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Summary

Parvalbumin (PV), intracellular slow buffer regulates concentration of calcium ions protecting neurons
from its excitotoxicity. This protein was described in inhibitory neurons of neocortex in many species of
mammals, but its functions are not fully understood. In view of the absence of research on PV in the frontal
cortex layers of chinchillas, we decided to trace the distribution of PV-immunoreactive neurons, demonstrate
their intracellular locaition and describe their morphology. The aim of the study was also to compare the
immunoreactivity of this protein in chinchllas and other species of mammals. Samples of the frontal cortex
from 5 sexually mature chinchilla lanigera males was taken for the examination and after appropriate
fixation, peroxidase-antiperoxidase immunohistochemical reaction was carried out with a monoclonal
antibody against parvalbumin. In molecular layer (I) no nerve cells with PV expression of the examined
protein were found but intensive PV immunoreactivity was observed in scattered neurons of the following
layers: external granular (IT), external pyramidal (III), internal granular (IV), internal pyramidal (V) and
heteromorphic cells (VI). Within layer II and IV few, small, stellate, oval and fusiform cells were detected with
intensive immunoreactivity in cell bodies and initial processes. Layers III and IV showed neurons of various
sizes and shapes. Only layer V was characterized by the presence of the examined protein expression in
pyramidal cells. Whereas, layer VI contained slightly more heteromorphic neurons with intensive PV
immunoreactivity. In all examined layers of chinchilla's frontal cortex protein localized nuclearly and
cytoplasmicly in cells. The obtained results of our own research concerning PV expression in different layers
of frontal cortex show similarities and slight differences between species. Nerve cells containing PV should be
considered as a specific subpopulation of GABAergic interneurons, which modulate the excitability of other
neurons affecting the stability of neuronal nets in frontal cortex of chinchilla langera.
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Many brain areas contain parvalbumin (PV), a neuro-
chemical marker for the subpopulation of GABAergic
interneurons. This slow calcium buffer, belonging to
the family of “EF-hand” proteins, regulates the concen-
tration of calcium ions in the cell cytoplasm. The neo-
cortex is made up of six layers: molecular (I), external
granular (II), external pyramidal (III), internal granu-
lar (IV), internal pyramidal (V) and polymorphic cells
(VI). Among the neurons of the neocortex layers there
are two morphologically and functionally different
basic types of cells. Principal excitatory neurons con-
taining glutamate as a neurotransmitter do not show
PV presence. They make up about 70% of all nerve
cells of the cerebral cortex. Their long axons project

to cortical and subcortical areas. The remaining 20-
-30% of cells are inhibitory interneurons, most of which
contain y-aminobutyric acid (GABA), and their short
axons do not extend beyond the neocortex. They are
local, morphologically and functionally heterogenous
neurons modulating the functions of the neocortex.
Interneurons have been classified into several sub-
types because of the content of different calcium-
-binding proteins (parvalbumin-PV, calbindin D28k-CB,
calretinin-CR), the presence of y-aminobutyric acid
(GABA), neuropeptides and morphological hetero-
geneity, as well as junctions with other nerve cells (6,
7, 19, 23). The distribution and morphology of inter-
neurons containing PV immunoreactivity has been well
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described in many areas of the
neocortex in various mammalian
species (4, 8,9, 11, 18). However,
calcium-binding proteins, inclu-
ding PV, are still a research topic
because their functions are not
fully understood. Interneurons
are involved in changes in the
excitability and activity of inhibi-
tory and excitatory neurons, in the
short-term plasticity of synapses,
and they stabilize neuronal nets
within the neocortex (3, 23).

In view of the absence of research
on PV in the frontal cortex layers
of Chinchilla lanigera, we decided
to trace the distribution of neurons
immunoreactive for this protein,
describe their morphology, demon-
strate their intracellular location
and compare the results of our
examinations with similar studies
on primates and other mammals.

Material and methods

Our examinations were carried out on 5 sexually mature
(about 1.5 year old) chinchilla males from the RABA farm
in Myslenice. Immediately after the slaughter, their skulls
were opened, the brains were removed, and the frontal cortex
was excised. The frontal cortex was fixated, embedded in
paraffin blocks by the routine histological technique, and
cut into 6 pm-thick slices. The slices were exposed to 0.4%
H,0, for 30 min. in order to inhibit endogenous peroxidase
activity. To remove the background staining, the slices
were treated with 10% goat serum for 20 min. Peroxidase-
-antiperoxidase immunohistochemical reaction (PAP) was
carried with a mouse-specific monoclonal antibody against
PV (24). Next, a secondary monoclonal antibody against
mouse immunoglobulins and a monoclonal peroxidase-
-antiperoxidase complex were used. Diaminobenzidine
(DAB) was used as a chromogen. Reaction specificity
control was carried out by omitting the primary antibody or
replacing it with normal goat serum. Brown PV immuno-
positive neurons were analyzed and photographed under
a light microscope Axiolab (Zeiss).

Results and disscusion

No nerve cells with parvalbumin expression (PV)
were detected in the molecular layer (I). Intensive
parvalbumin immunoreactivity was observed, however,
in scattered neurons of the other layers of the male
chinchilla’s frontal cortex: external granular (1), exter-
nal pyramidal (III), internal granular (IV), internal
pyramidal (V) and heteromorphic cells (VI) (Fig. 1).
Nerve cells showed heterogeneity in terms of the size
and shape of the cell bodies. In external granular (II)
and internal granular (IV) layers few small fusiform,
stellate and oval cells characterized by intensive PV
expression were observed. The external pyramidal
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Fig. 1. PV immunoreactivity, layers I-VI  Fig. 2. PV immunoreactivity, layer III of
of frontal cortex (magn. approx. 100 x)

frontal cortex (magn. approx. 1000 x)

layer (III) contained quite a number of stellate, oval,
round and fusiform neurons of various sizes and
shapes with intensive brown PV reaction product in
cell bodies and initial nerve processes (Fig. 2). The
internal pyramidal layer (V), just like the external
pyramidal layer (III), was characterized by intensive
PV immunoreactivity in numerous heteromorphic nerve
cells. Fusiform, oval and mostly stellate neurons of
large sizes were scattered within the internal pyra-
midal layer (V). Intensive PV immunoreactivity in this
layer was also shown by pyramidal neurons (Fig. 3).
The polymorphic cell layer (VI) contained slightly more
neurons with intensive PV expression in comparison
with layers II and IV (Fig. 4). In all analyzed layers
of the male chinchilla’s frontal cortex, the protein
was located in oval or spherical cell nuclei, as well as
cytoplasmically in perikaryons and initial processes
of neurons. Brown, intensive nuclei and cytoplasm
immunostaining was similar in most cells. Some large
heteromorphic and pyramidal cells were characterized
by more intensive nuclei staining in comparison with
the cytoplasm. Especially in pyramidal neurons brown
granules located near neurolemma were observed
(Fig. 3).

The layered arrangement of PV-immunopositive
neurons in the frontal cortex of C. lanigera shows
similarities and differences between species. In our
studies, neurons with the expression of the calcium-
-binding PV was not observed in layer I of the frontal
cortex, just as in other mammalian species (2, 5, 11,
12, 18, 20). Scattered PV-immunopositive nerve cells
were revealed in all other layers of the chinchilla’s
frontal cortex. Numerous neurons with parvalbumin
expression were found mainly in layers IIT and V, less
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Fig. 3. PV immunoreactivity, layer V of
frontal cortex (magn. approx. 1000 x)

numerous in layer VI, and few in layers II and IV.
Similarly, most neurons with intensive PV immuno-
reactivity were demonstrated in neurons of layers III
and V, and in layers IV and VI of the rabbit’s cerebral
cortex. The most numerous neurons with parvalbumin
expression were found in layers III and V but also
numerous in the remaining layers of the dog’s neo-
cortex (12). In the chinchilla’s layer II few cells with
parvalbumin expression were observed, just as in the
rat’s, mouse’s and rabbit’s visual cortex (10, 11, 15,
18). In comparison with some mammalian species,
layers IV and VI of the chinchilla’s cerebral cortex
contain less PV-immunoreactive neurons (1, 12, 16,
18). However, as in the chinchilla, less numerous
neurons with PV expression in these layers were also
demonstrated in cats, mice and hamsters (5, 17). In
the rat’s visual cortex most PV-positive neurons were
observed in layer IV-72.8% and in layer V-69.9%, less
in layer VI-52.8%, whereas layers II and III contained
37.2% of them (10, 11). PV-immunoreactive neurons
of the frontal cortex in the examined species of
rodents expressed heterogeneity in terms of the
morphology and size of cell bodies. Different sizes of
round, oval, stellate and sometimes fusiform nerve cells
were observed. These types of neurons were similar to
those identified in the rat’s frontal cortex and in the
visual cortex in humans, monkeys (1), cats (5), dogs
(12), mice (11), hamsters (17), rats (14, 15) and
rabbits (18). In all mammalian species PV-positive
neurons were defined as nonpyramidal nerve cells. Our
studies reveal that some large pyramidal neurons are
characterized by intensive PV expression. These neu-
rons are distributed only in layer V of the chinchilla’s
frontal cortex, as in the neocortex of dogs and in the

Fig. 4. PV immunoreactivity, layer VI of
frontal cortex (magn. approx. 1000 x)
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motor and somatomotor area of
monkeys and humans (12, 20).
Pyramidal PV-immunoreactive
neurons were also observed in the
neocortex of gerbils and in the
CAL area of the dog’s hippocam-
pus (2, 13).

, Our examination results reveal
®  a similar intracellular location
of parvalbumin in all neurons of
layers II-VI of the chinchilla’s
frontal cortex. PV expression was
observed in the neuroplasm of cell
bodies in the initial segments of
nerve processes and in nuclei.
Some neurons of layer V showed
brown granules located near
neurolemma. Many cells were
characterized by more intensive
immunoreactivity in cell nuclei in
comparison with the cytoplasm.
Parvalbumin was considered
primarily as a cytoplasmic buffer
of calcium ions present in the
perikaryons and axons of nerve cells. Furthermore, on
the basis of examinations of Purkinje’s neurons of the
cerebellar cortex, PV was also labeled in cell nuclei,
which suggests that this mobile protein of low mole-
cular weight can be transported passively through
nuclear pores and affect gene expression (21, 22).

Using the immunohistochemical double labeling of
neurons for parvalbumin and inhibitory neurotrans-
mitter of y-aminobutyric acid (GABA), it was found
that they represent about 39% of all GABAergic cells
in the adult mouse’s visual cortex, and about 50.8% in
rats. In the rat’s frontal cortex they were demonstrated
in about 40% of all GABAergic cells. In addition, few
GABAergic neurons containing PV simultaneously
showed immunoreactivity for calbindin D-28k and
constituted 6% in the rat’s frontal cortex located in
deeper layers V and VI and 4% in the mouse’s visual
cortex (10, 11, 25). Parvalbumin buffering intracellular
calcium ion concentration performs a neuroprotective
function and affects the regulation of synaptic plasti-
city. This chemical marker is contained in two sub-
populations of inhibitory GABAergic interneurons.
One of them is made up mostly of large vertically orien-
ted multipolar basket interneurons (basket cells-Bces)
located mainly in layers III-VI and in layer II of the
cerebral cortex. Their axons do not extend beyond the
neocortex and appear in the form of baskets on the
bodies and proximal dendrites of target neurons, i.e.
other interneurons and excitatory nerve cells. Axonal
nerve endings forming electrical and chemical synapses
harmonize cortical activity and are involved in the
plasticity of neuronal transmission. In this way they
affect the synchronization and oscillatory activity of
a much larger population of excitatory pyramidal
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neurons. Other, less numerous interneurons are hetero-
morphic: oval, stellate and fusiform chandelier cells
innervating the initial segments of the pyramidal axons
of excitatory neurons and forming inhibitory, sym-
metrical synapses with them. They are scattered, like
basket cells in layers II-VI, and they are non-spinous
interneurons which do not innervate other interneu-
rons. Some of them contain not only PV, but also CB.
Both subpopulations of GABAergic interneurons
were included in the category of fast-spiking cells,
modulating not only the activity of GABAergic cells,
but also excitatory pyramidal neurons, which stabilize
neuronal nets in the neocortex (3, 6, 22, 23).

The present study provides new information on the
morphology and distribution of neurons immunoposi-
tive for parvalbumin in the layers of the chinchilla’s
frontal cortex. The distribution of neurons in the frontal
cortex in chinchillas is slightly different than but
similar to that in other mammalian species. The data
obtained suggest that there can be two subpopulations
of’basket and chandelier GABAergic interneurons. PV
expression in these cells appears to be involved in the
regulation of calcium levels and thus participate in the
stabilisation of neuronal nets.
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