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Several proteins have their normal patterns of distributions altered by monocular visual
deprivation.We studied the distribution of the calcium-binding proteins calbindin-28kD (Cb)
and parvalbumin (Pv) in V1 in normal adult Cebus apella monkeys and in monkeys with
monocular retinal lesions. In normal monkeys, the interblobs regions in layers 2/3 and the
layer 4B are intensely labeled for Cb, while Pv reaction showed a complementary labeling
pattern with a stronger staining in layers 4A, 4C and in the blob regions in layers 2/3. In
monkeys with monocular retinal lesion, the laminar distribution of these proteins was
differentially affected, although both reactions resulted in stronger labeling in non-deprived
ocular dominance columns. While Cb reaction resulted in stronger labeling in layers 1
through 5, Pv labelingwas heavier in layers 2/3, 4A and 4C. Therewas a clear reduction in the
intensity of neuropil staining for both Pv and Cb in deprived ocular dominance columns with
little or no reduction in number of labeled cells. This reduction could thus be attributed to
activity-dependent changes at synapses level.
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1. Introduction

In thevisual systemof several species, retinal lesionsor long term
ocular occlusions promote alterations in the pattern of distribu-
tion of many proteins, including the calcium-binding proteins
calbindin-28kD (Cb) and parvalbumin (Pv) (Blümcke et al., 1991;
HendryandBhandari, 1992;Mizeet al., 1992b; Blümckeetal., 1994;
Carder et al., 1996; Horton andHocking, 1998; Arckens et al., 2000;
Matsubaraet al., 2001; Soares et al., 2005). CbandPvarecytoplasm
proteinsmembersof theEF-hand familyofproteins. Eachof these
proteins can buffer the intracellular calcium ion in specific ways,
and they are capable of altering many cellular functions,
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including the time course of action potentials. They also play a
role in the protection of the cells against the damaging effects of
excessive calcium influxduringprolongedperiodsof high activity
(Heizmann and Hunziker, 1991; Chard et al., 1993; Caillard et al.,
2000; Blatow et al., 2003). Previous study showed evidence that
both Cb and Pv proteins are important under conditions of N-
methyl-D-aspartate (NMDA) receptor activation and consequent
calcium influx (Kawaguchi and Kubota, 1993). These conditions
are related to plastic changes in the cerebral cortex (Fonta et al.,
1997). In primary visual cortex (V1) of adultMacaquemonkeys, an
OldWorld primate, aftermonocular visual deprivation, Cb and Pv
are differentially reduced indeprivedocular dominance columns,
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both in number of cells and in neuropil intensity (Blümcke et al.,
1994; Gutierrez and Cusick, 1994; Carder et al., 1996).

Studies inV1of variousspeciesofprimates showedthat these
proteins are labeled in different GABAergic cells: Cb is labeled in
double-bouquet cells,whilePv is labeled inbasketandchandelier
cells (DeFelipe et al., 1989a,b; Hendry et al., 1989; Hendry and
Carder, 1993). In addition, their laminar distributions in V1 are
different andcomplementary,withnoco-localization:Cb labeled
cells are mainly found in layers 2/3 while Pv labeled cells and
neuropil are mainly observed in layer 4 (Hendry et al., 1989;
Blümcke et al., 1994; Johnson andCasagrande, 1995; Carder et al.,
1996; Goodchild and Martin, 1998). A similar pattern of labeling
has been described in V1 of several non-primate species
(Demeulemeester et al., 1989; Celio, 1990; Ichida et al., 2000).
Although there are several similarities in the expression of these
proteins among different primate species, differences have also
been reported (Celio et al., 1986; Hendry et al., 1989; Blümcke et
al., 1990, 1991; Hendry and Carder, 1993; Johnson and Casa-
grande, 1995; Goodchild and Martin, 1998).

In this study, we investigated the distribution of Cb and Pv in
V1 of normal adult Cebus apella monkeys, a diurnal, medium
sizedNewWorldprimate, comparable inmanyaspects to theOld
WorldmonkeyMacaca fascicularis (Le Gros Clark, 1959; Freese and
Oppenheimer, 1981). Based on brain size, sulcal pattern and
diurnalhabits, theNewWorldmonkeyCebus ismorecomparable
to the Old World monkey Macaca than to smaller New World
monkeys, like Callithrix and Saimiri, which have smaller and less
convoluted brains; furthermore, Callithrix and Saimiri present
differences in the organization of the striate cortex and extra-
striate cortex (Gattass and Gross, 1981; Gattass et al., 1981, 1987,
1988, 1990; Rosa et al., 1988, 1992; Fiorani et al., 1989; Sengpiel et
al., 1996; Chappert-Piquemal et al., 2001; Rosa, 2002). In addition,
we studied the alterations in the distribution of these proteins in
V1 of Cebus after restricted retinal lesions to investigate the
changes in the expression of these calcium-binding proteins
caused by lack of normal retinal inputs. Therefore, this studywill
allowanopportunal comparisonof the organizationof the visual
cortex in normal and deprived New and Old World monkeys,
based on similarities and differences on the distribution of the
calcium-binding proteins in V1.
2. Results

2.1. Normal distribution of Pv and Cb

In V1 of normal adult Cebus monkeys, Pv and Cb proteins
showed a nearly complementary pattern, both inmodular and
laminar distributions. Figs. 1A and 2A show thenormal pattern
of CytOx staining in sections of V1: CytOx is weakly labeled in
layer 1, in the interblobs regions in layers 2/3, in layers 4B and 5
and moderately labeled in layer 6. Strong labeling of CytOx is
observed in theblobs in layers 2/3 (Figs. 2Aand3A), aswell as in
layers 4A and 4C. In addition, in Fig. 1A, we can observe that
layer 4C canbe further divided into two sublayers: 4Cα and4Cβ.
Sublayer 4Cβ occupies the inferior half of layer 4C and is darker
than sublayer 4Cα, located in the upper half of layer 4C.

Figs. 1B and 2B illustrate the normal distribution of Pv in V1.
Pv distribution follows a pattern similar to CytOx staining, that
is, Pv is weakly labeled in layer 1, moderately labeled in layers
2/3, 4B, 5 and 6 and intensely labeled in layers 4A and 4C.
Similarly, within layer 4C, sublayer 4Cβ is darker than 4Cα.
Using a low gain objective (2.5×) to analyze Pv reacted sections,
we note a subtle modular distribution for Pv neuropil in layers
2/3 (Fig. 2B). Comparing each section with the adjacent section
reacted for CytOx (Fig. 2A), we observe that Pv neuropil is more
intensely labeled in regions which correspond to CytOx blobs
(Fig. 2C).

Comparisonof thedistributionofCbprotein (Fig. 1C)with that
of Pvprotein (Fig. 1B) showsanearly complementarydistribution
for theseproteins.Theneuropil is intensely labeled forCb in layer
2 and upper layer 3. We also observe a less intensely labeled
neuropil in layer 4B, in the superior half of layer 4Cβ and in a very
subtle belt in its inferior limit. Layers 4A, 5and6showedaweakly
labeled neuropil, while layer 1 and the inferior portion of layer 3
showed a moderate staining. When analyzing Cb reacted
sections with the same gain objective (2.5×) used in the analysis
of Pv reacted section, we can also observe a clear modular
distribution of neuropil and cell bodies in layers 2/3 (Fig. 3B). The
superposition of these sections onto adjacent sections reacted
for CytOx shows that Cb is labeled preferentially in regions
corresponding to interblobs; however, there is also labeling in
some blob regions (Fig. 3C).

In V1 of Cebus monkeys, both Pv and Cb labeled multipolar
cells, whichwere, inmajority, oval and rounded in shape (Figs.
4 and 5). Pv labeled cells weremore numerous in layers 2/3 and
layer 4C (Fig. 1B), while Cb labeled cellsweremore numerous in
supragranular layers (Fig. 1C). For both proteins, we found no
cell bodies in layer 1 of V1. In this layer, we only observed
cellular processes which originate from cells located in lower
layers. Pv labeled cells were large (≥12 μm of diameter) and
medium sized (≥6 μm and <12 μm of diameter), while Cb
labeled cells were medium and small sized (<6 μm of
diameter).

Quantitative analysis of the distribution of Pv labeled cells
shows that these cells were more numerous in layers 2/3 and
layer 4C, mainly in sublayer 4Cβ. Layer 4A had a moderate
concentration of these cells, while layers 4B, 5 and 6 had fewer
cells. Analysis of Figs. 1B and 2B shows that these cells were
homogeneously distributed. Fig. 4A illustrates neurons in
layers 2/3, some are heavily labeled while others are lightly
stained, with long moderately labeled ascendant and descen-
dant processes. In sublayers 4Cα and 4Cβ, we also observe a
difference in relation to cell size: the majority of neurons of
sublayer 4Cα are large in sizewhile theneuronsof sublayer 4Cβ
are of medium size (Fig. 4B). In these sublayers, mainly in
sublayer 4Cβ, it is more difficult to see the cellular processes,
due to the strong labeling of the neuropil to Pv. Fig. 4C shows
neurons from layers 5 and Fig. 4D shows layer 6 with neurons
concentrated in its upper part.

In contrast, the quantitative analysis of Cb labeled cells
shows that these cells were more numerous in layer 2,
moderate in number in layers 3 and 5 and scarce in layers 4A,
4B, 4C and 6. In layers 2 and 3, as illustrated in Fig. 3B, these
neurons are more concentrated in the interblobs regions. In
layer 4A, we found few, sparsely distributed, intensely and
lightly labeledneurons,while in layers 4Band4Cweobserveda
large number of lightly labeled neurons and few moderately
labeled neurons homogeneously distributed throughout these
layers. In Fig. 5A, we can see neurons in layer 2 with long



Fig. 1 – Photomicrographs of adjacent coronal sections of V1 of adult normal Cebus stained for cytochrome oxidase
(CytOx) (A), Pv (B) and Cb (C). In A, the layers of V1 are delineated. Note the similarity of CytOx and Pv staining and a near
complementary distribution of Pv and Cb. Scale bar=500 μm.
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intensely labeled ascendant and descendant processes. Fig. 5B
depicts moderately labeled cells and the stumps of their
cellular processes in layers 4B and 4C. In layers 5 and 6, we
observe moderately labeled neurons with long horizontal
cellular processes and long ascendant and descendant pro-
cesses, as illustrated in Figs. 5C and D.

2.2. Distribution of Pv and Cb after retinal lesion

Fig. 6A shows a coronal section of V1 of one of the animals
with retinal lesion stained for Pv. The comparison of Fig. 6A
with B shows that the pattern of distribution for Pv is similar to
that of CytOx, where there is a reduction in the staining
density in the blobs in layers 2/3 as well as in layers 4A and 4C,
in regions corresponding to the dODCs. The densitometric
analysis for Pv protein in all V1 layers, comparing ndODCs
with dODCs, shows a significant reduction (p≤0.05) in the
density for dODCs in layers 2/3, 4A and 4C, which corroborates
our qualitative analysis (Fig. 7A). Similar to Pv staining, Cb
staining was also reduced in dODCs, however, with a different
pattern of laminar distribution: it occurred from layer 1 to
layer 5, as illustrated in Fig. 6C. This result was also confirmed
by densitometric analysis in all V1 layers, comparing ndODCs
with dODCs (p≤0.05) (Fig. 7B).

We also quantified these results to verify whether the
density reduction was due to a decrease in the intensity of the
neuropil or in the number of cells labeled for these proteins, in
layerswherewe found a significant difference in the density of
stain for both proteins. The quantitative analysis for Pv labeled
cells showed that, in layers 2/3, 4A and 4C, there is no sig-
nificant difference in the number of labeled cells when
comparing ndODCs with dODCs (p≥0.05) (Fig. 7C). We also
compared thenumbers of Cb labeled cells in layers 2 through 5,
and we found more Cb labeled cells in ndODCs than in dODCs
(p≤0.05) (Fig. 7D). Therefore, we suggest that the decreased
density for Pv is a result of a reduction in the intensity of
labeling of the neuropil in dODCs in layers 2/3, 4A and 4C,while
that for Cb is due to a reduction both inneuropil intensity, from
layer 1 through 5, as well as in the number of Cb labeled cells,
from layer 2 to layer 5, in dODCs.

Based on these data, we can conclude that the pattern of
distribution of Pv protein is similar to that of CytOx in V1 of
Cebus monkeys. Pv and Cb proteins labeled different popula-
tions of neurons with distributions which are nearly comple-
mentary. Pv is more intensely labeled in blobs in layers 2/3,
layers 4A and 4C, while Cb is more intensely labeled in the
interblobs regions in layers 2/3 and in layer 4B and veryweakly
labeled in layers 4A, 5 and 6. Furthermore, these proteins are
differentially affected by retinal lesion inasmuch as for Pv we
observe a reduction in the intensity of neuropil, and for Cb, in
addition to the reduction in neuropil intensity, we also observe
a reduction in the number of labeled cells.
3. Discussion

3.1. The normal distribution of Cb and Pv

In general, calbindin and parvalbumin have a complementary
distribution throughout the layers of V1 and are found in
different populations of cells in Cebus, in other primate species
(Macaca: Hendry et al., 1989; Hendry andCarder, 1993; Carder et
al., 1996; Samiri sciureus: Celio et al., 1986; Hendry and Carder,
1993; Galago crassicaudatus: Johnson and Casagrande, 1995;
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Callithrix jacchus:GoodchildandMartin,1998),aswellas inmany
other non-primate species (cats: Demeulemeester et al., 1989;
rats: Celio, 1990; flying fox: Ichidaet al., 2000).
Fig. 2 – Photomicrographs of adjacent parasagittal sections
through V1 of normal adult Cebus. (A) CytOx staining
showing the blobs in layers 2/3 and an intense labeling in
layers 4A and 4C. (B) Immunostain for Pv protein depicting a
neuropil labeling pattern similar to that of CytOx. (C)
Superposition of the section stained for CytOx with the
section immunostained for Pv. The regions corresponding to
the CytOx blobs are represented by the white traces. As we
can note, neuropil labeling to Pv is more intense in the blob
regions. The arrowheads point to the blood vessels used in
the superposition of the adjacent sections. Scale
bar=500 μm.

Fig. 3 – Photomicrographs of adjacent tangential sections
throughV1 of normal adult Cebusmonkey. (A) Blobs of CytOx
in layers 2/3 and (B) normal labeling pattern to Cb protein in
layer 3. (C) Superposition of the section stained for CytOx
with the section immunostained for Cb. The regions
corresponding to the CytOx blobs are represented by the
white traces. As we can observe, Cb preferentially labels the
interblobs regions, but it also labels some blobs. The
arrowheads point to the blood vessels used in the
superposition of the adjacent sections. Scale bar=500 μm.
However, although there are several similarities in the
expression of these proteins, in the NewWorldmonkey Cebus,
we found specific differences in the pattern of distribution of
calbindin throughout the layers of V1 when comparing our
results with those of both the OldWorldmonkeyMacaca or the
New World monkey Saimiri. In Cebus monkey, we found
mediumand small, heavily stained calbindin-positiveneurons
concentrated in layers 2/3 and 5 and a dense labeling of
neuropil in the interblobs regions in layer 2 and upper layer 3.
In this aspect, the labeling pattern for calbindin in Cebus
resembles more that described for the Old World monkey
Macaca (Hendry et al., 1989) than that described for the New



Fig. 4 – High power photomicrographs of coronal sections of V1 of normal adult Cebus apella monkey showing cells labeled
for Pv in layers 2/3 (A), 4C (B), 5 (C) and 6 (D). We can note large and round cell bodies in sublayer 4Cα andmedium cell bodies in
sublayer 4Cβ. In all layers, we can observe moderately labeled ascendant and descendant processes. Scale bar=20 μm.
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World monkey Saimiri (Celio et al., 1986; Hendry and Carder,
1993) or Callithrix (Goodchild and Martin, 1998). In Saimiri,
calbindin intensely labeled neurons and neuropil have also
been observed in layers 4Cα (Celio et al., 1986), or 4B (Hendry
andCarder, 1993), 5 and 6 (Celio et al., 1986; Hendry andCarder,
1993) forming amatrix that surrounds the cytochrome oxidase
blobs. In Callithrix, there is a high density of calbindin
immunoreactive neurons and neuropil in laminae 2, 3, 4A
and 4C (Goodchild and Martin, 1998).

In this study, the immunohistochemistry for parvalbumin
labeledmainlymediumand largemultipolar neurons in layers
2–6, but mainly in layers 2/3 and 4C. Layers 4A and 4C
presented a homogeneously heavy labeled neuropil, while in
layers 2/3 the labeling of neuropil was more intense in blob
regions, with a pattern similar to that evidenced by cyto-
chrome oxidase reaction. This labeling pattern for parvalbu-
min, mainly in geniculo-recipient layers and compartments of
V1, is similar to that described for other primates (Hendry et al.,
1989; Blümcke et al., 1990; Johnson and Casagrande, 1995;
Goodchild and Martin, 1998).

3.2. Pv and Cb distribution after monocular visual
deprivation

In this study, we observed a decrease in neuropil intensity for
both Cb and Pv in the ocular dominance columns related to the
lesioned eye. However, for Cb staining, we found, in addition, a
decrease in the number of labeled cells in monkeys with
retinal lesions. For Pv staining, our results are similar to the
results described by Blümcke et al. (1994) in Macaca after
monocular enucleation, but differ from those described by
Carder et al. (1996), using inactivation by TTX. These authors
found not only a reduction in neuropil but also a decrease in
the number of labeled cells in the dODCs after 20 days of
monocular inactivation. On the other hand, for Cb staining,
our results are similar to those described by Carder et al. (1996)
inasmuch as they described a reduction in neuropil intensity
and in the number of cell bodies in all V1 layers and different
from those described by Blümcke et al. (1994) who observed
reduction in neuropil intensity from layer 1 to layer 5 and
reduction in the number of labeled cells only in layers 2/3 and
in the merge between layer 4B and 4Cα. In addition to
interspecies differences, these different results could be due
either to the different methods used in these studies (mono-
cular enucleation vs TTX vs restricted retinal lesion) or to the
use of different antibodies as previously suggested by Carder
et al. (1996).

The reduction of Cb and Pv staining in the neuropil in the
dODCs could be related either to axonal degeneration or to a
decreased transport of these proteins to the neuropil, due to
a reduction of production of these proteins in the cellular
bodies. Blümcke et al. (1994) suggested that this reduction



Fig. 5 – High power photomicrographs of coronal sections through V1 of normal adult Cebus apella monkey showing cells
labeled for Cb. (A) Cells in layers 2 and 3 with long intensely labeled ascendant and descendant processes. (B) In layer 4B, we
observe numerous lightly labeled cells and few cells intensely labeledwithmoderately labeled process stumps. Cells in layers 5
(C) and 6 (D) show long horizontal and vertical moderately labeled processes. Scale bar=20 μm.
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could be due to a centripetally redistribution of these protein,
that is, they would migrate from the neuropil towards the
cell bodies. However, similarly to what had been described by
Carder et al. (1996), we observed not only a decreased
labeling for Cb staining in the neuropil in regions corre-
sponding to dODCs, but also a decrease in the number of Cb
labeled cells in these regions. Therefore, these findings could
be related to alterations in Cb protein epitope promoted by
the withdrawal of retinal inputs, similar to what has been
proposed by Blümcke et al. (1994). Another plausible expla-
nation could be that the level of intracellular Cb protein is
very low such that the labeling could not be observed in
these bodies.

The different alterations observed for Pv and Cb staining
after retinal lesions could be related to structural differences in
these proteins (Heizmann and Hunziker, 1991; Chard et al.,
1993). The differences in dendritic arborizations of Cb and Pv
labeled cells (DeFelipe et al., 1989a,b; Hendry et al., 1989;
Hendry and Carder, 1993) could implicate in that they may
receive different inputs, therefore leading to different altera-
tions after retinal lesion, as suggested by Carder et al. (1996).
Other studies have shown that these proteins are differentially
affectedby various factors suchas differentmethodsof studies
(Mize et al., 1992b; Blümcke et al., 1994; Carder et al., 1996), age
at the onset of deprivation, duration of deprivation (Cellerino
et al., 1992; Mize et al., 1992b; Blümcke et al., 1994; Carder et al.,
1996), difference in reactivity of different areas of the central
nervous system (Rausell et al., 1992) and species studied
(Cellerino et al., 1992; Blümcke et al., 1994; Carder et al., 1996).

3.3. Probable roles of Cb and Pv

The precise functions of the calcium-binding proteins are
still unknown. Pv staining is generally found associated with



Fig. 6 – Photomicrographs of coronal sections of V1 of one
adult Cebus monkey with monocular retinal lesion. (A)
Section immunoreacted for Pv showing a decrease in the
staining for this protein in dODC in layers 2/3, 4A and 4C. (B)
Adjacent section stained for CytOx, illustrating the dODC
(light bands) and ndODC (dark bands) in layer 4C. (C) Adjacent
section reacted for Cb showing a reduction in the staining of
this protein from layer 1 to layer 5 in dODC. The arrowheads
point to the blood vessels used in the superposition of the
sections. Scale bar=500 μm.
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cells that are more active metabolically. Physiological studies
in frontal cortex of rats showed that Pv labeled neurons are
GABAergic, fast-spiking cells that fire repetitively with
almost no adaptation, whereas Cb labeled neurons are
GABAergic cells that produce low-threshold spikes from
hyperpolarized potentials and show spike-frequency adapta-
tion (Blümcke et al., 1990; Kawaguchi and Kubota, 1993). In
the cerebral cortex of monkeys, immunoreactivity for calbin-
din and parvalbumin has been described to be localized
within distinct sub-populations of GABAergic interneurons
(Celio et al., 1986; Hendry et al., 1989). However, whereas the
occurrence of Pv staining is restricted to GABAergic neurons,
Cb staining may also be found in non-GABAergic pyramidal
neurons (Van Brederode et al., 1990; DeFelipe and Jones,
1992). In the LGN of cats, the vast majority of Pv labeled
neurons also showed GABA immunoreactivity (Stichel et al.,
1988). On the other hand, in the monkey thalamus, most
parvalbumin and calbindin labeled cells are not GABAergic,
and both cells appear to be relay neurons (Jones and Hendry,
1989; Tigges and Tigges, 1991; Mize et al., 1992b; Soares et al.,
2001). In superior colliculus of cat, Pv labeled neurons are
mostly projection neurons. Most Cb labeled cells are inter-
neurons, but only a few Cb labeled neurons contain GABA
and a significant fraction of cells in the superficial tier project
to the LGN (Mize et al., 1991, 1992a). Therefore, these proteins
appear to be used in distinct manners by different cell
populations in the cortex and subcortical nuclei. Hendry and
Jones (1986) showed that in Macaca the staining for GABA
and GAD in layers 4C and 4A was reduced 2 weeks after eye
removal, in both neuronal somata and terminals within
columns associated with the removed eye, which suggests
that the GABA concentration in cortical neurons may depend
on their levels of activity.

Cortical reorganization has been related with intrinsic
cortical alterations, such as decrease or increase in the
strength of connections, which can involve sprouting of
axons of long-range laterally projecting neurons, as well as
synaptogenesis (Gilbert and Wiesel, 1992; Darian-Smith and
Gilbert, 1994, 1995; Chino, 1995; Rosa et al., 1995). Caillard et al.
(2000) showed that these proteins can modulate short term
plasticity, where Pv promotes a synaptic depression, and
Blatow et al. (2003) showed that the washout of Cb from
multipolar bursting cells abolishes synaptic facilitation. The
reduction of the neuropil staining for both Pv and Cb in the
deprived columns with little or lack of decrease in the labeling
in neuronal somata can be due to activity-dependent changes
occurring at synapses level in terminals of geniculocortical
projection cells or of cortical interneurons in V1.
4. Experimental procedures

In this study, we used 6 adult C. apella monkeys weighing 2–
3 kg. All experimental protocols were conducted following the
NIH guidelines for animal research and were approved by the
committee for animal care and use of the Instituto de Biofísica
Carlos Chagas Filho, UFRJ. Two of these animals received focal
laser retinal lesions in the right eye.

Before the retinal lesion, each animal was anesthetized
with intramuscular administration of 0.5 ml/kg of a 1:4
mixture of 6% Ketamine hydrochloride (Ketalar; ParkeDavis)
and 2% Dihydrotiazine hydrochloride (Rompum; Bayer).
Atropine sulfate (0.15 mg/kg) and benzodiazepine (0.8 mg/kg)
were intramuscularly injected to prevent tracheobronchic



Fig. 7 – Mean density of the ocular dominance columns labeled for Pv (A) and Cb (B) and mean of the number of cells
labeled for Pv (C) and Cb (D) in V1 in the region corresponding to the retinal lesion. The densitometric analysis was done in all
layers of V1. Pv labeled cells were counted in layers 2/3, 4A and 4C (C) and Cb labeled cells were counted in layers 2, 3, 4A, 4B,
4C and 5 (D). The black bars represent the ndODC and the gray bars represent the dODC. Error bars=standard error.
*=statistically significant difference.
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secretion and stress, respectively. The pupil was dilated with
1% tropicamide and 10% phenylephrine hydrochloride. Retinal
lesions weremade on the temporal margin of the optic disc, in
the right eye, using 5 shots of Neodymium-YAG laser with the
potency of 0.8 mW and 0.1 s duration. These lesions affected
all foveal representation in the visual field (approximately 2°)
and resulted in a complete destruction of all ganglionar cell
fibers crossing the lesioned region (Fig. 8). The effect of the
retinal lesions was confirmed by cytochrome oxidase (CytOx)
reaction in V1 in retinotopically corresponding region, where
Fig. 8 –Photomicrograph of a horizontal retinal section,
through the optic disc (OD), stained with neutral red. The
arrow points to the lesion where we can observe all retinal
layers destroyed. Scale bar=500 μm.
we observed alternate dark and light bands in layer 4C, which
correspond to the normal, or non-deprived ocular dominance
columns (ndODCs), and the lesioned eye, or to the deprived
ocular dominance columns (dODCs), respectively (see Fig. 6B).
After a 28-day survival time, the animals were transcardially
perfused.

Before perfusion, all animals were initially anesthetized
with intramuscular administration of 6% Ketamine hydro-
chloride (Ketalar; ParkeDavis, 30 mg/kg) followed by an
intravenous lethal dose of sodium pentobarbital (30 mg/kg).
All animals were perfused with saline 0.9%, followed by 4%
paraformaldehyde in phosphate buffer saline (PBS), then by
4% paraformaldehyde in PBS+2.5% glycerol and finally with
increasing concentrations of glycerol solution (5% and 10%)
in PBS.

After perfusion, the brains and the eyes with the lesion
were removed for histological processing. The retinas were
blocked, cut in the horizontal plane at 30 μm thickness on a
cryostat, stained with neutral red and examined under light
microscopy to verify the efficiency of the lesion. Serial
coronal sections of the brains were obtained with a cryostat
at 40 μm thickness. Adjacent series were stained for cell
bodies with cresyl violet and reacted for CytOx histochem-
istry (Silvermann and Tootell, 1987) and for immunocyto-
chemistry for Pv and Cb. For the immunocytochemical
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reactions, sections were initially incubated for 16 h, at room
temperature, in mouse monoclonal anti-Cb (1:2000) and anti-
Pv (1:2500) (Bellinzona, Switzerland) in phosphate buffer
saline diluted 10× (PBSb) followed by an additional incuba-
tion, at room temperature, in biotynilated anti-mouse
secondary antibody made in horse (1:200, Vector, Burlin-
game, CA) for 90 min. The sections were then processed
following the avidin–biotin method, with ABC kits (Vector,
Burlingame, CA) and 0.05% diaminobenzidine. Finally, the
sections were rinsed in PBSb and mounted on gelatin-coated-
slides, dehydrated and cover-slipped. Control sections were
prepared by omitting the primary antibody in the incubation
solution. These sections showed no specific staining. For
each animal, all sections were simultaneously immunor-
eacted in a single battery to minimize variability in the
reaction product among different immunoruns.

To analyze the normal distributions of Cb and Pv proteins,
the images of normal sections labeled for Nissl and CytOx and
of adjacent sections reacted for Cb and Pv were examined
under light microscopy with small gain objectives (2.5× and
6.3×) using an Axio Cam camera (Carl Zeiss), attached to a Leitz
Ortoplan microscope interfaced with a PC. The images of the
sections were then aligned using Adobe Photoshop 6.0 soft-
ware. Images of CytOx and Nissl stained sections were
superimposed onto images of adjacent Cb and Pv stained
sections. The Cb and Pv stained sections superimposed onto
adjacent Nissl stained sections allowed the study of the
laminar distribution of these proteins in V1, while those
superimposed onto CytOx stained sections allowed the
analysis of their modular distribution.

To quantify the intensity of the reactions for Cb and Pv
proteins in different ocular dominance columns in animals
with monocular lesions, images of adjacent sections reacted
for CytOx, Cb and Pv were analyzed using the same system
employed for studying the normal distribution. For each
animal (n=2), we made densitometric analysis in three
sections labeled for Pv and in three additional sections labeled
for Cb. In each section, for each V1 layer, we selected five
regions of Cb or Pv images corresponding to dODCs (n=15) and
ndODCs (n=15) of CytOx images. Then, we submitted these
fragments of the images to an Image Analyzer Program (Image
Scion). To allow promediation of the data, the absorbance
indices obtained in this analysis were transformed into
percentages, taking the maximum density value of the
reaction, in each section, as 100%.

In order to verify whether the density alterations found in
the densitometric analysis between dODCs and ndODCs were
due to a reduction in the number of cells or in the intensity of
the neuropil, we photomicrographed three sections reacted
for Cb and three for Pv using a 6.3×microscopy objective. After
this procedure, we counted manually all cellular bodies in a
rectangular area centered both in dODCs (n=15) and in
ndODCs (n=15) in the different layers in order to determine
the cell density for each layer. These rectangular areas
measured 30.240 μm2 for layers 2, 5 and 6, 100.320 μm2 for
layers 3 and 4C and 8.360 μm2 for layer 4A.

The absorbance index and the number of cells data were
submitted to statistical analysis. Analysis of variance (ANOVA)
and Tukey post hoc testing were used for multiple compar-
isons and paired t test for simple comparisons.
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