fig. 3b : one was
located close to the anterior commissure or the ventricle,
and the second one was situated close to the midline of the

brain. The group located close to the anterior commissure
was formed by scarce, weakly-stained neurons with round
or oval cell bodies. In these neurons, only the proximal
dendrites, at most, were labeled. Isolated, short and
weakly-stained CR-immunoreactive fibres were also ob-
served among this subset of labeled cells. The second
neuronal population, medially located, was formed by
neurons with similar shapes and sizes to those located
close to the anterior commissure, but with a stronger
labeling and showing CR-immunostained dendrites, fre-
quently varicose or irregular and highly branched.

( )3.7. Ventral subdiÕision AOÕ

Strongly or weakly-stained CR-immunopositive neurons
and fibres were observed throughout the AOv extension.
CR-immunostained neurons of this subdivision demon-
strated round or oval shapes and one to three primary

Ž .dendrites Fig. 3d . These processes were normally long,
smooth, poorly ramified and radially oriented. Some of
them were directed towards the lateral olfactory tract,
whereas other prolongations had medial trajectories reach-
ing the zone surrounding the ventricle.

( )3.8. Posterior subdiÕision AOp

The posterior and dorsal subdivisions were the AON
regions that demonstrated the weakest CR immunolabel-
ing. In the AOp, CR-immunopositive neurons were scarce
and demonstrated short, smooth and poorly ramified den-

Ž .drites. At the rostralmost level Bregma 3.20 , the den-
drites were preferentially radially oriented, but at the cau-

Ž .dalmost part Bregma 2.70 , they did not demonstrate a
common orientation. As in the AOdrTrd, CR-immuno-
stained neurons in the AOp demonstrated two different
sizes: some of them were large with a mean maximum
diameter of 14.9 mm, and other ones were smaller with a

Ž .mean maximum diameter of 10.9 mm see Table 1 . Both
neuronal groups were evenly distributed within the subdi-
vision. Isolated fibres displaying CR-immunoreactivity
were also found. The morphology of these fibres changed
from the rostral to the caudal levels of the subdivision.
They were smooth and unramified at Bregma 2.70 but, at
Bregma 3.20 level, we observed varicose positive fibres
close to the ventricle, which were found neither in other
AOp zones nor in other subdivisions.

Ž .Fig. 3. Calretinin immunoreactivity in the rat AON: a Cluster of CR-immunopositive neurons in the ventralmost region of AOe. OB: olfactory bulb. Scale
Ž .bars50 mm. b Low power view of Trd showing the distribution of CR-immunoreactive elements in this subdivision. Two separate subsets of

Ž . Ž .immunostained neurons can be observed: one located close to the ventricle open arrows and another close to the midline of the brain arrows . V:
Ž . Ž .ventricle. Scale bars100 mm. c Isolated CR-immunostained neurons in the AOe open arrows . Note the ramified dendrites arising from the apical side

Ž .and the axon-like process located in the basal side. LOT: lateral olfactory tract. Scale bars50 mm. d Fusiform CR-immunoreactive neurons located in
Ž . Ž .the AOv. Scale bars25 mm. e CR-immunopositive neuron located in the AOd. Scale bars25 mm. f CR-immunopositive neuron in the AOl. Note its

Ž .dendritic trunk. Scale bars25 mm. g CR-immunoreactive terminals surrounding an immunonegative cell in the AOm. Scale bars10 mm.
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Fig. 4. Consecutive semithin sections of the rat AON processed for
Ž . Ž .CR- a and CaBP-D28k b -immunohistochemistry. These proteins were

expressed by different neurons. Asterisks label blood vessels used as
landmarks. Note that several CaBP-D28k neurons are larger than the
CR-immunopositive cells. Scale bar: 25 mm.

3.9. Coexistence of CR with CaBP-D28k

Adjacent semithin sections including all subdivisions
and transition areas of the rat AON were processed for

CaBP-D28k- and CR-immunochemistry. Given the small
Ž .thickness of these sections 1 mm , CaBP-D28k- and

CR-immunopositive neurons presented, at most, the initial
portion of one or two dendritic processes. The analysis of
these semithin sections demonstrated that no neurons co-

Ž .localize CR and CaBP-D28k Fig. 4 in any subdivision or
transition area of the rat AON.

4. Discussion

In the present report we analyzed the distribution of CR
immunoreactivity in the rat AON. The main result was the
presence of CR-positive elements in all subdivisions and
transition areas of this structure. The morphological char-
acteristics of CR-immunolabeled elements varied in the
different subdivisions and, in some of them, along the
rostrocaudal and dorsoventral axes. We have described two
subsets of labeled elements in the dorsalmost and ventral-
most regions of the AOe and two different subpopulations
of neurons in the AOm, Trm and Trd, which have not been
previously described using either Golgi impregnation
w x18,27 or neuronal markers such as CR, CaBP-D28k,
parvalbumin or CBP-18 immunohistochemistry
w x w x7,10,13,15,20 or NADPH–diaphorase histochemistry 11 .

Previous studies on the distribution of CR in the rat
brain have described the presence of this protein in the rat
AON. Our present data are in agreement with those of

w xResibois and Rogers 20 , who mentioned the presence of´
subsets of small, strongly immunostained neurons in the

w xrat AON. Jacobowitz and Winsky 13 using immunofluo-
rescent microscopy had found CR-positive elements in the
AOe and in the AOl, where they described the lowest
density of positive fibres. Our data are coincident in the
AOe, but we observed the lowest number of both CR-im-
munoreactive neurons and fibres in the AOd. Additionally,
the presence of CR-immunoreactive elements in the AOm,
AOv, AOp, Trl, Trd and Trm is described for the first time
in the present study.

w xGolgi impregnation 27 and tract-tracing studies using
w xhorseradish peroxidase or fluorescent dyes 16,18 have

demonstrated that AOl neurons receive afferents from the
lateral olfactory tract. In this pathway, these AON cells
receive olfactory information from the ipsilateral olfactory
bulb and send it to the contralateral olfactory bulb through
the anterior commissure. Since the morphological charac-
teristics and location of some CR-immunoreactive neurons
were similar to those that presumably established connec-

w xtions with both olfactory bulbs 16,18 , it is possible that at
least some of these target neurons of olfactory afferences
are CR-immunoreactive.

Given the similarity of the genetic sequence of CR and
CaBP-D28k, and the existence of previous works showing
colocalization for both proteins, alternative semithin sec-
tions were processed for CR- and CaBP-D28k immunohis-
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tochemistry. Our results in these semithin sections demon-
strated that these proteins are present in different neuronal
populations and excluded the colocalization of CR with
CaBP-D28k in the rat AON. These data are in agreement

w xwith Rogers and Resibois 25 , who indicated that the´
AON is one of the zones with scarce or no colocalization
of CR and CaBP-D28k in the rat brain. This expression of
different calcium-binding proteins by distinct subsets of
neurons has also been described in the rat olfactory bulb,
where this segregation is even observed for neurons be-
longing to the same neuronal type, such as periglomerular

w xcells 23 .
Comparing the immunohistochemical distribution of CR

in the rat AON with those of the other calcium-binding
w xprotein, CaBP-D28k 10 , differences in the morphological

characteristics, density and location of CR- and CaBP-
D28k-immunopositive elements are evident. One major
morphological difference was the smaller size of neurons

Žexpressing CR than those expressing CaBP-D28k Table
.1 . Additionally, as pointed out, most CR-immunostained

neurons had round, oval or fusiform cell bodies, whereas
CaBP-D28k-immunolabeled elements demonstrated fre-
quently pyramidal or polygonal morphologies. The only
exceptions were the AOp, where the longer CR-im-
munopositive neurons demonstrated relatively similar sizes
than the CaBP-D28k-immunostained cells, and the AOe,
where the size and morphological characteristics of CR-

Žand CaBP-D28k-immunostained neurons were similar see
.Table 1 . In this sense, it was evident in the counterstained

sections that practically all AOe neurons were small,
whereas both small and large neurons were seen in the
remaining AON subdivisions. Concerning the density of
positive elements, the number of neurons containing CR
seems to be clearly lower than those detected after CaBP-
D28k immunostaining in the AOl, AOd, AOv, AOp, Trl,
Trm. In the AOe, however, the number of CR-immunopo-
sitive neurons was clearly higher than those immunos-
tained for CaBP-D28k. In the AOm and Trm, the distribu-

w xtion patterns of CaBP-D28k 10 and CR were more
similar, showing in both cases a rostro-caudal increase in
the density of immunoreactive elements. Finally, CaBP-
D28k-immunostained structures occupied preferentially the

w xinner two-thirds of the AON 10 , whereas CR-im-
munopositive elements were more uniformly distributed in
all AON subdivisions and transition areas.

In the Nissl-stained sections, it was evident that the
total number of neurons in a given subdivision outnum-
bered the sum of CR- and CaBP-D28k-immunopositive
neurons, indicating that numerous AON neurons do not
express any of these two proteins. It is possible that these
immunonegative neurons contain another calcium-binding

w x w xprotein, such as parvalbumin 10 , or CBP-18 15 , specific
for some neuronal populations, or that such a complex
system of calcium-binding proteins is not necessary to
maintain calcium homeostasis and to control calcium-
mediated events in the rat AON neurons.

It has been postulated that CR is particularly abundant
in sensory pathways, including the olfactory system
w x5,23,28 . In fact, CR is present in the rodent olfactory
receptor cells, the elements receiving the olfactory infor-

w xmation 4,14 , in the main olfactory bulb, the first relay
w xstation within the olfactory pathway 3,6,7 and in the

AON, the second relay station. However, in view of the
present results, it is evident that the number of CR-in-
munopositive elements in the rat AON was relatively
scarce and lower than the number of cells expressing
CaBP-D28k. This contrasts to what has been demonstrated
in the olfactory epithelium and in the main olfactory bulb,
where CR is expressed by abundant olfactory receptor
cells, olfactory axons and olfactory bulb neurons
w x5,14,23,28 . These data indicate that CR and CaBP-D28k
are heterogeneously distributed throughout the olfactory
pathway, and that the calcium requirements are differently
regulated in each structure included in this system.
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