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Abstract

The calcium-binding proteins calbindin (CB), calretinin (CR), and
parvalbumin (PV) have been extensively studied over the last decade
since they appear to be important as buffers of intracellular calcium. In
the present study we investigated the distribution of these proteins in
the chick visual system by means of conventional immunocytochem-
istry. The results indicated that CB, CR, and PV are widely distributed
in retinorecipient areas of the chick brain. In some regions, all three
calcium-binding proteins were present at different intensities and
often in different neurons such as in the dorsolateral thalamic com-
plex. In other areas, such as the nucleus geniculatus lateralis ventralis,
only CB and CR were detected, whereas PV was absent. These results
show that these three calcium-binding proteins are differentially dis-
tributed in the visual system of the chick, with varying degrees of co-
localization.
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In the nervous system, calcium ions con-
trol a myriad of processes, including fast
transport of molecules (1,2), synthesis and
release of neurotransmitters, and membrane
excitability (3,4). These actions depend
largely on calcium-binding proteins, which
mediate and modulate the actions of calcium
ions (5-8). A number of calcium-binding
proteins have been characterized as buffer-
ing proteins since they are associated with
the control of intracellular calcium levels
(9), and thus presumably with the protection
of the cells against death that might ensue
after an excess of intracellular calcium is
produced (10-12). Calbindin (CB), calretinin
(CR), and parvalbumin (PV) are among the
buffer-type calcium-binding proteins and,
although their exact function in neurons is
far from being elucidated, they have been
extensively used as neuronal markers (13,14).
In the present study, we used immunocy-

tochemical techniques to map the distribu-
tion of CB, CR, and PV in retinorecipient
areas of the chick brain, as the first step of a
project aimed at characterizing their func-
tional organization in the visual system.

Six 1- to 15-day-old chicks (Gallus gallus)
were used in this study. The animals were
deeply anesthetized with ketamine (1 mg/
100 g body weight, im) and xylazine (2 mg/
100 g, im) and perfused through the heart
with phosphate-buffered saline and 4% para-
formaldehyde in 0.1 M sodium phosphate
buffer (PB), pH 7.4. After 5 h of postfixation,
the brains were transferred to a 30% (w/v)
sucrose solution in PB to ensure cryoprotec-
tion. Coronal sections (30 µm) of the frozen
brains were cut with a sliding microtome.
The free-floating brain sections were incu-
bated with monoclonal mouse antisera against
CB and PV (Sigma Chemical Co., St. Louis,
MO), diluted 1:2,000 in PB containing 0.3%
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Triton X-100 (TX-100) and 5% normal goat
serum (NGS), for 14-18 h at room tempera-
ture. Brain sections were also incubated with
a polyclonal rabbit antiserum against CR
(Chemicon, Temecula, CA), diluted 1:500
in PB containing 0.3% TX-100 and 10%
NGS. After washing 3 times with PB (10 min
each) the sections were incubated with a
biotinylated goat anti-mouse antiserum (Jack-
son Labs, West Grove, PA) for CB and PV,
and a goat anti-rabbit antiserum (Jackson
Labs) for CR, all diluted 1:200 in PB with
0.3% TX-100, for 1 h at room temperature
and then washed with PB and incubated with
an avidin-biotin-peroxidase complex (ABC
Elite, Vector Labs, Burlingame, CA) for 1 h.
After incubation with 0.05% 3-3’-diamino-

benzidine and 0.3% hydrogen peroxide in
PB and intensification with 0.05% osmium
tetroxide in water, the sections were mounted
on gelatin- and chromoalumen-coated slides,
dehydrated, cleared and coverslipped with
Permount (Fisher, Pittsburgh, PA). In many
instances the sections were counterstained
with Giemsa (15). The intensity of immu-
noreactivity for CB, CR, and PV in the neu-
ropil and perikarya of retinorecipient areas
of the chick brain was subjectively rated
from absent to very intense. The retinore-
cipient areas of the chick brain were identi-
fied according to a stereotaxic atlas (16). No
attempt was made to quantify the intensity of
staining in perikarya or the number of stained
perikarya.

Table 1 - Distribution of the calcium-binding proteins calbindin (CB), calretinin (CR) and parvalbumin (PV) in
retinorecipient areas of the chick brain.

AP, Area pretectalis; GLv, nucleus geniculatus lateralis, pars ventralis; IGL, intergeniculate leaflet; LMmc,
nucleus lentiformis mesencephali, pars magnocellularis; nBOR, nucleus of the basal optic root; TeO, tectum
opticum; OPT, nucleus opticus principalis thalami.

CB CR PV

Structures Perikarya Neuropil Perikarya Neuropil Perikarya Neuropil

AP
GLv
IGL
LMmc
nBOR
TeO Layer 1

Layer 2
Layer 3
Layer 4
Layer 5
Layer 6
Layer 7
Layer 8
Layer 9
Layer 10
Layer 11
Layer 12
Layer 13
Layer 14
Layer 15

OPT

AbsentAbsentAbsentAbsentAbsent
SlightSlightSlightSlightSlight
ModerateModerateModerateModerateModerate

IntenseIntenseIntenseIntenseIntense
Very intenseVery intenseVery intenseVery intenseVery intense
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Immunoreactivity to antibodies against
CB, CR, and PV was found in almost all
retinorecipient structures of the chick brain
studied. Table 1 shows the distribution of the
three calcium-binding proteins in the visual
areas of the chick brain. CB-like immunore-
activity (CB-LI) was observed in each reti-
norecipient area, and was especially intense
in perikarya of the area pretectalis. Most CB-
LI cells were small- to medium-sized and
labeled perikarya were absent only in layers
11 and 12 and in soma-free layers (1, 7, and
14) of the optic tectum. Marked neuropil
staining for CB-LI was found in the area
pretectalis and layers 5 and 6 of the optic
tectum. Only layers 10-12 of the tectum
were devoid of CB-LI in the neuropil (Figure
1).

Perikarya staining for CR-LI was intense
or very intense in the nucleus opticus
principalis thalami, the nucleus intergenicu-
latus, the nucleus lentiformis mesencephali,
pars magnocellularis, and the nucleus of the
basal optic root, whereas neuropil staining
for CR-LI was very marked in the last three
structures and layer 1 of the optic tectum.
Cell bodies exhibiting CR-LI were also usu-
ally small- to medium-sized, but a few were
large. Such cells were absent only in layers 8
and 10 of the tectum, besides the soma-free
layers, and neuropil staining for CR-LI was
present in each retinorecipient structure.

Perikarya staining for PV-LI was very
pronounced in layers 4 and 10 of the optic
tectum, and in the nucleus of the basal optic
root. These neurons were small-, medium-,
or large-sized, and were not found in the
nucleus geniculatus lateralis ventralis or layer
15 of the optic tectum. Neuropil staining for
PV-LI was very intense only in the nucleus
of the basal optic root and layer 4 of the
tectum, and absent only in the nucleus
geniculatus lateralis ventralis.

These results indicate that the calcium-
binding proteins CB, CR, and PV are exten-
sively distributed in the visual system of the
chick, in agreement with an earlier sugges-

Figure 1 - Digital images of coro-
nal sections of the chick brain
illustrating the pattern of immu-
noreactivity for calbindin (CB),
calretinin (CR), and parvalbumin
(PV) in the optic tectum. The
numbers in the middle image in-
dicate the approximate localiza-
tion of the different tectal lay-
ers. Scale bar: 100 µm.

tion that these proteins may play a role in cell
signaling in sensory systems (6). The fact
that all three types of calcium-binding pro-
teins were found in small cells might suggest
a possibility of co-localization with the neu-
rotransmitter GABA (6), as in the pigeon
visual areas, where CB-LI and PV-LI par-
tially co-localize with GABAergic interneu-
rons (17). However, double-labeling experi-
ments are needed to directly verify this pos-
sibility. In some regions, however, neurons
staining for PV-LI are clearly projection neu-
rons, such as the CR-LI and PV-LI large
neurons in the nucleus of the basal optic root
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(18). It should be stressed that the antibodies
used in this study may not have been able to
recognize the presence of CB, CR and PV in
some visual neurons. The richness of stain-
ing observed for all three antibodies in reti-
norecipient areas of the chick brain suggests
that the expression of these proteins may be
regulated by retinal innervation, as demon-
strated for the pigeon tectum in an earlier
study (19). Furthermore, the possibility ex-
ists that at least part of the neuropil staining
in those brain areas is due to staining of
retinal axons themselves, as is the case for
layer 1 of the tectum, which contains mostly
retinal axons. Experiments are underway in
our laboratory to address these specific ques-
tions.

In summary, the present results indicate
that visual neurons of the chick brain might
use different calcium-binding proteins in their
functional organization and, in some cases,
more than one type of buffer-type protein.
These findings are probably linked to the
intrinsic neuronal organization of each reti-
norecipient structure, given the fact that the
retinal input itself is, at least chemically,
rather uniform, with all retinal ganglion cells
using glutamate as their central neurotrans-
mitter.

Acknowledgments

We thank Mr. Adilson S. Alves for tech-
nical assistance.

References

1. Wasserman RH & Fullmer CS (1982). Vita-
min D-induced calcium-binding protein. In:
Cheung WYH (Editor), Molecular Biology.
An International Series of Monographs
and Text Books.  Academic Press, New
York, 175-216.

2. Bronner F, Pansu D & Stein WD (1986).
Analysis of calcium transport in rat intes-
tine. Advances in Experimental Medicine
and Biology, 208: 227-234.

3. Körh G, Lambert CE & Mody I (1991).
Calbindin 28 K levels and calcium currents
in acutely dissociated epileptic neurons.
Experimental Brain Research, 85: 543-
551.

4. Yamaguchi T, Winsky L & Jacobowitz DM
(1991). Calretinin, a neuronal calcium bind-
ing protein, inhibits phosphorylation of a
39 kDa synaptic membrane protein from
rat brain cerebral cortex. Neuroscience
Letters, 131: 79-82.

5. Celio MR (1989). Calcium-binding proteins
in the brain. Anatomy and Embryology,
94: 227-236.

6. Celio MR (1990). Calbindin D-28K and
parvalbumin in the rat nervous system.
Neuroscience, 35: 375-475.

7. Baimbridge KG, Celio MR & Rogers JH
(1992). Calcium-binding proteins in the
nervous system. Trends in Neuro-
sciences, 15: 303-308.

8. Rogers J, Khan M & Ellis J (1990).
Calretinin and other CaBPs in the nervous
system. Advances in Experimental Medi-
cine and Biology, 269: 195-203.

9. Kawaguchi Y, Katsumaru H, Kosaka T &
Heizmann CW (1987). Fast spiking cells in
the rat hippocampus (CA1 region) contain
the calcium binding protein parvalbumin.
Brain Research, 416: 369-374.

10. Baimbridge KG & Miller JJ (1984). Hippo-
campal calcium-binding protein during
commissural kindling-induced epilepto-
genesis: progressive decline and effects
of anticonvulsants. Brain Research, 324:
85-90.

11. Heizmann CW & Braun K (1992). Changes
in Ca2+-binding proteins in human neuro-
degenerative disorders. Trends in Neuro-
sciences, 15: 259-264.

12. Nitsch C, Scotti A, Sommacal A & Kalt G
(1989). GABAergic hippocampal neurons
resistant to ischemia-induced neuronal
death contain the Ca2+-binding protein
parvalbumin. Neuroscience Letters, 105:
263-268.

13. Résibois A & Rogers JH (1991). Calretinin
in the rat brain; an immunohistochemical
study. Neuroscience, 46: 101-134.

14. Braun K (1990). Calcium-binding proteins
in avian and mammalian central nervous
system: localization, development, and
possible functions. Progress in His-
tochemistry and Cytochemistry, 21: 1-64.

15. Iñiguez C, Gayosso MJ & Carreres J
(1985). A versatile and simple method for
staining nervous tissue using Giemsa dye.
Journal of Neuroscience Methods, 13: 77-
86.

16. Kuenzel WJ & Masson M (1988). A Ster-
eotaxic Atlas of the Brain of the Chick
(Gallus domesticus). Johns Hopkins
Press, Baltimore.

17. Domenici L, Waldvogel HJ, Matute C &
Streit P (1988). Distribution of GABA-like
immunoreactivity in the pigeon brain.
Neuroscience, 25: 931-950.

18. Britto LRG, Torrão AS, Hamassaki-Britto
DE, Mpodozis J, Keyser KT, Lindstrom
JM & Karten HJ (1994). Effects of retinal
lesions upon the distribution of nicotinic
acetylcholine receptor subunits in the
chick visual system. Journal of Compara-
tive Neurology, 350: 473-484.

19. Britto LRG, Gobersztejn F, Karten HJ &
Cox K (1994). Depletion and recovery of
calcium-binding proteins calbindin and
parvalbumin in the pigeon optic tectum
following retinal lesions. Brain Research,
661: 289-292.


