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Enucleation Induces Parvalbumin and Glial Fibrillary Acidic
Protein, but Not Calbindin D28k Protein Expression in Superior
Colliculus of Wistar Rats
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Background: It is known that eye enucleation causes various morphological and functional alterations in the central
nervous system (CNS). The purpose of this study was to examine the sub-chronic effects of monocular enucleation on the
distribution of the calcium binding proteins calbindin D28k (CB) and parvalbumin (PV) as well as the glial fibrillary acidic
protein (GFAP) immunoreactivity in the superior colliculus (SC) of Wistar rats.

Materials and Methods: Thirty young adult (8 weeks) male Wistar rats from SLC (Shizuoka, Japan), weighing 200-250 grams,
were housed in separate cages under controlled conditions with a constant temperature kept in 12:12 light/dark cycle and
ad libitum water and food. In this study the rats were divided into two groups, a control and an enucleated groups. The
experimental group received unilateral eye enucleation and was allowed 1, 4 or 12 weeks recovery before sacrificed.
Results: Unilateral enucleation over a period of 1 week or more caused a decrease in the number CB-immunoreactive (CB-
IR) neurons. This loss was associated with an increase in GFAP-IR astrocytes in the superficial gray layer and the optic layer
of the SC with contralateral side predominance. In addition, the CB-IR neurons illustrated a smaller soma and poor dendritic
arborization. Conversely, the GFAP-IR astrocytes were hypertrophied with longer foot processes on the contralateral side
of enucleation. Interestingly, the number of PV-IR neurons was elevated for up to 4 weeks in enucleated rats versus sham-
operated rats.

Conclusion: This study demonstrates the importance of calcium-binding protein homeostasis and reversible glial response
for maintaining variability of neuronal function in sub-cortical visual centers following optic nerve deafferentation.

Keywords: enucleation, superior colliculus, calbindin D28k, parvalbumin, glial fibrillary acidic protein

Introduction following ablation in CNS or of peripheral sense organs
have established that the availability of both synaptic targets
and synaptic input can be important for cell survival. For
instance, it has been shown that a decrease in competition
of the target cells in the CNS increases cell survival in
remaining populations.t In this model we focus on the sub-
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Enucleation is a well-established model for the study of
Wallerian or transneuronal degeneration and produces
significant structural and physiological change in the
central nervous system (CNS).*? Studies of cell number
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cortical level of visual input, which travels to the cortex
by either the retino-geniculate pathway or via the retino-
collicular pathway. The retino-collicular route terminates in
the superior colliculus (SC) where the processing of visual
and other sensory information results in the generation of
the orientation response towards novel sensory stimuli.?

Calcium binding proteins have been implicated
as important regulators of neuronal degeneration in
pathological processes.® Calbindin D28k (CB), a member of
the super family of calcium binding proteins is implicated in
the regulation of intracellular calcium and can be a marker
of several neuronal subpopulations.* In the adult mammalian
brain, CB is believed to serve a neuroprotective role by its
calcium-buffering abilities.® Recent evidence suggests that
neurons containing the calcium binding proteins CB and
parvalbumin (PV) have different distributions, matching
respectively the distribution of W and Y retinal ganglion
cell inputs to the cat SC.® We hypothesize that monocular
enucleation will affect calcium buffering in the SC neurons,
altering mechanisms of CB and PV adaptation following
neuronal injury.

In addition to neuronal adaptation after injury,
significant astrocyte adaptation occurs. There have been
many recent reports concerning the functions of astrocytes
following injury, including neurotransmitter uptake as
well as synthesis and secretion of neurotrophic factors.”®
Astrocytes responding to an insult of the CNS enter a state
of enhanced activation, becoming “reactive astrocytes.”
Glial fibrillary acidic protein (GFAP), a major intermediate
filament protein of astrocytes is an antigen commonly used
to examine the distribution of astrocytes. GFAP levels are
a reliable indicator of the onset and progression of reactive
astrocytes in response to neuronal degeneration or injury.®
The present report extends descriptions of the alterations of
neurons and astrocytes, as well as quantitative changes of
CB-immunoreactive (CB-IR), PV-IR neurons and GFAP-IR
astrocytes in this neurodegenerative injury model.

Materials and methods

Immunohistochemistry procedures

Thirty young adult (8 weeks) male Wistar rats from SLC
(Shizuoka, Japan), weighing 200-250 grams, were housed
in separate cages under controlled conditions with a
constant temperature (23+1°C), kept in 12:12 light/dark
cycle and ad libitum water and food. In this study the
rats were divided into two groups, a control (n=8) and an
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enucleated groups. The experimental group (n=24) received
unilateral eye enucleation and was allowed 1, 4 or 12
weeks (n=8 for each groups) recovery before sacrificed. As
previously described,'®* treated rats underwent monocular
eye enucleation by dissection of periorbital tissue with
the Irish scissors, resecting the optic nerves, removing the
left eye and suturing the eye lid to prevent the bleeding.
All surgeries were conducted under deep anesthesia with
sodium pentobarbital (60 mg/kg) injected intraperitoneally.
The experimental procedures were conducted in accordance
with the National Institute of Health (NIH) Guide for Care
and Use of Laboratory Animals (NIH Publication No. 80-
23, revised 1996). The approval of the Kagawa Medical
University Animal Committee was obtained for this study
and every effort was made to minimize both animal number
and suffering.

For tissue collection, animals were anaesthetized
with sodium pentobarbital (40mg/kg i.p.) then perfused
intracardially with 0.02M phosphate buffered saline (PBS)
followed by a fixative of 4% paraformaldehyde in PBS.
Brains were removed and cryoprotected in 30% (w/v) sucrose
at 4°C until it sank. Serial 40 um-thick frozen sections were
cut coronally and processed for immunohistochemistry.
Briefly, to stain for either CB, PV or GFAP, free floating
sections were incubated in the following: 10% normal goat
serum in PBS with 0.2% Triton X-100 (0.02 M PBS-T, pH
7.4) for 60 min, anti-CB mouse monoclonal antibody (1:500
dilution, Sigma chemical company, St. Louis, Missouri,
USA), or anti-PV mouse monoclonal antibody (1:200
dilution, Sigma chemical company, St. Louis, Missouri,
USA) or anti-GFAP rabbit polyclonal antibody (1:2000
dilution, DAKO, Glostrup, Denmark) overnight at 4°C. As
a second antibody biotinylated anti-mouse 1gG for CB and
PV, or biotinylated anti-rabbit 1gG for GFAP in PBS were
used for 60 min at room temperature (RT). After further
rinse with PBS, the secondary antibodies were localized by
the avidin-biotin complex method (\ectastain, Vector Lab.
Burlingame, California, USA) for 60 min at RT. The location
of the antibody-bound peroxidase was then visualized by
incubation with the substrate 3,3-diaminobenzidine (DAB)
(Dosindo, Osaka, Japan) peroxidase under visual control.
Stained sections were mounted on gelatin-coated glass
slides and air-dried. Tissue were then dehydrated, cleared
and cover-slipped using Entellan (Merck, Darmstadt,
Germany). Control sections omitting the primary and
secondary antibodies were processed identically and
consistently yielded no labeling. The morphology and
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expression of CB, PV and GFAP were studied with the aid
of a light microscope (Nikon, YTHM, Tokyo, Japan).

Quantitative procedures

For a morphometric study of CB-IR, PV-IR neurons and
GFAP-IR astrocytes were counted in superficial gray layer
(SGL) and optic layer (OL) of superficial layer (SL) of SC,
based upon a rat brain atlas from plate 40 (Bregma —5.60)
until plate 46 (Bregma—7.64).2? The counting frame (350 um
X 240 um) was set in the middle part of both layers (Figure
1B). The labeled cells were counted semi-quantitatively in
sections of each group. An initial section that contained any
sign of the SC was numbered as the first section, with all
subsequent sections being numbered sequentially. For each
animal, a number between 1 and 4 was selected randomly
in order to determine first section. Every 4" sections were
picked up and the number of CB-IR neurons (1%, 5, 9"etc.),
PV-IR neurons (2", 6" 10" etc.) and GFAP-IR astrocytes
(3¢, 71, 11" etc.) were counted.

Approximately 10 sections from each animal (n=8)
per groups were used in this study. The photographs of CB,
PV and GFAP (x40 objective lens) that taken from selected
sections with light microscope were captured by charge-
coupled device (CCD) color camera, digitized and uploaded
into a personal computer with the aid of image analysis
software. Photographs of individual cells were used in
order to avoid interference from overlapping images and
IR-positive cells within the counting frame were counted
manually. The number of immunoreactive cells/mm? tissue
from both layer of contralateral SC were calculated and then
compared with the respective ipsilateral side.

Statistical analysis

The statistical analysis of data from each side was performed
by two-way analysis of variance (ANOVA). Post hoc tests
were carried out where appropriate using Tukey-Kramer’s
test. For two groups, the comparison was made by Student’s
T-test for paired and unpaired observation as appropriate.
All statistical analyses were performed using Minitab
software (Abacus Concepts, California, USA) with p value
being less than 0.05 was considered significant.

Results

In mammals the SC has seven layers, which on functional
and anatomical grounds can be considered two interacting
tiers. The three most-dorsal layers (zonal layer (ZL), SGL
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and OL are known collectively as the SL (Figure 1A). SL
neurons receive inputs from contralateral retinal ganglion
cells and are organized retinotopically.2 The others, four
deep layers (intermediate gray layer (IGL), intermediate
white layer (IWL), deep gray layer (DGL) and deep white
layer (DWL)) receive little direct visual input,®* but
are also organized retinotopically. Because the SL of SC
receives direct visual input, we focused on the SL in this
manuscript.

CB immunoreactivity

In the sham-operated or control rat, intense CB-IR was
observed throughout the dorsal layer (Figure 1A, Figure 1B).
Small, round neurones, widely dispersed in the SGL (small
panel), were the most distinctive feature in CB-IR sections.
However, large and densely packed multipolar neurones in
the OL also exhibited CB-IR in their fine processes (small
panel). The number of CB-IR neurons in SGL and OL varies
slightly, with more found in the SGL (Table 1).

At 1-week post-enucleation, the number of CB-IR
neurons in the ipsilateral SC was not significantly different
from sham-operated rats (Figure 1C). However, in the
contralateral SGL, CB-IR was observed in neuronal somas,
but not processes (Figure 1D; small panel). Moreover, the
number of CB-IR neurons is decreased significantly, when
compared to sham-operated rats, on the contralateral side in
both SGL and OL (330.312.4 vs. 427.3+20.7 and 339.8+19.4
vs. 401.4+ 32.5, p<0.05; respectively).

At 4-weeks post-enucleation, a marked reduction
of CB-IR neurons was present on both sides with
contralateral predominance (Figure 1E, Figure 1F; small
panel). Quantitatively, their number were down to 60%
in the SGL (262.6+£20.4 vs. 427.3+20.7, p<0.05) and 65%
in the OL (259.5+18.9 vs. 401.4+32.5, p<0.05) compared
to control or sham groups. The number of CB-IR neurons
on the ipsilateral side also decreased to 74% in the SGL
(318.4£18.2 vs. 429.4+19.2, p<0.05) and 73% in the OL
(292.7£22.5 vs. 400.0+35.9, p<0.05). As seen in Figures
1E and Figure 1J, the number of CB-IR neurons on the
contralateral side of both SGL and OL were decreased 1 or
4 weeks after enucleation, but do not further decrease 4-12
weeks post-enucleation.

At 12 weeks post-enucleation (Figure 1G, Figure 1H),
the SC on the contralateral side appeared slightly atrophic
(double arrow head) and the number of CB-IR neurons
continuously decreased compared to control animals. At
higher magnification, the immunodensity of CB-IR neurons
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Figure 1. Photomicrograph of CB-IR neurons in the SC of control (A, B) and enucleated rats at 1, 4, 12 weeks after unilateral
enucleation, respectively (C-H). Small panel are representative of magnified field of CB-IR neurons in SGL (upper) and OL (lower)
of SC in each time points. The rectangle areas show frame set on SGL and OL for counting the cells number (B). Note, the CB-positive
neurons have intense labelling in the SGL and OL in sham-operated rats. In enucleated rats, The CB expression is reduced and their number
decreased time dependently with contralateral predominance (D, F, H) compared to the ipsilateral side (C, E, G). Graphic of morphometric
analysis showed the CB-IR neuronal density in SGL (I) and OL (J) is significantly decreased after optic nerve deafferentiation compared to
sham-operated rat. Scale bar: 200 pm; 50 um in small panel.
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on the contralateral side of both SGL and OL demonstrated
a weak labelling in cell bodies and processes (small panel).
Statistical analysis of numerical density of CB-IR neurons
in SGL and OL showed significant main effects over time,
side and time x side interaction (Table 1, Table 2).

PV immunoreactivity

PV-IR neurones in the SGL of control rats are small and
widely scattered, with weak staining (Figure 2A, Figure
2B). In many instances their cell processes were difficult
to visualise. On the other hand, some of PV-IR neurones in
the OL are more immunoreactive. At higher magnification,
these neurons were frequently bipolar in shape and oriented
parallel to the piamater of the SC (small panel).

At 1-week post-enucleation, the PV positive neurons
showed stronger homogenous PV labelling (Figure 2C,
Figure 2D) and their number significantly increased in
both SGL and OL with contralateral side predominance
(459.5+28.2 vs. 191.7+17.2 and 147.7+16.6 vs. 114.3+10.0,
p<0.05, respectively). At higher magnification, the cell
bodies and processes appeared to be stained intensely when
compared to the ipsilateral side (small panel).

At 4 weeks post-enucleation, the number of PV-
positive neurons was continuously increased in the
contralateral side of SGL (531.7£34.4 vs. 191.7+17.2,
p<0.05) and in the OL (143.1+13.8 vs. 114.3+10.0, p<0.05),
compared to the control groups (Figure 2E, Figure 2F).
These PV-IR neurons also exhibited more immunoreactivity
in their staining (small panel). Moreover, PV-IR neurons on
the ipsilateral side of SGL also begin showing to increase
(260.2+17.1 vs.190.8+£13.9, p<0.05).

At 12 weeksafterenucleation, the PV immunoreactivity
was still prominent compare to the control group (Figure
2G, Figure 2H). As shown in Figure 21 and Figure 2J, the
number of PV-IR neurons on the contralateral SGL was
increased up to 4 weeks before decline at 12 weeks. The
up-regulation of PV-IR in the OL has a shorter time course,
with the PV-immunopositive neurons increasing only up
to 1-week post-enucleation before its decline. Quantitative
analysis of PV-IR neurons in SGL and OL confirmed the
significant main effects over time, side and time x side
interactions (Table 1, Table 2).

GFAP immunoreactivity

In control rats, GFAP-positive astrocytes were observed
mostly in the ZL of SL of the SC. Morphologic
characteristics of these astrocytes suggested that they were
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mainly of the protoplasmic type. They were smaller than
those in enucleated rats, with fewer and shorter processes
(Figure 3A, Figure 3B). In the SGL and OL, GFAP labelled
astrocytes were few and located only around the capillary
(small panel). After unilateral enucleation, an increase in
GFAP-IR astrocytes was found bilaterally in the SL of SC,
but more prominently on the contralateral side. Notable
changes at each survival time are described below.

At 1-week post-enucleation, astrocytes reaction on the
ipsilateral side was mostly limited to the ZL nearing the optic
tract (Figure 3C). Reactive astrocytes were evident in the
SGL only on the contralateral side (Figure 3D). Astrocytes
number significantly increased in both SGL and OL with
contralateral side predominance (501.4+42.9 vs. 23.1+6.5
and 312.0£28.1 vs. 18.846.3, p<0.05; respectively). These
astroglial responses in the SGL consisted of thick, coarse
and heavily stained bundles and extended to the middle
layer of the SC. Under higher magnification, this injury
response appeared as significant astrocytic hypertrophy and
proliferation (small panel).

At 4 weeks post-enucleation, hypertrophy of
astrocytes appeared less obvious when compared to 1 week
(Figure 3E, Figure 3F), whereas the numbers of GFAP-IR
astrocytes further increased (Figure 31, Figure 3J). These
labelled astrocytes in the SGL and OL have smaller somata
but their processes remain longer (small panel).

The astrocytic reaction remained significant in
all zones of the SL of SC at 12 weeks post-enucleation
(Figure 3G, Figure 3H). The sizes of astrocytes somata
were further reduced, although the number of GFAP-
positive astrocytes was remain higher compared to the
control rats (small panel). Surprisingly, the number of
GFAP-positive astrocytes in SGL at 12 weeks (Figure 3l,
Figure 3J) was reduced when compared to 4 weeks post-
enucleation (264.9+31.1 vs. 553.2+36.8, p<0.05). However,
the number of GFAP-IR astrocytes in OL did increase but
not significantly difference. A decrease in the sizes of the
contralateral SC that may associate with the degenerated of
the optic tract was also observed. Statistical analysis of the
numerical density of GFAP-IR astrocytes in SGL and OL
showed significant main effects with time, side and time x
side interactions (Table 1, Table 2).

Discussion

Our experiments have shown that the unilateral eye
enucleation alters the numbers of CB-IR neurons, PV-IR



Gonzalez D, et al. Enucleation in Superior Colliculus of Wistar Rats

ipsilateral contralateral
o Number of PV-IR neurons in the SGL J il Number of PV-IR neurons in the OL
- Contralateral 2 1 Contralateral
H 600 Wipsilateral g 600 W psilateral
H 2 -
E < 500 & ”E 500
v -
z
tiw T3 m
u 2
; 300 2 300
H z
200 200 |
0 0

Control 1 Weeks 4 Wecks 12 Weeks Control 1 Weeks 4 Weeks 12 Weeks

Figure 2. Photomicrograph of PV-IR neurons in the SC of control (A, B) and enucleated rats at 1, 4, 12 weeks post-enucleation,
respectively (C-H). Small panel are representative of magnified field of PV-IR neurons in SGL (upper) and OL (lower) of SC in each time
points. The PV-IR neurons are very few and have light labelling in the SGL and OL in sham-operated rats. In enucleated rats, The PV-IR
is highly expressed and their number increased significantly with contralateral predominance (D, F, H). Graphic of morphometric analysis
showed the PV-IR neuronal density in SGL (1) and OL (J) is increased up to 12 weeks following monocular enucleation. Scale bar: 200
pum; 50 um in small panel.
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Figure 3. Photomicrograph of GFAP-IR astrocytes in the SC of control (A, B) and enucleated rats at 1, 4, 12 weeks post-enucleation,
respectively (C-H). Small panel are representative of magnified field of GFAP-IR astrocytes in SGL (upper) and OL (lower) of SC in each
time points. Note, the GFAP-IR astrocytes are very few and have small cell bodies and short processes in control rats (small panel). In
enucleated rats, The GFAP-IR astrocytes are increased significantly in contralateral side (D, F, H) compared to the ipsilateral side (C, E, G).
These reactive astrocytes have bigger cell bodies with longer processes (small panel). Graphic | and J represent morphometric analysis of
GFAP-IR neuronal density in SGL and OL, respectively. Scale bar: 200 um; 50 um in small panel.
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Table 1. Quantitative analysis of CB-IR, PV-IR, and GFAF-IR in SGL and OL. Data on the number of labeled-cells (cells/fmm2) in the

rat superior colliculus following monocular.

CB-IR PV-IR GFAF-IR
Time Slide

SGL oL SGL oL SGL oL

Control (n=8) R 429.4+19.2 400.0+35.9  190.8+13.9  114.6+108  226+638 18.6+5.8
L 4273207 40144325 191.7+¢172  1143+100  23.1%65 18.8+6.3

1 week (n=8) | 390.6+13.9 396.2+18.6  222.8+143 117.8+135  35548.6 26.317.3
C 330.3t124 33084194 4595+282  147.7416.6  501.4+42.9  312.0+28.1

4 week (n=8) | 318.4+182 292.7+225  260.2t+17.1 116.9¥13.1  34.847.7 30.4+7.8
C 26264204 250.5+18.9 531.7+#344 1431138 55324368  370.4+26.8

12 week (n=8) | 31224195 286.8+19.5 281.6+16.3 120.0£132  37.448.7 28.2+8.9
C 258.8+12.6 254.3+14.9 502.8+259  133.8£149  264.9+31.1  380.2+27.9

Table 1. Results of two-way ANOVA of quantitative analysis of CB-IR, PV-IR, and GFAF-IR in SGL and OL.

SGL oL
df F df F
(A) CB
Side 1,392 5717 1,392 32.00%*
Time 3,392 259.24%* 3,392 151.23%*
Side x Time 3,392 17.83** 3,392 5.00%
(B) PV
Side 1,392 1,365.17** 1, 392 24.65%
Time 3,392 376.64** 3,392 5.46*
Side x Time 3,392 154.66** 3,392 3.54%
(C) GFAP
Side 1,392 3,288.06%* 1,392 3,664.37%*
Time 3,392 552.40%* 3,392 471.46%*
Side x Time 3,392 507.55%* 3,392 419.14**

neurons and GFAP-IR astrocytes in the SL of rat SC with
contralateral predominance. This data is consistent with our
previous findings showing that enucleation induced neuronal
degeneration and decreased numbers CB-IR neurons.*® We
also observed an increase of PV-IR neurons and GFAP-IR
astrocytes in the lateral geniculate nucleus (LGN) complex
following unilateral enucleation.'* Because the major source
of fibres entering the SGL of the SC is from the retinal
ganglion of the contralateral eye, a decrease of CB-IR
neurones following acute monocular enucleation is likely
the result of anterograde transneuronal degeneration. By
contrast, PV-IR was apparently enhanced in the SC neurons
as a likely compensatory mechanism to help maintain
their calcium buffering in the survival neurons. It could be
suggested that a decrease of one calcium binding protein,
CB, would lead to increase synthesis of other calcium-
buffering agents, such as PV.!

In agreement with the previous reports on several
mammalian SC,**'® CB-positive neurons were reduced and
PV-IR neurones increased following unilateral enucleation.
Furthermore, other calcium binding proteins like calretinin,
have also been reported to increase in rat® mouse®
and hamster.’® On the contrary, some investigators have
shown that eye removal did not alter the total number of
CB-IR neurons in the SCs.2% These discrepancies could
be explained in part by differences in age (e.g., adult vs.
fetal), species (e.g., rat vs. monkey or rabbit), location (SC
vs. LGN complex) or time post-enucleation. The above data
suggesting that both PV and calretinin expression is more
plastic than CB on retinal input after monocular enucleation.
These changes of expression of calcium-binding protein
within the SC neurons may therefore reflect the protective
functional need on different environmental changes. Thus,
our present study proves the importance of calcium-binding
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protein homeostasis and reversible glial response for
maintaining variability of neuronal function in sub-cortical
visual centers following optic nerve deafferentation.

Brain inflammatory response is triggered by activation
of astrocytes, along with other cells of glial lineage such
as microglia, in response various types of CNS injury. Its
outcome is determined by releasing inflammatory mediators
including cytotoxic signals from gliosis process. However,
these processes depend on many additional factors such as
the intensity and duration of the injury/insult. Depending
on specific circumstances, the inflammatory response in the
brain can also promote neuroprotection and regeneration.
The function of astrocytes in regulating cerebral blood flow
and providing nutrition to the neurons, neurotransmitter
synthesis and maintaining synaptic function becoming
increasingly being recognized. A glial reaction may affect
the activities of SC neurons, and it may influence
compensation mechanism of lesion-induced visual
disorders.

We demonstrated in this manuscript that the induction
of astrocyte hypertrophy and proliferation after enucleation
might depend on the nature of the injury and survival time.
Our data show that a substantial increase of GFAP-IR occurs
in the contralateral part of the rat SC on the first week up to 4
weeks in the SGL and is still increased up to 12 weeks post-
enucleation in the OL. The timing of changes in astrocyte
immunoreactivity in the SC after enucleation suggests
that the astrocytic response to optic nerve denervation is
characterised by hypertrophy during the first month and
proliferation thereafter. Early changes in the astrocyte might
aid SC neurones in surviving the sudden loss of synaptic
activation, as well as possible cytotoxicity of glutamate
released from degenerating of SC neurones and nerve optic
fibres.?#% Improved early survival time may result from the
increase in the number of GFAP-IR astrocytes. It suggests
an increase in GFAP synthesis may be functionally related to
trophic factor availability and regeneration or restoration of
connectivity.® After 4 weeks post-enucleation, we showed
that the cell bodies of the GFAP-IR astrocytes become
less obvious. However, their cell processes were longer
compared to the resting astrocytes in un-enucleated rats.
Those long and thin processes of the astrocytes oriented
within the limited space between the neurones and fibre
bundles may make efficient contact with the neurones to
maintain the neuronal function.?” Subsequently, the later
changes in the astrocytes may be aimed at rebuilding the
local environment, in order to facilitate the plasticity in
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the SC neurones activities and pattern of local synaptic
connections.?®

Conclusion

In conclusion, we have revealed a significant decrease of CB
in the SL of SC following monocular enucleation. This loss
is likely compensated by an increase in PV with additional
support from nearby astrocytes. We suggested that such
compensatory mechanisms of calcium homeostasis in SC
neurons might play an important role following neuronal
loss, neurodegenerative disease or injury.
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