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a b s t r a c t

Purpose: The number of retinal ganglion cells (RGC) is often used as an outcome measure in neuropro-
tection. The gold standard for staining RGC is retrograde labeling, e.g. with fluorogold (FG). However,
this method alone does not permit to differentiate between viable and dead cells, because dying cells
only avoid being counted once they have undergone complete microglial-phagocytosis. To differentiate
between viable and dead but still existent RGC, we additionally stained FG-labeled RGC with calcein-
acetoxymethylester (CAM).
Methods: The left optic nerves of rats were crushed 6 days after stereotactical injection of FG into both
superior colliculi. The right eyes served as controls. Retinal whole mounts were prepared 2, 5, 8 or 11
days after optic nerve crush (ONC), and incubated for 30 min in culture media containing 0.01% CAM. RGC
densities were determined in defined areas at different eccentricities under a fluorescence microscope
using the appropriate filters. Twice-positive RGC were counted after merging both filters.
Results: The loss of RGC induced by ONC is identified earlier when these cells are detected by FG + CAM

rather than by FG-labeling alone. The percentages of FG-positive RGC stained with CAM were 83% in
controls, 68% on day 2, 48% on day 5, 26% on day 8, and 9% on day 11 after ONC. The decay rate of FG-
prelabeled RGC appears accelerated and becomes more linear when only viable RGC positive for CAM are
counted.
Conclusions: The staining of FG-prelabeled RGC with CAM permits the discrimination between dead and
viable RGC in retinal whole mounts, which enables to quantify RGC degeneration earlier after injury than

ocyto
by using microglial-phag

. Introduction

Compared to other neuronal structures in the central nervous
ystem (CNS), the visual system is relatively easy accessible for the
xamination of degenerative and regenerative processes. Accord-
ngly, retinal ganglion cells (RGC) are often counted to assess the
fficacy of various interventions on neuronal damage or the survival
n various models of optic nerve injury, e.g. optic nerve crush (ONC)
r axotomy (Berkelaar et al., 1994; Isenmann et al., 1997), glau-

oma (Hanninen et al., 2002; Lasseck et al., 2007; Quigley, 1999) and
schemia (Jehle et al., 2008a; Jehle et al., 2008b). RGC numbers have
een quantified so far by extrapolating from cell counts obtained
rom representative cross-sections (Fileta et al., 2008; Huang et

Abbreviations: CNS, central nervous system; RGC, retinal ganglion cells; ONC,
ptic nerve crush; FG, fluorogold; CAM, calcein-acetoxymethylester; GCL, ganglion
ell layer; AMC, activated microglia cells; +, positive.
∗ Corresponding author. Tel.: +49 761 270 4001; fax: +49 761 270 4127.

E-mail address: julia.biermann@uniklinik-freiburg.de (J. Biermann).
1 Both the authors contributed equally to this work.
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sis-dependant retrograde labeling alone.
© 2010 Elsevier B.V. All rights reserved.

al., 2006), by determining the proportion of RGC axons in cross-
sections of the optic nerve (Levkovitch-Verbin et al., 2003), and by
quantifying RGC densities in defined areas of retinal whole mounts
(Maeda et al., 2004; Schlamp et al., 2001).

Identifying RGC based on morphologic or size criteria alone can-
not completely discriminate between RGC and displaced amacrine
cells, which can make up to almost 50% of cells in the ganglion cell
layer (GCL) in the rat (Perry, 1981). RGC must therefore be labeled.
As conventional immunohistological stains – NeuN (Buckingham
et al., 2008; Zhong et al., 2007), neurofilament (Xin et al., 2007),
cresyl violet (Lagreze et al., 1999) or apoptotic markers (Harada et
al., 2006; Tatton et al., 2001) – do not permit the selective identi-
fication of RGC, and Thy-1, which preferentially labels RGC, does
not lend itself to quantitative studies of RGC populations in reti-
nal whole mounts (Barnstable and Drager, 1984; Perry et al., 1984),
retrograde labeling of RGC became the gold standard technique.
For retrograde labeling, a fluorescent tracer such as fluorogold
(FG) (Jehle et al., 2008b; Vidal-Sanz and Lafuente, 2001), Dil (Vidal-
Sanz et al., 1988) or 4-Di-10 ASP (Lasseck et al., 2007; Naskar et
al., 2002) is injected into the superior colliculus. The axon ter-
minals take up the dye within days and transfer it retrogradely

dx.doi.org/10.1016/j.jneumeth.2010.07.037
http://www.sciencedirect.com/science/journal/01650270
http://www.elsevier.com/locate/jneumeth
mailto:julia.biermann@uniklinik-freiburg.de
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nto the cell somata in the retina (Schmued and Fallon, 1986;
elles-Navarro et al., 1996). However, there are two shortcomings
o this method: (1) it is impossible to assess early postlesional
tages because dead fluorogold-positive (FG+) cells do not evade
uantification until obvious apoptotic alterations and complete
icroglia-phagocytosis have occurred and (2) the quantification

s increasingly difficult in the advanced stages of cell death because
umerous activated microglia cells (AMC) become secondarily FG+
fter RGC phagocytosis.

As neuroprotection should both preserve RGC and main-
ain metabolic function, it seems desirable to obtain additional
nformation on the functional state of RGC after damage and
reatment. Recent studies identified Brn3a as an immunological

arker to assess RGC-viability after acute optic nerve injury and
cular hypertension (Nadal-Nicolas et al., 2009; Salinas-Navarro
t al., 2010). The combination of RGC-specific retrograde label-
ng and unspecific viability stains could be another approach
o assess RGC-viability early after damage. We therefore com-
ined conventional FG-labeling with a cell viability stain using
alcein-acetoxymethylester (CAM) in a rat model of ONC. CAM is a
embrane-permeable, fluorogenic esterase substrate hydrolyzed

ntracellularly to a green fluorescent product (calcein). Thus, green
uorescence is an indicator of viable cells. CAM has been used
o identify purified RGC in culture (Liu et al., 2007; Otori et al.,
998; Tezel and Yang, 2004), but so far not in retinal whole
ounts. In this study, we attempted to quantify viable RGC in
hole mounts using FG and CAM as a new method for assessing cell

itality.

. Materials and methods

.1. Animals

Adult male and female Sprague–Dawley rats (180–300 g,
harles River, Sulzfeld, Germany) were used in this study. Ani-
als were fed a standard rodent diet ad libitum while kept on
12-h light/12-h dark cycle. All procedures involving animals

oncurred with the statement of The Association for Research in
ision and Ophthalmology for the use of animals in research, and
ere approved by the Committee for Animal Welfare of the Uni-

ersity of Freiburg. All types of surgery and manipulations were
erformed under general anesthesia with isoflurane/O2. Body tem-
erature was maintained at 37 ± 0.5 ◦C with a heating pad and a
ectal thermometer probe. After surgery, Temgesic® (0.05 mg/kg,
ssex Pharma, Germany) was applied intraperitoneally to treat
ain. While recovering from anesthesia, the animals were placed

n separate cages, and gentamicin ointment (Refobacin; Merck,
armstadt, Germany) was applied on ocular surfaces and skin
ounds.

.2. Retrograde RGC labeling

Deeply anesthetized rats were placed in a stereotactic appara-
us (Stoelting, Kiel, Germany), and the skin overlying the skull was
ut open and retracted. The lambda and bregma sutures served
s landmarks for drilling six holes. We injected 7.8 �l of FG (Flu-
rochrome, Denver, CO, USA), dissolved in dimethylsulfoxide (FG
% in NaCl with 10% DMSO), into both superior colliculi as described
reviously (Jehle et al., 2008b). To ensure adequate RGC labeling,
nimals were given 6 days to perform the retrograde transport of
G before further experimental intervention.
.3. Optic nerve crush

The left optic nerve (ON) of rats was approached via orbitotomy
n day 7 after stereotactical FG injection into both superior colliculi.
nce Methods 192 (2010) 233–239

After partial removal of the lacrimal gland and transsection of the
superior rectus and obliquus muscles, the ON was exposed by blunt
dissection of the retractor bulbi muscle. The nerve was separated
after splitting the meninges and, as a whole, mechanically crushed
directly behind the eyeball for 10 s using a fine forceps without
residual aperture. Intact retinal perfusion was confirmed within
3 min after the crush.

2.4. Tissue preparation and CAM staining

Animals were sacrificed by CO2 inhalation after 2, 5, 8 and
11 days after ONC (n = 19). The right, untreated eyes of the ani-
mals served as controls. Retinal tissue was immediately harvested
and further processed for whole mount preparation in ice-cold
Hank’s balanced salt solution. Retinae were carefully placed on a
nitrocellulose membrane with the GCL on top. After removing the
vitreous body, the retinae were incubated in serum-free culture
media (Promocell, Heidelberg, Germany) containing 0.01% CAM
(Molecular Probes, Inc., Eugene, OR, USA) at 37 ◦C for 30 min. The
preparation–procedure from death to incubation took about 8 min,
while the tissue was kept on ice permanently. After incubation,
retinae were embedded in mounting media (Vectashield; AXXORA
Deutschland, Lörrach, Germany) and immediately recorded. The
best staining result was achieved without tissue fixation. How-
ever, a short fixation in PFA 4% for 10 min was possible; longer
fixation in PFA or fixation in methanol was not possible, as fluores-
cent calcein easily diffuses through damaged cell membrane over
time.

The number of FG+ or CAM+ RGC was further assessed in single
labeled retinae of controls and 5 or 8 days after ONC (n = 3) and
compared with the number of FG+ or CAM+ RGC in twice labeled
retinal tissue to exclude a mutual interference of the two dyes.

2.5. Tissue and data analysis

The densities of FG+ and CAM+ RGC were determined in blinded
fashion using a fluorescence microscope (AxioImager; Carl Zeiss,
Jena, Germany) and the appropriate bandpass emission filters
(FG: excitation/emission 331/418 nm; CAM: excitation/emission
495/515 nm). In detail, we photographed three standard rectangu-
lar areas (the size thereof was 0.200 mm × 0.200 mm = 0.04 mm2)
at 1, 2 and 3 mm from the optic disc in the central regions of
each retinal quadrant (Fig. 1A). A picture was recorded after local-
izing the GCL with the FG filter (Fig. 1B), followed by another
picture of the same level in the CAM filter (Fig. 1C). All stained RGC,
identified using morphologic criteria, were calculated in each pho-
tograph using a cell-counter plugin (dots in Fig. 1A and B, ImageJ
software). Thereafter, both counting areas were merged and twice-
marked cells (cells with two dots) were then counted (Fig. 1D).
Secondary FG-stained AMC after RGC phagocytosis were separated
by morphologic criteria and excluded from examination. To acquire
cells/mm2, we multiplied the number of analyzed cells/0.04 mm2

by 25.
Single labeled retinae (only FG or only CAM labeling) were

assessed in a similar manner as described above using the appro-
priate bandpass emission filter.

Further tissue analysis was achieved with a Leica TCS SP2 AOBS
spectral confocal microscope. To determine the depth of CAM-
penetration into retinal tissue, retinal whole mounts of controls
without FG-labeling were prepared as described above. After CAM
staining, retinae were fixed in PFA 4% for 10 min and then embed-

ded in Mowiol embedding medium (Calbiochem, San Diego, CA)
containing 4′,6-diamino-2-phenylindole dihydrochloride hydrate
(DAPI; Sigma) for nuclear staining. Interestingly, all CAM was
incorporated by cells in the inner retina (cells in the GCL, con-
sisting mainly of RGC but also displaced amacrine cells and some
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ig. 1. Method of RGC quantification in the FG and CAM filter. (A) RGC density wa
reen: CAM). (B and C) Scans of a control retina in the FG (B) and CAM (C) filter. Al
alculated in an area measuring 0.04 mm2 using a cell-counter plugin (ImageJ softw
wo dots) were additionally counted. Arrowheads accentuate cells which were FG-

ndothelial cells). These cells had direct contact to the calcein solu-
ion (Fig. 2A). DAPI-positive cells in the inner nuclear layer (INL)
mainly bipolar cells) were not stained by CAM (Fig. 2B). CAM
taining infiltrated approximately the upper 5 �m of the retinal
hole mount. The external retinal layers, which were covered
ith the nitrocellulose membrane, were not stained, as shown

n a three dimensional reconstruction of the retinal whole mount
Fig. 2C).

.6. Statistical analysis
All aggregated data are presented as means with their corre-
ponding SEM. Statistical significance was assessed using ANOVA,
ollowed by Tukey–Kramer post hoc testing for multiple com-
arison procedures. Differences were considered statistically
ignificant at P < 0.05. For the survival curves, all RGC densi-

ig. 2. Confocal microscopy revealed calcein-positive cells only in the GCL. Confocal scan
ere stained with DAPI. (A) CAM was incorporated by DAPI-positive cells in the GCL, whi
ot stained by CAM. (C) Vertical reconstruction of the whole mount in the location mark
�m of the retinal whole mount. Deeper retinal layers, covered with the nitrocellulose m
rmined in three standard rectangular areas per quadrant in both filters (blue: FG,
ed RGC, identified according to morphologic criteria, were marked with a dot and
D) Thereafter, both counting areas were merged and twice-marked cells (cells with
M-positive. Scale bar in D for all photographs is 100 �m.

ties were normalized to the mean number of FG-labeled control
retinae.

3. Results

3.1. CAM labels viable cells in the GCL

Conventional FG-labeling displayed RGC specifically, as shown
in Fig. 3A, D and G in representative photographs of a control
retina (A–C) and of a retina 2 (D–F) and 8 (G–I) days after ONC.
As expected, the number of FG-positive RGC decreased over time

after ONC. Calcein was concentrated evenly in the cytoplasm of
all viable cells in the GCL (Fig. 3B, E and H), and in retinal vessels
(H), whereas the nerve fiber layer was not stained. In conjunction
with morphologic characteristics, we identified CAM-positive RGC.
The overlay of both filters (Fig. 3C, F and I) allowed the differentia-

s of a flat-mounted retina after CAM staining fixed in PFA 4% for 10 min. Cell nuclei
ch had direct contact to the calcein solution. (B) DAPI-positive cells in the INL were
ed in A and B with a white line. CAM staining infiltrated approximately the upper
embrane on the bottom, were not stained. Scale bar in A and B 10 �m.
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Fig. 3. Twice labeled cells represented viable RGC. Representative photographs of a control retina (A–C) and of a retina 2 (D–F) and 8 (G–I) days after ONC. (A, D and G)
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labeled control retinae, 100% of FG-positive RGC were visible on
day 2, 79% on day 5, 43% on day 8, and 22% on day 11 after ONC.
The percentages of FG-positive RGC stained with CAM were 83% in
controls, 68% on day 2, 48% on day 5, 26% on day 8 and 9% on day
onventional FG-labeling displayed RGC most specifically, whose number decrease
essels (H). (C, F and I) The overlay of both filters displayed twice-positive cells, w
robably dying RGC with preserved morphology not yet cleared by phagocytosis. F
han RGC. Scale bar in I for all photographs is 100 �m.

ion of the following three cell categories: (1) FG+/CAM+ cells were
dentified as viable RGC, (2) FG+/CAM− cells (white arrowheads),

ere most probably dying RGC with preserved morphology not
et cleared by phagocytosis, and (3) FG−/CAM+ cells (black arrow-
eads) were regarded as other viable cells in the GCL rather than
GC.

.2. Twice labeled cells represented viable RGC

The absolute number of RGC (identified through morphologic
riteria and staining) did not differ significantly whether counted
n the FG filter or the CAM filter (P > 0.05) on any day of anal-
sis. Table 1 presents RGC densities in absolute numbers as
eans ± SEM. In the controls, RGC densities did not differ signifi-

antly when quantified only in the FG filter or in the overlay, as most
f the FG+ RGC were CAM+ as well (P > 0.05). Two, 5, and 8 days after
NC, RGC densities evaluated in the FG filter or the overlay differed

ignificantly (P < 0.05). This might be due to an increasing number
f apoptotic RGC, which were still FG+ but inefficient in hydrolyz-
ng CAM to fluorescent calcein. In the later postlesional stages (ONC
11), we observed fewer differences in RGC density (FG versus FG+
AM, Table 1).
.3. CAM and FG-labeling do not interfere

To exclude interference of FG and CAM in twice labeled retinae,
GC densities in single labeled retinae of controls and 5 and 8 days
fter ONC were further examined (Fig. 4). The numbers of FG+ or
time after ONC. (B, E and H) Calcein stained all viable cells in the GCL and in retinal
ere thus identified as viable RGC. FG+/CAM− cells (white arrowheads) were most

AM+ cells (black arrowheads) were most likely other viable cells in the GCL rather

CAM+ RGC did not differ significantly in single or twice labeled
retinal tissue at any day of analysis (P > 0.05).

3.4. Twice labeling displayed an almost linear death kinetic of
RGC after ONC

The survival curve of RGC is shown in Fig. 5. Normalized to FG-
Fig. 4. CAM and FG-labeling do not interfere. The number of FG+ or CAM+ RGC
in single labeled retinae of controls and 5 or 8 days after ONC compared with the
number of FG+ or CAM+ RGC in twice labeled retinal tissue. The numbers of FG+ or
CAM+ RGC (mean ± SEM) did not differ significantly in single or twice labeled retinal
tissue at any day of analysis (P > 0.05), demonstrating that there is no interference
between FG and CAM which could have influenced the quantification.
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Table 1
Number of RGC/mm2 ± SEM in twice labeled retinae that were FG+, CAM+ or both.

n retinae FG+ CAM+ FG+ CAM+ P (FG+ vs FG+ CAM+)

Control 6 1866 ± 96 1829 ± 105 1545 ± 73 >0.05
ONC d2 3 1862 ± 96 1711 ± 107 1277 ± 65 <0.01
ONC d5 4 1458 ± 156 1285 ± 109 880 ± 86 <0.05
ONC d8 3 808 ± 47 685 ± 30 491 ± 44 <0.01
ONC d11 3 411 ± 29

Twelve images per retina were recorded and analyzed. ONC, optic nerve crush; d, day; +,
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ig. 5. Survival curve of RGC after ONC. After ONC, the decay rate of prelabeled
GC appears accelerated and becomes more linear when counting only viable RGC
ositive for CAM as well. Greater deviations in RGC densities were detected between
ays 2 and 8 after ONC.

1 after ONC. After ONC, the decay rate of prelabeled RGC appears
ccelerated and becomes more linear (R2: 0.9985, P < 0.001) when
ounting only viable, CAM+ RGC. Greater deviations in functional
GC stages were detected between day 2 and 8 after ONC.

. Discussion

Quantification of RGC number in normal and diseased retinal
issue is essential to better understand the mechanisms of RGC
eath and interventions aiming at neuroprotection. In this investi-
ation we describe a new method for assessing the cell vitality of
G-prelabeled RGC with CAM in whole mounts. This method may
ermit the discrimination between dead and viable RGC, which
nables to quantify RGC degeneration earlier after injury than
y using microglial-phagocytosis-dependant retrograde labeling
lone.

Adult RGC are widely used as a model to study mechanisms
f de- and regeneration within the CNS. All regions of the CNS
ncluding the retina share the disadvantage of being composed of
eterogeneous populations of cells. In the retina, RGC constitute
1% of the total population (Thanos et al., 2000). Assessments of
erve cell loss based on cell counts and measurements of surviv-

ng neurons in the GCL cannot however distinguish with certainty
etween actual ganglion cells and displaced amacrine cells that
ay account for nearly half of the neurons in this layer (Cowey

nd Perry, 1979; Perry, 1981). Thus, specific markers are required
o identify subpopulations of retinal neurons in the GCL.

RGC in rodents can be specifically labeled with Thy-1. However,
his technique is unsuitable for quantitative studies of RGC popu-
ations in retinal whole mounts due to the antibody’s insufficient

enetration through the internal limiting membrane (Barnstable
nd Drager, 1984; Perry et al., 1984). Furthermore, Thy-1 expres-
ion changes in RGC after injury (Huang et al., 2006). Recently it has
een described that RGC in mice and rats can be immunologically
etected with antibodies against RGC-specific Brn3a and that Brn3a
527 ± 102 164 ± 8 >0.05

positive; FG, fluorogold; CAM, calcein; vs, versus.

is downregulated in RGC early after optic nerve transsection or
crush, which could make it a well-suitable marker for RGC degener-
ation in the future (Nadal-Nicolas et al., 2009). However, Brn3a RGC
axons have a relative preference for the contralateral hemisphere,
RGC that projected ipsilaterally as well as those that project con-
tralaterally to subcortical centers were not Brn3a positive (Quina
et al., 2005).

The progress of tracing techniques over the last decades has
involved a range of different methodologies, some of which are
based on a common principle, namely axonal transport. In vivo
labeling with fluorescent dyes (FG, Dil, 4-Di-10 ASP) was estab-
lished, allowing the definition of neuronal populations according
to their anatomical connections (Vidal-Sanz et al., 1988). Thus, in
this experiment, we used retrograde labeling from the superior col-
liculus with FG as a specific method to label RGC. The additional
CAM staining used in this investigation provided further informa-
tion about RGC vitality, an important factor in neuroprotection
experiments.

At present, there is no adequate substitute for retrograde label-
ing, although it has some limitations. In animal models, RGC were
most commonly labeled retrogradely before a neurodegenerating
intervention, and RGC death was assessed by quantifying RGC loss
(Fischer et al., 2000; Villegas-Perez et al., 1993). Using this prela-
beling technique, one potential source of error is to count dead
RGC with preserved morphology that have not yet been cleared by
phagocytosis. This drawback, which is particularly relevant within
the first 4 days after an intervention, can be circumvented by
additional labeling with CAM. By using this method, we did not
overestimate the number of RGC of 17%, 33%, 31%, 17% and 13%
on days 0, 2, 5, 8, and 11 after ONC, respectively. The 17% dif-
ference in control-tissue RGC on day 0 may be due to RGC dying
between enucleation and the staining procedure. Another short-
coming of retrograde labeling (with regard to quantification of RGC
number) was the phagocytosis-dependent FG-staining of microglia
cells. Retrograde and anterograde degeneration have been reported
to be sufficient stimuli to activate glial cells which, in turn, are
involved in the phagocytosis of dying neurons (Thanos et al., 1994).
However, this potential source of error cannot be prevented with
CAM; the examiner must still discriminate between different cell
types.

An interference of the two dyes could be excluded by the addi-
tional examination of single labeled retinae (Fig. 4). Moreover, the
two staining methods complement each other due to the following
differences: (1) time point and location of labeling (the double-
staining of RGC reported here was a combination of an in vivo
staining with retrogradly transported FG from superior colliculus
and additional staining of the retinal flat mount with CAM in vitro);
(2) mechanism of labeling (FG was retrogradely transported from
the RGC axon into the soma prior to ONC (RGC-specific labeling)
while CAM penetrates the membranes of the superficial cell layer of

the whole mount and was then hydrolyzed intracellularly to green
fluorescent calcein (vitality specific labeling)). The different stain-
ing pattern of the retinal cells seen in Fig. 3D–I results from these
differences and allows to discriminate between viable and dead
RGC.
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In this set of experiments, we found that 57% or 74% RGC were
ost 8 days after ONC using FG alone or FG and CAM, respectively.
his concurs in part with previous studies using other techniques
or quantifying RGC after ONC. Leung et al. (2008) found fairly
imilar results (more than 80% at week 1 after ONC) of Thy1-
FP-expressing RGC using a blue-light confocal scanning laser
phthalmoscope in mice. Like our method, the method reported by
eung based to some degree on cell function, as stressed but alive
GC switched off the Thy1-CFP-signal leading to a much higher
stimate of RGC loss. By contrast, Higashide et al. (2006) imaged
etrogradely-labeled RGC in vivo with a scanning laser ophthalmo-
cope, demonstrating that approximately 30% of RGC were lost by
ay 7 after ONC, respectively. This obviously much smaller RGC loss
ay be explained by the following: Higashide et al. just counted

right blobs in blurry retinal images, thus they were not able to
istinguish RGC and FG-filled microglia by morphology (false high
GC count). Visualizing apoptosing RGC with intravitreal injection
f Annexin 5, Cordeiro et al. reported that 40% of RGC were lost by
ay 7 and 76% were lost by day 12 after optic nerve transsection
Cordeiro et al., 2004).

Hence, the additional staining of FG-prelabeled RGC with CAM
eems to identify viable RGC in the GCL of retinal whole mounts
nd may help characterize neuroprotective agents more precisely.
sing the protocol as stated in this manuscript, all CAM was incor-
orated by cells in the inner retina (the upper 5 �m of the retinal
hole mount, consisting mainly of RGC but also displaced amacrine

ells and some endothelial cells). We speculate that the cells of the
nner retina act as a barrier which, to some degree, prevents dif-
usion of CAM into the outer retina. After transport into the cells,
ntracellular esterases remove the acetomethoxy group, the calcein

olecule gets trapped inside and develops a strong green fluores-
ence. Thus, penetration into deeper layers may not be possible. The
uter/external retinal layers were not stained by CAM, as they were
overed with the nitrocellulose membrane which seems to be an
nsuperable barrier for CAM. The CAM staining procedure is easy to
mplement, although longer fixation of retinal whole mounts with
FA or methanol after CAM labeling is not recommended (fluores-
ent calcein can diffuse through damaged cell membranes). Short
xation in 4% PFA for 10 min is possible when the retinal tissue

s photographed immediately afterwards. Furthermore, the qual-
ty of the CAM staining in whole mounts was weaker compared to
he staining result achieved for single neurons in culture reported
lsewhere (Liu et al., 2007; Otori et al., 1998; Tezel and Yang,
004). Interestingly, RGC-dendrites and -axons are not markedly
tained by CAM in whole mounts, which seems to be an advantage
hen counting viable RGC. In experiments addressing interven-

ions interfering with neuronal survival, improved accuracy and
easibility of RGC quantification using flat mounts would have been
chieved by quantifying the whole flat mount (Danias et al., 2002)
nstead of random testing of 12 locations distributed in 3 eccentic-
ties and 4 quadrants. However, the special software tool used by
anias et al. may not be available for some scientists.
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