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Abstract. The present paper describes parvalbumin, calbindin-D28k and
calretinin immunoreactivity in the claustrum and endopiriform nucleus of
adult rabbits. Studied neuronal populations are characterized by
morphological heterogeneity. Four types were identified in each
subpopulation of cells containing calcium binding proteins on the basis of the
number of processes and their branching pattern. There were no spatial
differences in the distribution of cells containing either parvalbumin or
calbindin-D28k in the claustrum and endopiriform nucleus. Well documented
presence of the various projective zones in the rabbit claustrum did not reflect
the specific distribution of neurons containing calcium binding proteins,
except those containing calretinin. Their localization may correspond with the
limbic zone. We have found that the rabbit claustrum and endopiriform
nucleus have different pattern of parvalbumin and calretinin
immunoreactivity. The former was more intense in the claustrum and the
distribution of cell types was significantly different from that in the
endopiriform nucleus. Calretinin-positive cells were observed in the
claustrum, while in the endopiriform nucleus they were scarce. The
distribution of neither calbindin-D28k-ir neurons nor fibers allowed
differentiation of claustrum and endopiriform nucleus. Significant differences
between the claustrum and endopiriform nucleus observed in the rabbit might
be related with ontogenetic as well as other (functional) factors.
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INTRODUCTION

The claustrum (Cl) and the endopiriform nucleus
(EN) are telencephalic structures present in almost all
mammals. Cl and EN are medially separated from
putamen by the fibers of the external capsule. On the lat-
eral side, claustrum and endopiriform nucleus neighbor,
through the extreme capsule, insular perirhinal and
piriform cortex (Kowianski et al. 1999, Woznicka and
Kosmal 2003). Although some reports described this
subcortical region of the mammalian brain as one entity,
its structural diversity indicated by various approaches
(development (Bayer and Altman 1991, Filimonoff
1966, Maciejewska et al. 1997, Puelles et al. 2000,
Reblet et al. 2002), connections (Behan and Haberly
1999, Kowianski et al. 1998, LeVay and Sherk 1981,
Majak etal. 2000, Pearson et al. 1982, Witter etal. 1988)
and neurochemistry (Celio 1990, Druga et al. 1993,
Gomez-Urquijo et al. 2000, Kowianski et al. 2001,
Narkiewicz et al. 1988, Reynhout and Baizer 1999)) al-
lows to distinguish two distinct structures.

Although there is a lot of data concerning morphology
of claustrum and endopiriform nucleus, their functions
are still not clear. Ettlinger and Wilson (1990) proposed
the theory of involvement of the claustrum in sensory in-
tegration. According to this theory the claustrum is a relay
area through which each sense (single sensory stimulus)
can access other senses. It was supported by studies using
different sensory combinations, e.g., audio-visual (Olson
etal. 2002, Redoute et al. 2000), or tactile-visual (Banati et
al. 2000, Hadjikhani and Roland 1998). The other possible
explanation of this theory is the existence of numerous
claustroneocortical projections organized in partially
overlapping cortico-related zones (Kowianski et al. 1998,
Sherk 1988).

Both Cl and EN are involved in spreading of
epileptiform activity (Behan and Haberly 1999, Hoffman
and Haberly 1996, Mohapel et al. 2000, 2001, O’Shea et
al. 2000, Zhang et al. 2001). Most theories relate the epi-
lepsy with a lack of balance between excitatory influ-
ences and inhibitory control over a network of connected
neurons. Pathologies that selectively reduce the total
number of inhibitory neurons would cause higher sus-
ceptibility to seizure activity (Roper et al. 1999).

Neuronal population of claustrum and endopiriform
region comprises mostly projection neurons. Glutamate
is their major neurotransmitter. According to Kowianski
et al. (2001) some projection neurons of these regions
contain nitric oxide synthase (NOS). In the claustrum

the number of interneurons depends on the species stud-
ied and constitutes from 6 to 12% of the total number of
neurons (Goémez-Urquijo et al. 2000, Gutiérrez-
-Ibarluzea etal. 1998, Spahn and Braak 1985). GABA is
their neurotransmitter. Other substances present in the
population of claustral interneurons are NADPH
diaphorase (Hinova-Palova et al. 1997, Switka et al.
1994), NOS (Kowianski et al. 2001) and neuropeptides
(Eiden et al. 1990, Kowianski et al. 2001).

In the endopiriform nucleus, the percentage of
interneurons is similar to that in the claustrum (Gémez-
-Urquijo et al. 2000). Also some of their immuno-
histochemical properties are similar (Roberts et al.
1982, Sims et al. 1980). The above mentioned popula-
tion of GABA-ergic interneurons in both structures
seems to correspond with the populations of neurons
containing calcium binding proteins (CaBPs): parval-
bumin (PV), calbindin-D28k (CB) and calretinin (CR)
(Druga et al. 1993, Real et al. 2003, Reynhout and
Baizer 1999).

Neuronal population of the rabbit claustrum and
endopiriform nucleus has not been characterized in de-
tail yet in terms of transmitter content, location and syn-
aptic relationships. Rabbit, among other species, due to
its distinctness in morphology of this region (Kowianski
et al. 1999) and in the pattern of distribution of calcium
binding proteins in other structures (Gonzalez-Soriano
et al. 2000) is the species of special interest. Differenti-
ated neuronal population of studied structures may also
reflect their distinct functional role; such data concern-
ing electrophysiological properties of parvalbumin-ir
and calbindin-ir interneurons of specific morphology
were described in the rat striatum (Kawaguchi 1997).

The aim of this study was to assess qualitatively and
quantitatively the distribution and relationships of
CaBP-ir neuron populations in the rabbit claustrum and
endopiriform nucleus, and to find whether this immuno-
reactivity reflects diversity of Cl and EN. Due to the role
of calcium ion in epileptiform events (Hoffman and
Haberly 1996), from the functional point of view, popu-
lations of neurons containing CaBPs and their relations
with previously described different systems of connec-
tions (Kowianski et al. 1998, Majak et al. 2000) seem to
be interesting.

METHODS

The material consisted of the five brains of adult New
Zealand rabbits. The care and treatment of the animals



was in accordance with the guidelines for laboratory an-
imals established by the National Institute of Health, as
well as those by the local ethical committee. Animals
were deeply anesthetized with Fentanyl (0.03 mg/kg
i.p.) and Thiopental (80 mg/kg i.p.) and perfused
transcardially with 250 ml of 0.9% saline containing
10 000 units of Heparin, followed by 1 000 ml of 4% so-
lution of paraformaldehyde in phosphate bufter (pH 7.4
and 4°C). Immediately after perfusion, the brains were
removed from the skulls and cryoprotected by floating
in 30% sucrose phosphate buffer solution (pH 7.4 and
4°C) until sunk (1-3 days). Then, they were cut into
40-pum-thick coronal sections with a cryostat Jung 1800
(Leica, Germany). Eight adjacent sections were taken
from every 1 200 um, two — for cresyl violet staining
(they were coverslipped with DPX (Fluka, Germany)
and the remaining six — for PV, CB and CR immuno-
histochemistry. From each brain, a set of twenty
sections was obtained for every staining.

Immunohistochemical staining procedure

Free floating sections were incubated in a solution
composed of 3% normal goat serum (NGS) for PV and
CB or 3% normal donkey serum (NDS) for CR, and
0.3% Triton X-100 in 0.01M PBS (pH 7.2) for 1 hour.
The sections were then incubated at a temperature of
4°C with primary antibodies: mouse anti-PV (diluted
1:1 000, Sigma, USA) or mouse anti-CB (diluted
1:1 000, Sigma, USA) or goat anti-CR (diluted 1:1 000,
Swant, Switzerland) in 0.01M PBS (pH 7.2) containing
3% solution of NGS or NDS and 0.1% Triton X-100.
After 48 hours the sections were washed with PBS and
incubated with the secondary antibody goat anti-mouse
or donkey anti-goat coupled to Cy3 (diluted 1:800,
Jackson, USA) for 2 hours. Finally, they were washed
with PBS, mounted onto gelatin-coated slides,
air-dried, and coverslipped with Keiser Gelatin (Merck,
Germany). In control experiments, in which the primary
antibody was omitted, no signal was detected.

Qualitative analysis

Immunohistochemically labeled slides were studied
using a fluorescent microscope BX-51 (Olympus, Ja-
pan) and a confocal laser scanning microscopy (CLSM)
—system MicroRadiance (Bio-Rad, UK), equipped with
an Argon ion laser (American Laser Corporation, USA)
and mounted on a light microscope Eclipse 600 (Nikon,
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Japan). The excitation filter 514 and emission long-pass
filter ES7OLP were used to detect Cy3 fluorescence.
CLSM images were obtained using 40x and 60x oil im-
mersion objective lenses of NA = 1.3 and 1.4, respec-
tively. The optimal iris was used for each magnification.
In each case only the sections completely stained with
fluorescence were taken into account. The images were
recorded on the hard drive and analyzed using the
software LaserSharp 2000 (Bio-Rad, UK).

Quantitative analysis

The amount of immunoreactive points or fibers in
neuropil was expressed as high, moderate and low,
whereas the cell number — quantitatively.

The following parameters of PV-, CB- and CR-ir
cells morphology were examined using CLSM images:
somatic area and somatic diameters (long and short) by
means of Laser Pix 2.0 analyzer (BioRad, UK). More
than 100 cells of given immunoreactivity were used for
their estimation.

To compare immunoreactive neuronal subpopula-
tions containing particular CaBPs, the number of cells
per square millimeter was estimated in Cl and EN within
the rostral two-fifth, mid two-fifth and caudal one-fifth
of their length. The division was in accordance with pre-
viously published results (Wojcik et al. 2002). The bor-
ders of CI and EN were marked as separate inclusion
areas under low magnification (4x objective). To delin-
eate the structures, the brain atlases (Girgis and
Shih-Chang 1981, Shek et al. 1986), descriptions
(Fleischhauer et al. 1980, Wojcik et al. 2002) and also
the nearest cresyl violet section were used.

About 60% of these inclusion areas on sections were
investigated. Neuronal profiles were counted with the
aid of a 20x objective lens in systematic random test
frames of the area equal to 13 000 um2 using C.A.S.T.
Grid system (Computer Assisted Stereological Tool,
Olympus, Denmark) working on a microscope BX-51
(Olympus, Japan). Along with the counting procedure,
the cells were classified as belonging to one specified
neuronal type and the percentage distribution of cells
types was calculated for PV- and CB-ir cells. The CR-ir
cells were excluded from the estimation of the cell den-
sity due to anisotropy in the claustrum and sporadic
presence in the endopiriform nucleus.

The Chi-square test was used to estimate the differ-
ences in the distributions of neuronal types as well as of
the size of cells. The significance level was 0.05.
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RESULTS

Classification of cells

Four morphological cell types were identified in all
subpopulations of cells containing CaBPs. The main
criteria were the number of processes and their branch-
ing patterns. The presence of varicosities was not taken
into account.

Type I contained multipolar cells usually with three
to four thin processes of approximately equal thickness
and small somata of round or oval shape (Fig. 1A).

Type II immunoreactive cells were multipolar with
many (five or more) processes of variable thickness and

PV CB

medium- to large-sized somata. Among cells of this type
polygonal, oval or round perikarya were observed. Cells
immunoreactive for PV and CB were of differentiated
shape, whereas those immunoreactive for CR were pre-
dominantly oval (Fig. 1B).

Type III consisted of bipolar cells of various sizes
with two processes. In this type, cells immunoreactive
for PV and CB were predominantly of fusiform shape,
while among CR-ir ones round cells prevailed (Fig. 1C).

Cells with three rather thick processes and triangu-
lar, medium to large-sized somata belonged to type [V
(Fig. 1D).

The set of estimates of morphometric parameters
characterizing cells of all types is presented in Table I.

CR

Fig. 1. Morphological types of cells con-

taining calcium binding proteins in the
claustrum and the endopiriform nucleus
of the rabbit. (PV) Parvalbumin-ir (left
column); (CB) calbindin-D28k-ir (cen-
tral column); and (CR) -calretinin-ir
(right column). Stacks of confocal laser
scanning microscope images. Scale bar =
0.05 mm. (A) Cells of type I —multipolar,
with thin processes of approximately
equal thickness and small somata of
round or oval shape; (B) cells of type I —
multipolar, with processes of variable
thickness and medium- to large-sized
polygonal, oval or round somata; (C)
cells of type III — bipolar, with fusiform
or round perikarya of various size; (D)
cells of type IV — with three rather thick
processes, and triangular medium- to
large-sized somata.




The dendrites of cells of all neuronal types displayed
an aspiny appearance. Dendritic branches were rarely
observed only in the cells of type I, in the remaining
types they could be easily distinguished.

For each CaBP all morphological types of cells are
homogeneously distributed within distinguished parts
of studied structures.

PV-immunoreactivity

Intense (high) PV-ir was found throughout the whole
Cland defined its area clearly, separated from surround-
ing structures by external and extreme capsules reveal-
ing an almost total lack of immunoreactivity (Fig. 2A).
Dense meshwork of fibers oriented in all directions and
numerous immunoreactive points were observed (Fig.
2B). They often formed basket-like plexuses surround-
ing unlabeled cells (Fig. 2D). Some fibers possessed
varicosities.
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The spatial distribution of PV-ir cells through CI ap-
peared homogeneous (Fig. 2F). The number of PV-ir
profiles per unit area was moderate (58 = 18 per rnmz).
These strongly stained neurons belonged mainly (70%)
to type II. Remaining population of cells was distributed
almost equally among the other cell types (I, IIl and IV)
(Table I).

PV-ir in EN was low (Fig. 2C). The lateral border of
this structure was rather poorly distinguishable due to
the similar pattern of immunoreactivity in relation to the
neighboring deepest layer of the piriform cortex. In the
neuropil of EN, only single PV-ir fibers with occasional
varicosities were present. Very intense PV-ir points
were sporadically observed on the surface of PV-ir cells
(Fig. 2E).

The spatial distribution of PV-ir cells in EN (as in CI)
was characterized by homogeneity, but their number
was very low (18 £9 per mm"). These neurons belonged
to type Il and III (Table I). Differences were found in the

Table I

The set of morphometric parameters characterizing different morphological types of cells containing calcium binding pro-
teins (PV, CB, CR) in the claustrum (Cl) and the endopiriform nucleus (EN)

Type Fraction (%) Long Short Somatic
diameter (mm) diameter (mm) area ( “mz)
CL PV I 11 13.4+1.8 10.1£1.6 94.2+£23.9
I 70 23.1+53 158+33 237.7+89.5
111 10 28.5+5.9 13.7+3.2 222.3+81.9
v 9 254+5.8 16.3+4.1 240.0 +£ 87.9
CB I 17 14.5+£2.7 104+1.3 100.8 +28.8
I 51 224454 14.0+3.1 194.4+77.1
111 23 24.6+5.6 11.0+24 174.0 £ 63.1
v 9 23.5+5.7 16.2+4.7 222.5+97.7
CR I 4 9.1+1.7 7.7+1.6 78.9+15.2
I 42 19.4+33 139+2.3 152.9 £40.1
111 19 222+3.6 10.1+1.1 130.8 £27.2
v 35 20.3+4.1 11.7£2.0 130.6 =40.8
EN PV I 9 15.1+1.5 99+12 106.8 +24.0
I 47 22.8+4.6 149+25 220.0 £ 68.3
I 35 259+3.6 123+£3.2 195.7+£79.0
v 9 263+2.8 16.7+1.9 237.5+40.1
CB I 17 143+1.5 10.1+1.7 93.5+23.5
I 49 21.2+5.5 142+33 183.7+69.9
111 25 24.0£5.6 10.8 £2.7 149.7 +£53.5
v 9 22.0+44 142+2.9 166.6 +45.1

Means and standard deviations (+ SD) are given
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distribution of cell types between Cl and EN — they were
mainly related to the cells of type II (found more com-
monly in Cl) as well as of type III — more frequently ob-
served in EN (Table I).

Comparison of PV-ir populations revealed that the dis-
tribution of somatic area of these cells showed a significant
difference between studied structures — in Cl the amount of
larger cells (between 200 urn2 and 300 urnz) was bigger
than that in EN (5= 8.5, df=3, P<0.04) (Fig. 3).

CB-immunoreactivity

Sections stained for CB showed low immuno-
reactivity in Cl and EN. The pattern of CB-ir was also
similar in both studied structures (Fig. 4A-C). Moderate
immunoreactivity of the fibers as well as of puncta in the
neuropil was found. The fibers were thinner than PV-ir
ones; the varicosities were often observed (Fig. 4C, D).

The spatial distribution of CB-ir cells in Cl and EN
was homogeneous (Fig. 4E). Their number per unit area
in Cl and EN did not differ significantly (53 + 9 per mm’

and 50 + 22 per mm’, respectively). In Cl, 51% of CB-ir
cells belonged to type 11, 23% to type 111, 11% and 9% to
types I and IV, respectively; in EN, the distribution of
cell types was almost identical (Table I).

Comparison of CB-ir populations between Cl and EN
revealed that the distribution of somatic area of these cells
did not differ significantly (xzz 4.4,df=3, P>0.2) (Fig. 3).

CR-immunoreactivity

Due to the low CR-ir, ClI was clearly distinguishable
throughout its whole extent from neighboring structures
(Fig. 5A). In Cl, a moderate number of thin CR-ir fibers
and immunoreactive puncta were present. Characteristi-
cally, strongly stained fibers arranged along the
anteroposterior as well as dorsoventral direction
marked the medial border of Cl (Fig. 5B, D). More me-
dially, in the external capsule, an almost total lack of
CR-ir was observed.

The spatial distribution of CR-ir cells was aniso-
tropic; they were localized in the medial border of Cl

Fig. 2. Parvalbumin-immunoreactivity
in the claustrum (CIl) and the endo-
piriform nucleus (EN). (A) Coronal
section at bregma 3.5 mm; (B), (D)
claustrum; (C), (E) endopiriform nu-
cleus, (D) immunoreactive points on
the surface of unstained cells (basket —
arrowheads); (E) immunoreactive points
on the surface of immunopositive cells;
(F) spatial distribution of PV-immuno-
reactive cells on the coronal sections
through the anterior, central and poste-
rior part of the structures. One dot rep-
resents one labeled cell. Abbreviations:
(ec) external capsule; (ICx) insular cor-
tex; (ic) internal capsule; (NC) caudate
nucleus; (Pir) piriform cortex; (Pu)
putamen; (RF) rhinal fissure. (A) pho-
tomicrograph; (B)-(E) stack of confo-
cal laser scanning microscope images.
Scale bars: (A) 0.5 mm; (B)-(E) 0.05 mm.
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(Fig. 5B, F). Although their number was small, they pre-
dominantly belonged to cells of type 11 (42%) or, inter-
estingly, of type IV (35%).

The CR-ir in EN was low and immunoreactive somata
were observed sporadically (a single cell per three or four
coronal sections). Whereas the lateral border of EN was
difficult to distinguish from the neighboring deepest
layer of the piriform cortex, the medial border of EN was
clearly defined due to the lack of immunoreactivity of the
external capsule (Fig. 5C). In EN there were observed
thin fibers arranged perpendicularly to the surface of the
hemisphere, crossed by a considerably smaller number of
strongly stained fibers (Fig. SE).

Fig. 3. Distribution of somatic area of parvalbumin- (PV),
calbindin-D28k- (CB) and calretinin- (CR) immunoreactive
cells in the rabbit. (A) Claustrum; (B) endopiriform nucleus.
Significant differences were observed between the distribu-
tions of size of PV- and CB-ir cells in both the endopiriform
nucleus and the claustrum.

Fig. 4. Calbindin-D28k-immunoreactivity
in the claustrum (Cl) and the endopiriform
nucleus (EN). (A) Coronal section at
bregma 3.0 mm; (B) claustrum; (C), (D)
endopiriform nucleus; (D) immunoreac-
tive fibers within the endopiriform nucleus
with varicosities (arrowheads); (E) spatial
distribution of CB-immunoreactive cells
on the coronal sections through the ante-
rior, central and posterior part of the struc-
tures. One dot represents one labeled cell.
~, Abbreviations: (ec) external capsule, (ICx)
3/ insular cortex; (ic) internal capsule; (NC)
caudate nucleus; (Pir) piriform cortex;
(Pu) putamen; (RF) rhinal fissure. (A)
Photomicrograph; (B)-(D) stack of confo-
cal laser scanning microscope images.
Scale bars: (A) 0.5 mm; (B)-(D) 0.05 mm.
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DISCUSSION

The present study provides the first qualitative and
quantitative data on the distribution and relationships of
CaBP-ir neuron populations in the rabbit claustrum and
endopiriform nucleus.

The data concerning morphology of PV-ir cells indi-
cate variability of their shapes in different species (rat
(Druga et al. 1993), mouse (Real et al. 2003) and mon-
key (Reynhout and Baizer 1999)). In the rat Cl and EN,
the population of PV-ir cells consists of round and oval
neurons (Druga et al. 1993), in the rabbit, fusiform, tri-
angular and polygonal neurons have been also observed
by us. In the mouse, polygonal cells prevail (Real et al.
2003). In the monkey, besides cells of circular, oval or
elongated somata, some cells with bodies resembling
cortical pyramidal neurons were observed (Reynhout
and Baizer 1999). The latter can possibly correspond to
cells of type IV observed by us in the rabbit, but not
found in the rat (Druga et al. 1993).

Contrary to PV-ir cells, morphology of CB-ir cells in
both Cl and EN among species is, to a large extent, simi-

Fig. 5. Calretinin-immunoreactivity in
the claustrum (Cl) and the endopiriform
nucleus (EN). (A) Coronal section at
bregma 2.5 mm; (B), (D) claustrum;
(C), (E) endopiriform nucleus (D)
immunoreactive fibers parallel to the
external capsule (arrowheads); (E)
immunoreactive fibers perpendicular to
the external capsule (arrowheads); (F)
spatial distribution of CR-immunoreac-
tive cells on the coronal sections
through the anterior, central and poste-
rior part of the structures; one dot repre-
sents one labeled cell. Abbreviations:
(ec) external capsule; (ICx) insular cor-
tex; (ic) internal capsule; (NC) caudate
nucleus; (Pir) piriform cortex; (Pu)
putamen; (RF) rhinal fissure. (A) Pho-
tomicrograph; (B)-(E) stacks of confo-
cal laser scanning microscope images.
Scalebars: (A) 0.5 mm; (B)-(E) 0.05 mm.

lar. Almost the same three types of cells are observed in a
mouse, rat, rabbit and monkey: the small multipolar cells,
the large multipolar cells and bipolar ones (Druga et al.
1993, Real et al. 2003, Reynhout and Baizer 1999). Cells
of triangular shape observed by us in the rabbit, and by
Druga et al. in the rat, are not observed in the monkey.

Data on the morphological differences on CR-ir
across species are only fragmentary. Among various
types of CR-ir cells, those of bipolar shape were the
most numerous in the monkey (Reynhout and Baizer
1999) and mouse (Real et al. 2003). This observation
does not agree with our data indicating the prevalence of
cells of type Il and IV. However, the detailed analysis of
3D-reconstruction of some bipolar cells (especially
those with more than two processes) can classify them
as cells of type I or 11.

Present study has shown that populations of CaBP-ir
neurons are not homogeneous but comprise several
subpopulations based on morphology of neuronal pro-
cess, perikaryal shape and size. Druga and coauthors
(1993) and Reynhout and Baizer (1999), on the basis of
data concerning CaBP-ir neuronal populations of the



studied region in the rat and monkey, suggested almost
exclusive (except some of PV-ir neurons in monkey)
confinement of these subpopulations to interneurons.
According to previous studies from various species,
based on Golgi staining (Braak and Braak 1982, Brand
1981, Dinopoulos et al. 1992, LeVay and Sherk 1981,
Mamos et al. 1986, Rowniak et al. 1994, Spahn and
Braak 1985) Cl and EN neurons without spines on den-
drites are probably interneurons, while those with
spines are projective ones. In the rabbit Cl and EN
(Wasilewska and Najdzion 2001), all types of neurons,
in Golgi staining, possessed spines; only among multi-
polar neurons — aspiny ones were sporadically ob-
served. It indicates that population of interneurons in
rabbit Cl and EN is rather small. It was confirmed by
other authors (Gomez-Urquijo et al. 2000, Kowianski et
al. 1996); according to their data only 6-12% of neurons
in Cland 12% in EN were neurons of a local network.

Although immunohistochemical labeling for CaBPs
cannot directly indicate the presence of spines,
"spine-like" structures were described (Pitkdnen and
Amaral 1993). In the rabbit, such structures were not ob-
served, so at least part of the subpopulation of cells con-
taining CaBPs in Cl and EN may be treated as
interneurons. Moreover, morphological properties of
CaBP-ir neurons of type I-III correspond to those of
GABA-ergic cells described in the rabbit claustrum by
Gomez-Urquijo and coauthors (2000).

Another observation that can speak in favor of hypoth-
esis of the critical role of CaBP in the local neuronal net-
work is the fact that in the rabbit claustrum, PV-ir
basket-like plexuses very often surround unlabeled cells.
Such plexuses were also observed in the amygdaloid nu-
clei (Kemppainen and Pitkdnen 2000, McDonald and
Betette 2001, Pitkénen and Kemppainen 2002, Sorvari et
al. 1995) and neocortex (DeFelipe 1997). The presence
of plexuses indicates that at least part of the population of
PV-ir cells observed by us in the rabbit consists of
GABA-ergic basket cells and can be treated as intern-
eurons (Hendry et al. 1989). Also the similarity of mor-
phology between cortical interneurons containing CaBPs
(DeFelipe 1997, Frassoni et al. 1998, Kubota and Jones
1993) and CaBPs neurons of Cl and EN can also confirm
this hypothesis, as according to morphological and physi-
ological data (Shibuya and Yamamoto 1998), the popula-
tions of claustral and neocortical neurons are similar. The
ontogenetic relations of the claustrum, endopiriform nu-
cleus and cortex should be also taken into account (Puelles
et al. 2000, Swanson and Petrovich 1998).
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The presence of CaBPs in projective neurons was de-
scribed for various structures (DeFelipe 1997,
Kawaguchi 1997, Lewis et al. 2001), also in the rabbit
(Gonzalez-Soriano et al. 2000). The possibility that in
this species, the part of the neuronal population contain-
ing CaBPs in Cl and EN are projective cells cannot be
excluded. The morphological similarity of Cl and EN
cells of type IV in the rabbit to GABA-negative
amygdaloid neurons (especially those CB- and CR-ir,
(Kemppainen and Pitkdnen 2000)) as well as cortical
pyramidal neurons (DeFelipe 1997) could sustain this
hypothesis. Moreover, varicosities observed by us on
immunoreactive fibers in Cl and EN may correspond to
previously described fibers connecting Cl and EN
(Lipowska et al. 2000), as well as connecting Cl with
cortical areas (Zhang et al. 2001). PV-ir fibers, being
putative axon terminals of neurons originating from the
mediodorsal thalamic nucleus, were also observed in
the prefrontal cortex (Lewis et al. 2001).

In spite of fact that CaBPs are not confined to any spe-
cific neuronal subpopulation in claustrum and
endopiriform nucleus, CaBP-ir allows to differentiate
these structures. According to our results PV- and
CR-immunoreactivity can show it most clearly. Even
taking into account both qualitative and quantitative
data (spatial distribution of cells, the number of cells per
unit area, distribution of neuronal types, distribution of
somatic size, immunoreactivity of neuropil) CB-ir is
similar in both studied structures. In the rat, CaBP-ir
also allows clear differentiation of Cl and EN (Druga et
al. 1993). Rat endopiriform nucleus shows more intense
CB-ir as compared with the claustrum, while the latter is
characterized by larger number of PV-ir cells, larger
amount of PV-ir processes and points.

Significant differences between Cl and EN observed
in rat and rabbit might be related with ontogenesis.
Previous study (Bayer and Altman 1991) showed that
neurons of Cl were generated in the neocortical neuro-
epithelium, whereas neurons of EN — in neuro-
epithelium of the lateral ventricular angle. According to
the other report (Puelles et al. 2000), neurons of Cl and
EN derive from the lateral and ventral pallium, respec-
tively. The latest studies on rabbit embryos (Reblet et al.
2002) indicate that neurons of Cl originate from two dis-
tinct populations of cells from both lateral and medial
walls of the lateral ventricular angle, whereas neurons
of EN come only from medial one.

On the contrary, in the monkey no significant differ-
ences in the CaBPs immunoreactivity between Cl and EN
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are present (Reynhout and Baizer 1999). It indicates that
other than developmental factor takes part in forming of
final neurochemical properties of these structures.

While spatial homogeneity of cells containing PV or
CB in the rabbit as well as in other species (Druga et al.
1993, Reynhout and Baizer 1999) does not fit the well
documented presence of the various projective zones in
the claustrum of different species (Kowianski et al.
1998, Pearson et al. 1982, Sadowski et al. 1997), distri-
bution of CR-ir neurons in the rabbit may correspond to
the limbic zone in this species (Majak et al. 2000).

Claustrum is placed among other structures as a con-
vergence zone where crossmodal processing takes place
(Banati et al. 2000, Calvert 2001, Hadjikhani and
Roland 1998), although axons of claustral cells project-
ing to specified cortical areas and also sending
collaterals to other cortical areas are very rarely (if atall)
observed (Kowianski et al. 1998, Macchi et al. 1983,
Majak et al. 2000). Thus, the possibility that neurons
containing calcium binding proteins (present in all pro-
jection zones) are engaged in crossmodal processing
cannot be excluded.

CONCLUSION

In the rabbit claustrum and endopiriform nucleus,
populations of parvalbumin, calretinin and calbindin
D28k containing neurons are not homogenous. Four
morphological types can be distinguished in each popu-
lation. The morphology of most calcium binding pro-
teins containing neurons indicates that they are
elements of local neuronal network. Significant differ-
ences between Cl and EN in the distribution of cells con-
taining CaBPs were observed in the rabbit. They could
be possibly related with ontogenesis.
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