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ABSTRACT 
This protocol details a method for isolating retinal tissue from adult rats as 
an organotypic culture to study neurobiological processes in mature tissue.  
It combines the efficiency and control common to in vitro techniques with 
close imitation of the in vivo environment.  Eyes from adult rats are 
enucleated and the neural retina is isolated.  Tissue is cut into quarters, 
yielding eight retinal explants per animal, and cultured at a fluid/air 
interface on organotypic culture membranes.  Explantation can be 
accomplished in thirty minutes per animal.  Tissue is nourished by a serum-
free medium and can be viably maintained for at least two weeks ex vivo.  
Protocols are provided that describe histological processing, including 
techniques for whole-mount and cross-sectional immunohistochemical 
labelling.  In addition, methods for simulating intraocular cell 
transplantation and pharmacological screening for neuroprotective therapies 
are also provided. 
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INTRODUCTION 
Retinal explant culture  
Organotypic culture involves the ex vivo maintenance of an organ or tissue, or parts 
thereof, as an in vitro model which recapitulates the in vivo cellular architecture of a 
tissue.  Therefore, organotypic culture methods allow investigators to observe and 
manipulate the behaviour of complete tissues in a highly controlled in vitro setting 
while maintaining cells in situ with some semblance of physiological intercellular 
processes and communications.  Beginning in the mid twentieth century with the 
work of Ames and colleagues,1-3 organotypic culture of the neural retina has played a 
central role in the history of neuroscience.4,5  Unlike other tissues, which often require 
slicing for organotypic culture (such as the hippocampus), the thin structure of the 
neural retina allows culture of the tissue intact, thereby facilitating study of 
generalizable neurobiological processes as well as those that are retinal-specific.  
Investigators have successfully cultured retinal tissue from a variety of species,6-8 but 
the most common source is the rodent. 
 
Investigators have been employing various forms of organotypic retinal explant 
culture for decades in order to study a wide range of neurobiological processes 
including retinal development,4, 9-12 CNS regeneration,13-18 cell death and 
neuroprotection,19-21 electrophysiological activity,3, 22 and genetic modification.23, 24  
Due to the varying nature of such investigations, a remarkable diversity in retinal 
explant culture methods has arisen.  This has contributed to great variability in 
expected experimental outcomes and tissue behaviour depending on the protocol 
being followed.  For example, the culture of embryonic or neonatal retina provides 
very good tissue viability over a period of weeks ex vivo, during which time intrinsic 
developmental programs proceed.  This feature has placed organotypic culture at the 
forefront of retinal developmental biology research.  In contrast, culturing viable adult 
tissue for extended periods has proven problematic.  Another highly variable aspect of 
retinal culture protocols is tissue orientation; while culturing retina with the ganglion 
cell layer opposed to glass is valuable for studying axon regeneration,13, 14, 18 it 
imposes extremely non-physiologic conditions that are not suited for studying 
pathological neurodegeneration, as occurs in human patients. Therefore, building 
upon numerous existing model systems, we sought to develop and characterise an 
organotypic retinal explant culture protocol that uses adult rodent tissue and that 
could be employed specifically to study cellular processes inherent to fully developed 
tissue, with a focus on pathology and treatment for retinal neurodegeneration.25, 26 
 
Development of the current protocol 
The current protocol utilizes neural retinal tissue from adult rats.  During tissue 
isolation the optic nerve is transected to separate the retina from the posterior eye-cup, 
which results in axotomy of all retinal ganglion cells (RGCs).  This triggers 
progressive degeneration of RGCs over time in culture, thus representing a model of 
inner retinal neurodegeneration.25  In addition, dissection separates the neural retina 
from the retinal pigment epithelium (RPE), leading to loss of photoreceptor outer 
segments and subsequent progressive photoreceptor degeneration.  Therefore, this 
explant culture system may also model outer retinal neurodegeneration. 
 
During development of the protocol, we extensively characterised the explant system 
to validate its ability to model certain aspects of in vivo retinal physiology accurately.  
This is an important benefit of the current protocol that is not consistently available 
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for many other existing protocols, and which confers confidence that results obtained 
using the system as defined will roughly translate to in vivo physiology.  First, we 
demonstrated that cultured tissue exhibited progressive, not immediate, 
neurodegeneration,25, 26 thereby reflecting an important facet of common 
neurodegenerative pathologies.  Secondly, we demonstrated that, at least with respect 
to all interventions assessed thus far, the behaviour of retinal tissue in vitro mimicked 
that previously observed in vivo.25-27  Specifically, we observed gliosis in response to 
known reactive stimuli, and replicated neuroprotection by compounds previously 
reported to prolong RGC survival in vivo.  If this model is employed for purposes not 
explicitly listed in this protocol, we recommend that control experiments be carried 
out to ensure faithful recapitulation of documented in vivo tissue behaviour.  Lastly, 
we developed a defined, serum-free media formulation that maximised tissue viability 
while facilitating replicability, clean molecular analysis, and control over all 
exogenous substances.  We now regularly use this established system to model 
neurodegeneration of adult tissue, and investigate novel neuroprotective treatments. 
 
Advantages over other in vitro and in vivo experimental systems 
Organotypic culture fills the gap between dissociated cell culture systems, which 
allow a high degree of experimental reproducibility, control, and efficiency, and in 
vivo animal models that (to varying degrees) reproduce the complexities of disease 
processes.  Efficient methods for culturing dissociated retinal neurons exist and are 
widely used for the study of cell death, neuroprotection, and neuroregeneration.28-30  
While these methods are able to generate thousands of cells for culture from a single 
retina, the behaviour of such cells grown in isolation is likely quite artificial.  
Moreover, the effects of experimental manipulation of molecular pathways may be 
different in isolated cells compared to that observed in whole tissues; dissociated cell 
culture is limited to investigation of only direct effects on cells of interest. 
 
In contrast to dissociated cell culture, in vivo models of disease maintain intercellular 
relationships, thereby more realistically modelling human physiology and 
pathophysiology.  The disadvantages of in vivo disease models, however, are clear.  
Animal models often require weeks to months for pathogenic processes to become 
apparent.  Furthermore, a high degree of variability between animals often 
necessitates large sample sizes, which contribute to significant expense and time 
considerations.  In addition, in vivo models often restrict precise control over 
experimental conditions at the cellular level. 
 
Organotypic culture methods are neither as efficient as dissociated cell culture 
systems, nor as realistic as in vivo animal models.  However, importantly, they 
provide a necessary compromise between the two systems.  For example, organotypic 
cultures can be more efficient (in terms of time and resources) and controllable (in 
terms of microenvironment) than in vivo studies.  They can also isolate direct tissue 
effects from off-target or systemic effects, and be used to explore the molecular 
interactions.  Organotypic cultures also permit the study of cells in situ, rather than in 
isolation as in dissociated cell cultures.  Therefore, they can provide a platform for 
confirming tissue effects of therapies identified using higher-throughput dissociated 
cell culture screens.  Organotypic models can also contribute to replacing, reducing, 
and refining the use of animals in biomedical research. 
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Disadvantages/considerations 
We have optimized a retinal explant culture system to model neurodegenerative 
disease in adult tissue.  Like any experimental model system it has important 
limitations.  While we have been able to demonstrate survival of retinal tissue to at 
least 17 days ex vivo,26 neuronal degeneration is progressive and affects multiple 
neuronal populations.25  We have defined the time course of RGC death in this model, 
but photoreceptor degeneration also occurs and it may not be possible to isolate the 
effects of these concurrent processes in this system.  Moreover, while two and a half 
weeks is a relatively long time to maintain adult retinal tissue in culture, it may not be 
sufficient to model chronic processes.  Furthermore, recapitulation of in vivo 
processes is not complete as our model is isolated from systemic processes, for 
example interactions with the immune system that contribute to some retinal 
pathologies.31, 32 
 
While retinal explant experimental consistency has proven reliable after 
familiarisation with the protocol, we have experienced variability in RGC survival in 
cultures over time between laboratories and investigators (TVJ and NDB, unpublished 
observations).  This could be a function of dissection technique, or subtle variability 
in reagent source/composition and experimental conditions.  Therefore, we suggest 
that individual users characterize the behaviour of their cultures prior to 
experimentation in order to determine optimal time points for analysis. 
 
Comparison of our method and others 
Our organotypic retinal explant culture protocol represents one of many that have 
been described in the published literature, including four previously published in 
Nature Protocols.14, 23, 33, 34  However, the current adaptation includes important 
modifications that make it valuable for a specific range of applications, including the 
study of neurodegeneration, neuroprotection, and cell transplantation - which we 
believe had been previously underserved by then-existing protocols.   
 
Unlike numerous other protocols that employed retinal explant culture using tissue 
from embryonic or neonatal animals for similar purposes,19, 21, 35 the current method 
uses adult tissue, which is important when modelling age-related neurodegenerative 
disorders.  Tissue from embryonic and neonatal animals is inherently more amenable 
to culture, and has been used extensively, however may not be applicable to human 
neurodegenerative disease, which occurs primarily in developmentally mature tissue.  
 
Organotypic retinal culture methods also vary with regard to preparation and 
orientation of the tissue in culture.  The current protocol maintains retinal tissue at a 
fluid/air interface supported by an organotypic culture membrane.  Medium supplies 
nutrients from below and is drawn through the filter to nourish the tissue, thereby 
forming a thin film over the explant.  This configuration allows for very good gas 
exchange and minimises tissue handling when maintaining cultures.  Moreover, it 
maintains the entire neural retina in a morphologic configuration that approximates 
that found in vivo.  In contrast, other explant protocols maintain tissue floating or 
submerged in medium, and/or mounted on a glass or plastic substrate7, 13, 14, 18, 34  This 
is sometimes performed for the purposes of inducing axon extension from RGCs and 
is useful for studying neuronal regeneration,13, 14, 18, 34 but is not applicable to studying 
pathogenic neurodegeneration or neuroprotection as it pertains to human disease. 
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Importantly, the protocol detailed here uses a serum-free, fully-defined medium.  
Many previous methods specify medium containing a high concentration of serum 
(most commonly horse or foetal bovine serum).6, 8, 10, 18, 21, 36  The use of serum can 
increase experimental variability and does not permit identification of all biologically 
active components.  The current protocol uses two commercially available serum-free 
neuronal supplements, N2 and B27, in combination with a basal media (Neurobasal-
A) designed to support adult neurons in vitro.  Details of the components included in 
both supplements are provided by Invitrogen Inc., however the exact concentration of 
B27 components is proprietary.  It is important to note that while Invitrogen Inc. 
undertakes quality control testing for B27 supplement, we and others have observed 
batch variation with respect to culture viability.37  Therefore, we recommend batch 
testing B27 supplement, with subsequent acquisition of lots that produce optimal and 
consistent results. 
 
Finally, using the current protocol, we have extensively characterized the behaviour 
of retinal tissue over time ex vivo to establish expected results and validate the 
method.25, 26  While other published studies have been conducted utilizing retinal 
explant culture to investigate neuroprotection, neurodegeneration, and/or the effects 
of cell transplantation,36, 38, 39 a lack of evaluative data demonstrating reproducibility 
and comparison to in vivo behaviour limits their effective application prior to 
extensive characterization on the part of the end-user.  In contrast, we have published 
numerous characterizations of this model and, to date, have used it to study retinal 
barriers to the integration of transplanted stem cells27 and examine novel 
neuroprotective therapies for RGCs.25  The published characterisation and validation 
of this system, along with this Protocol, should enable other investigators to 
confidently and reliably use this model in their laboratories. 
 
Experimental application of retinal explant cultures 
The current protocol was designed to model retinal neurodegeneration, in order to 
investigate potential neuroprotective and repair therapies.  To this end, we have 
specifically characterized the expression of cell-selective marker proteins, RGC death, 
and morphological degeneration in cultured explants over time ex vivo.25, 26  
Furthermore, we have validated the use of this model for identifying therapies capable 
of alleviating RGC death, with the aim of using it as a screening tool for novel 
neuroprotective therapies prior to pre-clinical testing.25  In addition, we have found 
this model useful for studying the inner retinal integration of transplanted stem cells.27 
 
This explant system may also be potentially useful in a variety of experimental 
applications beyond those for which we have employed it thus far.  For example, 
because the glial population remains viable and reactive in this system it may 
facilitate investigation of retinal glial biology, including reactive gliosis.  A similar 
method has been utilized by other investigators for such a purpose.40  Furthermore, 
precise control of the tissue environment may lend the system to studying the effects 
of altering environmental conditions (e.g. light, atmospheric pressure, oxygen tension) 
on retinal neuronal survival.  In addition, this system could be used to investigate non-
neural processes (e.g. retinal neovascularization) that play a role in disease pathology. 
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Considerations for experimental design 
The current Protocol describes organotypic culture of the adult retina in a flexible 
manner so that experiments may be tailored to a variety of neurobiological 
investigations.  However, we will include some important considerations for 
successful experimental design that we have identified through our previous 
applications of this model.  
 
As stated above, we have observed variability in explant viability over time ex vivo 
between individual users/labs.  Therefore, it is advisable to characterise tissue 
behaviour (e.g. cell survival, rate of degeneration) before undertaking comparative 
experiments in order to verify viability and reproducibility, and identify appropriate 
time point(s) for analysis, to facilitate successful experimental design in each 
application. 
 
It is also important to determine adequate sample sizes for each experimental group.  
When quantifying RGC loss, we have observed a level of variability that requires 6-8 
explants per group in order to observe an approximately 30-50% difference in cell 
survival between treatment groups.  During the course of this study we also observed 
that retinal explant viability could be affected by exogenous compounds included in 
drug formulations, such as drug vehicles and pharmaceutical preservatives.  
Therefore, we recommend that particular care be taken to control for all reagents 
present in drug preparations (e.g. DMSO, preservatives) when designing appropriate 
control groups for comparison. 
 
There are several important considerations for quantification of neuronal survival in 
retinal explants that should be highlighted, specifically with regard to RGC analysis.  
We have found that immunohistochemical labelling of RGCs using cell-specific 
markers and microscopic quantification, in both transverse sections and whole-
mounted tissue, can detect differences in cell survival across treatment groups.  
However, this type of analysis is not without limitations.  Critically, antigen 
expression is known to vary after neuronal injury, which likely occurs prior to cell 
death and may influence accurate quantification of surviving cells.41, 42  In addition, 
marker specificity must be considered given many antigens are expressed by multiple 
neuronal populations in the retina.  Methods such as retrograde labelling of RGCs 
prior to explanation may improve quantification accuracy but would necessitate in 
vivo surgical procedures.  Sourcing tissue from animals genetically engineered to 
stably express reporter genes in specific cell populations may also prove useful. 
 
Finally, cell survival analysis may be undertaken in either transverse retinal sections 
or whole-mounted explants, with advantages and disadvantages inherent to both 
approaches (methods for both are provided below).  Sectioning facilitates sampling 
throughout the whole explant across a number of slides (typically at least 10), thereby 
permitting analysis of dozens of antigens in each sample.  We have found this 
approach provides a reliable estimate of cell survival in the tissue.25  However, 
explant whole-mount analysis can provide a larger sample size for cell survival 
quantification while also allowing visualization of dendritic arbours and/or axons, 
which may be useful for studying neurodegenerative processes. 
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MATERIALS 
Reagents 
CRITICAL: The list provides details of the reagents used in our laboratory, however 
many reagents can be substituted with similar commercially available alternatives. 
 
ANIMALS 
• Typically we use 8-week old male Sprague-Dawley rats (Charles River Ltd, 

Kent, UK) to obtain retinal tissue for explant culture; however, tissue from 
Wistar, Lewis, and Brown Norway rats have produced comparable results in our 
hands.  CAUTION: ensure all relevant local, and national, ethical and legal 
guidelines/regulations associated with the use of experimental vertebrate animals 
are followed. 

 
GENERAL REAGENTS 
• Nunc 24-well multi-dish plates, flat bottom (VWR International, Lutterworth, 

UK; catalogue number 142475) 
• Antibiotic-antimycotic (100X) solution (Invitrogen Inc., Paisley, UK; catalogue 

number 15240062)  
• B-27 Supplement (50X), liquid (Invitrogen Inc.; catalogue number 0080085-SA) 
• 7 ml sterile unlabelled Bijou tube (Sterilin Ltd UK, Newport, UK; catalogue 

number 129A) 
• 24x60 mm glass coverslips (VWR International; catalogue number 737-0074) 
• Sterile distilled water 
• Dulbecco’s Phosphate Buffered Saline (PBS) with MgCl2 and CaCl2, liquid, 

sterile-filtered (Sigma-Aldrich UK, Gillingham, UK; catalogue number D8662-
500mL) 

• Ethanol absolut (Sigma-Aldrich UK; catalogue number 32221) 
• 150 mm diameter filter paper, Grade 1 (Whatman International Ltd., Banbury, 

UK; catalogue number 1001-150) 
• 320 mm diameter filter paper, medium retention, medium/fast flow rate cellulose 

(Fisher Scientific, Loughborough, UK; catalogue number FB59035) 
• FluorSave Reagent (20 mL) (Merck Chemicals Ltd., Beeston, UK; catalogue 

number 345789) 
• 200 mM L-glutamine solution (100X), liquid (Invitrogen Inc.; catalogue number 

25030032) 
• Goat serum (Invitrogen Inc.; catalogue number 16210072) 
• Hanks’ Balanced Salt Solution (1X), liquid containing Ca2+ and Mg2+ (HBSS; 

Invitrogen Inc.; catalogue number 24020091) 
• ImmEdge Pen (Vector Laboratories, Peterborough, UK; catalogue number H-

4000) 
• Millicell Cell Culture Inserts (12 mm diameter; 0.4 µm pore) (Millipore UK Ltd., 

Dundee, UK; catalogue number PICM01250) 
• N-2 Supplement (100X), liquid (Invitrogen Inc.; catalogue number 17502048) 
• Neurobasal-A Medium (1X), liquid (Invitrogen Inc.; catalogue number 

10888022) 
• Optimal cutting temperature (OCT) embedding compound (Tissue-Tek brand, 

product 4583; VWR International; catalogue number 25608-930) 
• Paraformaldehyde, powder (Sigma-Aldrich UK; catalogue number 158127) 
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• Peel-A-Way Mould, 22x22 mm truncating to 8 mm2 (TAAB Laboratories 
Equipment Ltd., Aldermaston, UK; catalogue number E113) 

• Penicillin (10,000 U/mL)-Streptomycin (10,000 µg/mL) Solution, liquid 
(Invitrogen Inc.; catalogue number 15140122) 

• 90 mm plastic Petri dish (Sterilin Ltd UK; catalogue number 101R20) 
• Sodium chloride (Fisher Scientific; catalogue number S/3160/53) 
• Sodium dihydrogen orthophosphate, dihydrate (Fisher Scientific; catalogue 

number S/3760/53) 
• di-Sodium hydrogen orthophosphate, dihydrate (Fisher Scientific; catalogue 

number S/4440/53) 
• Sodium hydroxide, anhydrous pellets (Sigma-Aldrich UK; catalogue number 

S5881) 
• Sucrose (Sigma-Aldrich UK; catalogue number S9378) 
• Superfrost Plus microscope slides (VWR International; catalogue number 631-

0108) 
• 20 ml syringe (BD, Oxford, UK; catalogue number 300613) 
• 0.45 µm pore Minisart sterile syringe filter (Sartorius Stedim Biotech, Epsom, 

UK; catalogue number 16555) 
• Triton X-100 (Sigma-Aldrich UK; catalogue number X100) 
• Trypsin-EDTA (10X), liquid (0.5% trypsin, 5.3 mM EDTA) (Invitrogen Inc.; 

catalogue number 15400054) 
 

Equipment 
• CO2 Cell Culture incubator (for example NuAire Autoflow 5500 CO2 air jacketed 

incubator, Triple Red Ltd., Aylesbury, UK) 
• Cryostat (for example Leica CM3050S Research Cryostat, Leica Inc., Wetzlar, 

Germany) 
• Bishop-Harman forceps, straight with 1x2 teeth (FST/Interfocus Ltd.; catalogue 

number 11070-08) 
• Dumont #5 forceps, 11 cm standard tip Inox (FST/Interfocus Ltd.; catalogue 

number 111251-20) 
• Beaver Xstar crescent knife, 2.5 mm 55o bevel up (BD; catalogue number 

373807) 
• ClearCut sideport knife, dual bevel 1.0 mm angled (Alcon United Kingdom, 

Hemel Hempstead, UK; catalogue number 8065-921540) 
• Laminar Flow hood for sterile dissection and culture preparation (for example 

BioQuell Microflow laminar flow workstation, BioQuell UK Ltd., Andover, UK) 
• 21G hypodermic needle (BD; catalogue number 301155) 
• Noyes spring scissors, straight 12 cm with 14 mm cutting edge (FST/Interfocus 

Ltd., Linton, UK; catalogue number 15012-12) 
• No. 4/0 Pro Arte Series 107 Prolene spotter fine paintbrush (ArtStore, Glasgow, 

UK; www.artstore.co.uk) 
• Set of single-channel pipettes (for example Gilson Pipetman, Scientific 

Laboratory Supplies Ltd., Wilford, UK; catalogue numbers: P10 F144802, P20 
F123600, P200 F123601, P1000 F123602), with sterile filter tips 

• Standard pipette gun (for example Gilson Macroman Pipette Controller, 
Scientific Laboratory Supplies Ltd.; catalogue number F110753) 
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• Stereomicroscope with light source for dissection (for example Leica WILD 
M32, Leica Inc.) 

• Vannas spring scissors, straight 10.5 cm with 4 mm cutting edge (FST/Interfocus 
Ltd.; catalogue number 15018-10) 

• Westcott spring scissors, 15 mm cutting edge, 11 cm slightly curved 
(FST/Interfocus Ltd.; catalogue number 15015-11) 

 
Reagent Setup 
70% ethanol:  To make 1 L, add 700 ml ethanol absolut to 300 ml distilled water and 
mix. 

Dissection medium:  Add 5 ml of the antibiotic-antimycotic (100X) solution to 
500 ml HBSS and mix.  CRITICAL: to ensure sterility of medium this step must be 
performed in the laminar flow hood using good sterile technique.  Store protected 
from light at 4oC. 

Explant culture medium:  To make up 20 ml, mix together 19 ml Neurobasal-A 
Medium, 400 µl B27 supplement, 200 µl N2 supplement, 200 µl 
penicillin/streptomycin solution and 80 µl L-glutamine solution.  Filter sterilise 
medium using 20 ml syringe equipped with 0.45 µm pore syringe filter.  CRITICAL: 
to ensure sterility of medium this step must be performed in the laminar flow hood 
using good sterile technique.  Store medium protected from light for a maximum of 
2 days at 4oC. 
10M sodium hydroxide solution:  To make 100 ml, dissolve 4 g sodium hydroxide 
pellets in about 80 ml distilled water; once dissolved make up volume to 100 ml using 
distilled water.  Store at room temperature.  CAUTION: dissolution of sodium 
hydroxide in water is an exothermic process, this step should always be performed in 
a fume cupboard and care should be taken to add the sodium hydroxide pellets to the 
water slowly to ensure the solution does not boil.  CAUTION: sodium hydroxide 
pellets and solution are highly caustic, therefore use appropriate PPE (including 
gloves and safety goggles) and take care to ensure no skin contact; for guidance see 
MSDS. 

10X phosphate buffered saline (PBS) solution:  To make 5 L, dissolve 425 g 
sodium chloride, 53.15 g di-sodium hydrogen orthophosphate and 19.5 g sodium 
dihydrogen orthophosphate in 4 L distilled water.  Once completely dissolved, use 
distilled water to make volume up to 5 L and adjust pH to 7.4.  Store at room 
temperature. 
4% paraformaldehyde/0.1M PBS solution (4% PFA):  To make 1 L, heat 800 ml 
distilled water to approximately 60oC, add 1 ml 10M sodium hydroxide solution and 
dissolve 40 g paraformaldehyde powder with continuous mixing over heat.  Once 
fully dissolved, allow solution to cool to room temperature and add 100 ml 10X PBS 
solution, mix and then add distilled water to adjust volume to 1 L total.  Finally, 
adjust pH to 7.2-7.4, filter through 320 mm diameter medium/fast flow rate filter 
paper (or equivalent) and store at 4oC for up to 1 week.  CAUTION: 
paraformaldehyde powder and solution is toxic, weighing of PFA powder and 
preparation of solution must always be performed in a fume cupboard.  Use 
appropriate PPE and take care to ensure no skin contact; for guidance see MSDS. 
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0.1M PBS (1X) solution:  To make 1 L, add 100 ml 10X PBS solution to 900 ml 
distilled water and mix.  Check pH is 7.4.  Store at room temperature. 

30% sucrose solution:  To make 100 ml, dissolve 30 g sucrose in about 70 ml 0.1M 
PBS solution; once dissolved, make up volume to 100 ml total by adding 0.1M PBS 
solution.  Store at 4oC, do not use once contaminated with microorganisms (this can 
be prevented by filter sterilisation). 

PBS-T (0.1M PBS with 0.2% triton X-100) solution:  To make 100 ml, add 200 µl 
triton X-100 solution to 100 ml 0.1M PBS solution while stirring.  Store at room 
temperature. 
Antibody blocking solution:  To make 100 ml, add 5 ml goat serum to 95 ml PBS-T 
solution and mix.  Store at 4oC, do not use once contaminated with microorganisms 
(this can be prevented by filter sterilisation). 

 
Equipment Setup 
CO2 Cell Culture incubator:  Adjust incubator settings to 35oC with 5% CO2 
according to manufacturers instructions.  Ensure the humidifier tray is filled with 
water to prevent evaporation of culture media. 
Laminar flow hood:  Turn on the airflow and light in the laminar flow hood, sterilise 
all surfaces by spraying with 70% ethanol – leave to air dry.  Place the 
stereomicroscope in the laminar flow hood and spray with 70% ethanol to sterilise. 

Sterilisation of dissection equipment:  Spray dissection equipment (including all 
spring scissors forceps and paintbrush) with 70% ethanol, place in laminar flow hood 
and allow to air dry.  Alternatively, autoclave all instruments.  Prepare box of cut 1 ml 
filter pipette tips by using scissors to cut the tip at approximately 15o-20o angle about 
1.2-1-5 mm from tip (this increases the cross sectional area of the pipette tip aperture 
for transfer of explants to cell culture inserts during preparation, see procedure 
below), replace in box and autoclave to re-sterilise. 
Cryostat:  Chill the cryostat chamber to approximately -16oC to -18oC, although final 
cutting temperature will depend on local conditions and equipment.  Maintain 
specimen temperature 1-2oC colder than the chamber aids sectioning.  Optimal 
cryosectioning conditions will need to be determined by the end user.  CAUTION: the 
knives used to cut sections in a cryostat are extremely sharp, users should take care to 
avoid injury; always lock the cutting mechanism and use knife guard when putting 
hands into the cryostat chamber when a knife is in place. 

 
PROCEDURE 
1. Organotypic adult retinal explant culture and maintenance.  TIMING: 45-

60 minutes per rat (i.e. pair of eyes) for tissue dissection; 20-30 minutes for 
bi-daily medium exchanges 

1.1 Prepare 24-well culture plates in the sterile laminar flow hood: use pipette gun 
to place 10-14 ml of sterile distilled water in the bottom of the plate between 
the culture wells (this prevents dehydration of explants); use a single channel 
pipette to place 300 µl of explant culture medium in each of the eight middle 
wells of the 24-well plate.  Only the middle eight wells are used to ensure 
uniform temperature and humidity across explants.  Place plate in the cell 
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culture incubator to warm and equilibrate with 5% CO2 for at least 30 minutes 
prior to beginning tissue dissection. 

1.2 Kill rat using a humane and locally approved method (e.g. exposure to rising 
CO2 and/or cervical dislocation, it is advisable to avoid methods that introduce 
extraneous drugs to the tissue) and remove eyes using the curved Westcott 
spring scissors and teethed (Bishop-Harman) forceps.  Immerse the eyes in 
dissection medium in a sterile Bijou tube and place in ice.  CRITICAL: 
cooling the tissue will slow degeneration and improve culture health.  
CRITICAL: minimise the amount of time between tissue dissection and 
explantation into complete media to maximise culture health and 
reproducibility. CAUTION: ensure all relevant local, and national, ethical and 
legal guidelines/regulations associated with the use of experimental vertebrate 
animals are followed. 

1.3 Inside the laminar flow hood and under stereomicroscope observation, tip the 
eyes into the lid of a sterile Petri dish and cover with cold dissection medium 
(Figure 1a).  Use the teethed forceps and the Vannas, or Noyes, spring scissors 
(according to preference) to trim all connective tissue (including the ocular 
muscles, conjunctiva, etc.) off the outside of each globe (Figure 1b).  
CRITICAL: all following steps must be performed in the laminar flow hood 
using good sterile technique to avoid culture contamination; always process 
both eyes in parallel to reduce variability. 

1.4 Use the teethed forceps to grasp one of the eyes near the limbus and hold the 
tips of the forceps against the bottom of the Petri dish lid to immobilise the 
eye.  Use tip of 21G needle to puncture the sclera (through to vitreous) about 
1.0-1.5 mm posterior to the limbus (i.e. slightly posterior to the globe’s 
equator or apex; Figure 1c).  Use either the Vannas or Noyes spring scissors to 
cut around the circumference of the globe, parallel to the limbus, to detach the 
anterior chamber (Figure 1d-g).  Remove the lens.  Repeat this step for the 
other eye.  ?TROUBLESHOOTING 

1.5 On the edge of one of the hemi-spheres, identify a point where the retina is 
slightly detached and use the teethed forceps to hold the edge of the sclera in a 
subretinal position without damaging the retina.  If no such point can be 
identified, use the paintbrush to carefully peel the retina away from the sclera, 
taking care to minimize damage to the neural tissue.  Carefully slide the 
paintbrush sideways under the retina to detach one side of the retina, sweeping 
the bristles in a direction perpendicular to the orientation of the brush, which 
minimizes the risk of accidentally puncturing the retina with the bristles 
(Figure 1h).  Applying constant pressure downwards towards the sclera will 
help prevent damage to the retina during this step.  Detach one-third to one-
quarter of the retina with each sweep.  Release the sclera and reposition 
forceps in order to repeat this step until the whole retina is detached.  
CRITICAL: it is important that the side of the paintbrush bristles are used to 
detach the retina; do not push the tips of the paintbrush bristles straight under 
the retina as this will perforate and damage the delicate neural retina. 

1.6 Grasp the edge of the sclera beneath the detached retina and, by applying 
pressure to the optic nerve stump with the paintbrush, invert the sclera and 
ease the detached retina forward away from the sclera (Figure 1i).  Use the 
Vannas spring scissors to cut the optic nerve beneath the retina to sever the 
retinal connection to the posterior globe – take care not to cut the retina 
(Figure 1j).  Use the Noyes spring scissors to cut the detached retina into equal 
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quadrants of a roughly triangular shape (Figure 1k-l).  TIP: keep the scissors 
flat and positioned as horizontally as possible, and use the paintbrush or sides 
of the forceps to gently push the floating retina into position over the scissors 
to cut – try to position so only a single cut is needed to cut the retina first into 
a semi-circle, and then for each semi-circle into quarters. 

1.7 Repeat Steps 1.5 and 1.6 for the other eye; generate a total of 8 explants from 
two eyes (i.e. 4 explants per eye). 

1.8 Place a cell culture insert into the Petri dish lid beneath the stereomicroscope.  
Use a sterilised, cut filter tip attached to a P1000 pipette to gently aspirate an 
explant, along with a small volume of dissection medium, into the tip and 
transfer to the cell culture insert with the retinal ganglion side facing upwards 
(photoreceptor side in contact with the organotypic filter; Figure 1m-n) – 
expel the minimum amount of medium to transfer the explant to the centre of 
the insert membrane.  CRITICAL: make sure the angled cut of the pipette tip 
provides a wide enough bore to aspirate the explant without damaging it; 
perform all tissue transfers in a fluid medium (e.g. do not lift retinal tissue 
with paintbrush out of liquid) to minimise tissue damage.  TIP: do not touch 
the sides of the cell culture insert, or expel too much dissection medium, as the 
liquid surface tension will attract the explant to the side of the plastic insert if 
wet.  The inner retinal surface can be distinguished from the outer surface as it 
possesses visible blood vessels and tends to curl inwards.  TIP: include a 
minimal amount of dissection media in the Petri dish during this step, so that 
the cell culture insert sits in direct contact with the Petri dish and is not 
floating. ?TROUBLESHOOTING 

1.9 Use a P200 pipette to withdraw the dissection medium surrounding the explant 
while keeping the explant positioned in the centre of the cell culture insert 
membrane (Figure 1n-o).  Withdraw all medium so that the explant is flattened 
onto the cell culture insert membrane.  TIP: keep the pipette tip between the 
edge of the explant and the side of the cell culture insert as the liquid is 
aspirated, and use the side of the tip/surface tension to direct the explant 
toward the centre of the cell culture insert membrane.  CRITICAL: do not 
aspirate the explant, or damage the explant with the pipette tip; it is important 
that the explant is flattened against the membrane with no/minimal folding of 
edges.  CRITICAL: The explant must be positioned in the centre of the 
organotypic filter as an off-centre position will result in pooling of culture 
media between the tissue and the insert wall, disrupting attachment of the 
tissue to the membrane.  ?TROUBLESHOOTING 

1.10 Use the Dumont #5 forceps to lift the cell culture insert out of the dissection 
medium, and repeatedly press a sheet of filter paper firmly against the bottom 
of the insert membrane to withdraw all remaining dissection medium and 
adhere the flattened explant to the insert membrane.  Place the cell culture 
insert into a well containing explant culture medium within the previously 
prepared 24-well plate (Figure 1p); note the explant is not submerged in 
medium but is instead held at the medium/air interface by the insert membrane 
(Figure 1q).  This should be accomplished in no more than 5-10 seconds.  
CRITICAL: ensure no air bubbles are trapped underneath the cell culture 
insert membrane as this will interfere with nutrient delivery to the explant. 

1.11 Repeat steps 1.8-1.10 for the other 7 explants; once all explants have been 
transferred to cell culture inserts in medium-containing wells, place the 24-
well plate in the cell culture incubator. 
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1.12 At 24 hours after plating, change culture medium in each well of the 24-well 
plate: lift the cell culture insert out of the plate using the Dumont #5 forceps, 
aspirate 150 µl of medium out of the well, discard tip, use new tip to add 
150 µl of fresh, pre-warmed medium to the well and replace the cell culture 
insert in the well.  TIP: avoid adding air bubbles to the well; always use 
medium pre-warmed to 35-37oC; explants should not be removed from media 
for more than 5-10 seconds. 

1.13 Repeat Step 1.12 every second day thereafter, to regularly refresh medium, for 
the duration of the culture.  Culture media can be kept at 4°C for 2 days, but 
should be made fresh after longer periods of time. 

1.14 At completion of experiment (length of time in culture will depend upon 
individual experimental design and measured outcome) fix explants for 
analysis according to Procedure 4 below, or process tissue for alternate desired 
analysis.  In vitro retinal explant histology is typically well-preserved for at 
least 14 days ex vivo, although this may vary between laboratories and should 
be verified by the end user.  TIP: 4-7 days ex vivo is typically most useful for 
detecting neuroprotection by applied therapies. 

 
2. Co-culture of retinal explants with dissociated cell types (e.g. stem cells).  

TIMING: cell transplantation 15-30 minutes (add approximately 10 minutes 
more for each additional plate) 

2.1 Prepare retinal explant cultures according to ‘Organotypic adult retinal explant 
culture’ procedure (above).  After Step 1.11, allow explant cultures to 
equilibrate in the cell culture incubator for 2-24 hours before transplanting 
cells onto explant surface. 

2.2 Harvest cells according to usual culture methods (these will be specific to the 
cell type used) under sterile conditions and prepare suspension of cells in 
sterile Dulbecco’s PBS at desired concentration.  We recommend 
7.5x105 cells/ml, but determining the optimal number of cells to transfer 
requires consideration of the proliferation level of the cells in co-culture. 

2.3 In a sterile laminar flow hood, use a P10 pipette to draw 2 µl of the cell 
suspension into a filter tip.  Use a small piece of paper towel to wipe down/dry 
all sides of the pipette tip.  Avoid touching the tip opening and drawing out 
any liquid/reducing volume.  TIP: a droplet volume of 3 µl, or less, is 
recommended for delivering substances to the explant surface to avoid over-
flooding of the tissue onto the membrane. 

2.4 Under microscopic observation, carefully extrude the 2 µl of cell suspension 
as a small droplet from the end of the pipette tip (Figure 2a-c).  Gently touch 
the suspended droplet to the middle of the explant surface to place the cell 
suspension on the inner retinal surface of the explant (Figure 2c-d).  
CRITICAL: do not touch the pipette tip to the surface of the explant, as this 
will damage the tissue.  ?TROUBLESHOOTING 

2.5 Replace the plate in the cell culture incubator. 
 
3. Pharmacological screening of neuroprotective drugs using retinal explants.  

TIMING: treating explants approximately 10 minutes per plate 
3.1 Prepare concentrated stock solution of pharmacological agent in appropriate 

vehicle (e.g. PBS/0.1% DMSO), dilute in explant culture medium to required 
concentration, and filter sterilise medium.  Prepare control medium by diluting 
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an equivalent volume of vehicle (without drug) in explant culture medium, and 
filter sterilise. 

3.2 When preparing culture plates, according to Step 1.1 in ‘Organotypic adult 
retinal explant culture and maintenance’ procedure (above), place 300 µl of 
control (vehicle only) medium in 4 wells, and 300 µl of experimental (drug 
containing) medium in 4 wells of each 24-well plate.  CRITICAL: to minimize 
variability between experimental groups, ensure explants from each 
experimental group are distributed evenly among separate culture plates and 
evenly between both eyes from individual animals within culture plates.  TIP: 
n=6-8 explants per experimental group is usually adequate to detect RGC 
survival differences. 

3.3 Prepare retinal explants as directed in the ‘Organotypic adult retinal explant 
culture and maintenance’ procedure (above) and, after Step 1.11, allow 
cultures to equilibrate in the cell culture incubator for 2-3 hours. 

3.4 In a sterile laminar flow hood, use a P10 pipette to draw 3 µl of the explant 
culture medium (containing either drug or vehicle as required, match to 
explant culture conditions) into a filter tip.  Use a small piece of paper towel to 
wipe down all sides of the pipette tip to dry, avoid touching the tip opening 
and drawing out any liquid/reducing volume.  TIP: a droplet volume of 3 µl, or 
less, is recommended for delivering substances to the explant surface to avoid 
over-flooding of the tissue; always use pre-warmed medium. 

3.5 Under microscopic observation, carefully extrude the 3 µl of explant culture 
medium (containing either drug or vehicle as required) as a small droplet from 
the end of the pipette tip, and gently touch the suspended droplet to the middle 
of the explant surface to place the cell suspension on the inner retinal surface 
of the explant (Figure 2a-d).  TIP: Surface delivery aids equal exposure of 
both sides of the tissue to the pharmaceutical agent.  Replace the plate in the 
cell culture incubator.  CRITICAL: do not touch the pipette tip to the surface 
of the explant; this will damage the tissue.  ?TROUBLESHOOTING 

3.6 At 24 hour intervals, repeat Steps 3.4 and 3.5 to ensure continued exposure of 
explant to pharmacological agent; continue until experiment end.  CRITICAL: 
refresh explant culture medium (use control or experimental medium in 
appropriate wells), as detailed in Steps 1.12 and 1.13 of the ‘Organotypic adult 
retinal explant culture and maintenance’ procedure (above), for the duration of 
the experiment. 

 
4. Histological preservation of retinal explants.  TIMING: approximately 

24 hours 
4.1 Pipette 400 µl/well of cold 4% PFA solution into 8-wells of a 24-well plate.  

CAUTION: 4% PFA solution is toxic, always use appropriate PPE and use in 
a fume cupboard. 

4.2 Use the Dumont #5 forceps to lift a cell culture insert out of the explant 
culture medium and transfer to a well containing 4% PFA in the new 24-well 
plate.  Slowly and gently pipette 200 µl of cold 4% PFA solution dropwise 
onto the surface of the retinal explant (i.e. inside the cell culture insert).  
CRITICAL: this step must be performed slowly and with care to prevent the 
added PFA solution dislodging the explant from the insert membrane. 

4.3 Repeat Step 4.2 until all explants are transferred to 4% PFA.  Place 4% PFA 
plate(s) in refrigerator and fix tissue overnight (18-24 hours) at 4oC. 
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4.4 Prepare to wash explants by pipetting 400 µl of 0.1M PBS solution into 8-
wells of a 24-well plate.  Use a P200 single-channel pipette to remove the 
200 µl of 4% PFA inside a cell culture insert, lift insert out of well containing 
4% PFA solution using the Dumont #5 forceps, and repeatedly press a piece of 
filter paper firmly to the bottom of the insert to absorb all remaining 4% PFA 
solution.  Place insert into a well containing 0.1M PBS solution, and slowly 
pipette 200 µl of 0.1M PBS solution dropwise onto the surface of the retinal 
explant.  Repeat for remaining explants in turn.  Tissue is ready for 
immunohistochemical analysis as required.  CAUTION: 4% PFA solution is 
toxic, always use appropriate PPE and perform this step in a fume cupboard.  
PAUSE POINT: explants can safely remain in 0.1M PBS solution at 4oC for 
several days before further processing. 

 
5. Cryostat sectioning of retinal explants and fluorescent immunohistochemical 

labelling of explant sections.  TIMING: cryoprotection and embedding 
~24 hours; cryostat each explant block approximately 40-60 minutes; 
immunohistochemistry requires 2 days. 

5.1 Prepare to cryoprotect explants by pipetting 400 µl of 30% sucrose solution 
into 8-wells of a 24-well plate.  Use a P200 single-channel pipette to remove 
the 200 µl of PBS inside a cell culture insert, lift insert out of well containing 
PBS using the Dumont #5 forceps and repeatedly press a piece of filter paper 
firmly to the bottom of the insert to absorb all remaining solution.  Place insert 
into a well containing 30% sucrose solution, and slowly pipette 200 µl of 30% 
sucrose dropwise onto the surface of the retinal explant.  Repeat for remaining 
explants in turn and incubate overnight (18-24 hours) at 4oC.  CRITICAL: the 
tissue has a tendency to float when 30% sucrose is added, this must be 
performed slowly and with care to prevent dislodging the explant from the cell 
insert membrane. 

5.2 To remove the explant from the cell culture insert, use a P200 single-channel 
pipette to remove the liquid inside an insert, lift insert out of well using the 
Dumont #5 forceps and hold a piece of filter paper firmly to the bottom of the 
insert to absorb most of the remaining solution.  Place the insert on a Petri dish 
lid under a stereomicroscope (Figure 3).  Use the ClearCut sideport knife to 
cut the insert membrane carefully along two sides of the triangular-shaped 
retinal explant, close to the tissue, and partway along the third side (Figure 3a-
e).  TIP: when cutting the second and third sides of the triangle, cut away from 
the conjoined membrane and towards the pre-existing cut edge – this will 
prevent wrinkling/folding of the membrane and overlying retinal tissue.  
Finally, use the Beaver Xstar crescent knife to cut the remaining segment of 
insert membrane to free the explant (still adherent to it’s underlying 
membrane) from the cell culture insert (users can adapt use of these knives 
according to their preference, this is simply a suggested method for cutting the 
membrane).  The explant and underlying membrane should be lying flat on the 
Petri dish lid, with the membrane in direct contact with the plastic lid 
(Figure 3f).  Discard the insert. TIP: press the crescent knife downwards, 
rather than sliding laterally, to cut any remaining tags of membrane.  
CRITICAL: take care not to damage the delicate explant tissue during this 
step. 
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5.3 Use the Dumont #5 forceps to grasp a corner of membrane next to the explant 
and fully immerse the explant in OCT at the bottom of a Peel-A-Way Mould 
(Figure 3g-h).  Ensure the explant is positioned vertically, with respect to the 
cutting face, and place the mould on dry ice to freeze.  Repeat Steps 5.2 and 
5.3 until all explants are embedded.  CRITICAL: do not touch the tissue 
during this process as this may damage it.  TIP: mark/record orientation of 
explant within the block to enable correct positioning in cryostat for 
sectioning.  PAUSE POINT: once frozen, blocks can be used immediately or 
stored at -20oC to -80oC until needed. 

5.4 In cryostat chamber, pop frozen OCT block out of mould and attach to a 
cryostat chuck using a drop of liquid OCT – wait for OCT to freeze.  Position 
block in the specimen holder so that the explant sections may be cut vertically 
(i.e. orientation of the blade perpendicular to the orientation of the retina 
within the block).  TIP: cutting sections vertically minimizes detachment of 
tissue from underlying membrane. 

5.5 Cut sections of desired thickness (e.g. 10-14 µm thick) and attach directly to 
Superfrost Plus microscope slides.  TIP: distribute sections across a series of 
approximately 10-slides per block so each slide contains a sample of sections 
from throughout the entire explant.  Repeat for remaining blocks and allow 
slides to air-dry before using.  PAUSE POINT: slides may be used 
immediately or stored at -20oC to -80oC until needed. 

5.6 Retrieve a single slide from storage for each explant to be analysed, allow to 
thaw and air dry.  Draw a line around the sections on each slide using the 
ImmEdge (wax) pen and allow wax to dry.  Place slides in a coplin jar, or 
similar, cover with 0.1M PBS, and wash with gentle shaking for 15-
30 minutes.  Remove slides from PBS, tap off excess PBS, lay slides in a 
humidified chamber and gently pipette approximately 200 µl antibody 
blocking solution into the wax-encircled area on each slide to cover sections 
fully – cover chamber and incubate at room temperature for 60 minutes. 

5.7 Tip blocking solution off slide, blot side of slide with paper to remove excess, 
lay slides in humidified chamber, and gently pipette approximately 200 µl 
antibody blocking solution containing primary antibody/antibodies diluted to 
appropriate concentration(s).  Cover and incubate overnight (~18 hours) at 
room temperature.  CRITICAL: do not allow solution to dry onto slides as this 
will cause non-specific antibody binding to tissue.  CAUTION: check product 
information sheet to determine appropriate dilution for each antibody 
used.  ?TROUBLESHOOTING 

5.8 Tip antibody solution off slides and immerse in 0.1M PBS, wash with gentle 
shaking for 20 minutes.  Repeat this 20 minute wash twice more with fresh 
PBS. 

5.9 Remove slides from PBS, tap off excess PBS, lay slides in a humidified 
chamber, and gently pipette approximately 200 µl antibody blocking solution 
containing appropriate fluorescent secondary antibody/antibodies diluted to 
appropriate concentration(s) onto each slide covering sections, DAPI may also 
be included as a counterstain at this step.  Cover, protected from light, and 
incubate for 3 hours at room temperature.  CRITICAL: do not allow solution 
to dry onto slides as this will cause non-specific antibody binding to tissue; 
protect from light to prevent bleaching.  CAUTION: check product 
information sheet to determine appropriate dilution for each antibody 
used.  ?TROUBLESHOOTING 
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5.10 Repeat Step 5.8 to wash slides.  Remove slides in turn from PBS, tap off 
excess liquid, put 3-4 drops of FluorSave reagent onto the sections and gently 
lower glass coverslip.  Allow FluorSave reagent to dry at room temperature; 
once dry, store at 4oC.  Image using a microscope as needed, for example 
RGC quantification, analysis of transplanted cell integration and/or 
differentiation, or glial reactivity.  Examples of transverse explant sections 
immunohistochemically labelled for various retinal cell markers can be seen in 
Figure 4d-f. 

 
6. Fluorescent immunohistochemical labelling of whole-mount explants.  

TIMING: approximately 3 days 
6.1 Remove explant(s) from cell culture insert(s) as per Step 5.2 of ‘Cryostat 

sectioning of retinal explants and fluorescent immunohistochemical labelling 
of explant sections’ procedure (above, Figure 3a-f).  Place each whole-mount 
explant (still attached to underlying membrane, do not detach from membrane) 
in the bottom of a well in a 24-well plate and gently cover with 300-500 µl 
antibody blocking solution.  Incubate with very gentle shaking for 1-2 hours at 
room temperature.  TIP: place explant in dry well, add solution on top of tissue 
to prevent floating. 

6.2 Remove blocking solution from each well and replace with 300-500 µl fresh 
antibody blocking solution containing primary antibody/antibodies diluted to 
appropriate concentration(s).  Cover and incubate for 20-24 hours at 4oC with 
very gentle shaking.  CRITICAL: do not allow solution to evaporate, as this 
will cause non-specific antibody binding to tissue.  CAUTION: check product 
information sheet to determine appropriate dilution for each antibody 
used.  ?TROUBLESHOOTING 

6.3 Remove solution, replace with 1 ml 0.1M PBS in each well, and wash with 
very gentle shaking for 30-45 minutes at room temperature.  Repeat twice, 
with fresh PBS, and very gentle shaking. 

6.4 Remove PBS, replace with 300-500 µl fresh antibody blocking solution 
containing secondary antibody/antibodies diluted to appropriate 
concentration(s).  Cover, protect from light, and incubate for 20-24 hours at 
4oC with gentle shaking.  CRITICAL: do not allow solution to evaporate, as 
this will cause non-specific antibody binding to tissue; protect from light to 
prevent bleaching.  CAUTION: check product information sheet to determine 
appropriate dilution for each antibody used.  ?TROUBLESHOOTING 

6.5 Repeat Step 6.3 to wash explants.  Then, use the Dumont #5 forceps to lift 
each explant out of PBS, in turn, and place flat (membrane-side against the 
glass) onto a microscope slide; up to 4 explants will typically fit on a single 
slide.  Use a small piece of filter paper to absorb any remaining PBS from the 
explant edges, place a drop of FluorSave reagent on each explant, and then 
carefully coverslip.  CRITICAL: do not touch filter paper directly to explant 
tissue.  Allow FluorSave reagent to dry at room temperature; once dry, store at 
4oC.  Image using a microscope as needed, for example RGC quantification.  
An example of whole-mounted retinal explant immunohistochemical labelling 
of the RGC marker βIII tubulin, which labels both cell bodies and processes, 
can be seen in Figure 4g-h. 
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TIMING 
Timing will vary depending on how many explants are used for the experiment.  
Timing information given here corresponds to an experiment consisting of 16 
explants (i.e. 2 culture plates), as an example. 

Step 1.1 Preparation of retinal explant culture medium and culture plates: 30-
45 minutes 

Steps 1.3 to 1.11 Generation of organotypic adult retinal explant culture: 2-2.5 hours 
to make 16 explants (tissue from 2 rats) distributed across 2 culture plates 

Step 1.12 Refreshing explant culture medium: 20-30 minutes per day (performed bi-
daily) 

Steps 2.3 to 2.5 Transplantation of dissociated cell types (e.g. stem cells) onto explant 
surface: 30-40 minutes, preparation of dissociated cells prior to transplantation will 
depend upon protocols specific to individual cell types 
Steps 3.4 to 3.5 Application of pharmacological agents to retinal explant surface: 15-
20 minutes per day (performed daily) 
Steps 4.1 to 4.3 4% PFA fixation of retinal explants: transfer to 4% PFA 15-
20 minutes, fixation overnight 18-24 hours 
Steps 4.4 Transfer of explants to PBS wash: 20-30 minutes 

Step 5.1 Cryopreservation of explants: transfer to 30% sucrose 20-30 minutes, 
sucrose infiltration overnight 18-24 hours 

Steps 5.2 to 5.3 Embedding explants in OCT for cryosectioning: 2-2.5 hours 
Steps 5.4 to 5.5 Cryo-sectioning explant blocks: each block approximately 45 
minutes, 16 blocks approximately 12 hours  
Steps 5.6 to 5.10 Fluorescent immunohistochemical labelling of explant sections: 
approximately 2 days (one overnight incubation step) 
Steps 6.1 to 6.5 Fluorescent immunohistochemical labelling of whole-mount 
explants: approximately 3 days (two overnight incubation steps) 
 
?TROUBLESHOOTING 
Troubleshooting advice can be found in Table 1. 
 
ANTICIPATED RESULTS 
Procedure 1, ‘Organotypic adult retinal explant culture and maintenance’, will 
generate 8 roughly equal-sized, triangular-shaped retinal explants from the 2 eyes 
obtained from a single rat (Figure 1p).  As reported previously, explants cultured 
under these conditions maintain good retinal morphology and viability for at least 
17 days in vitro25, 26.  Furthermore, as retinal ganglion cells (RGCs) are axotomised 
during explant preparation they slowly degenerate over time in vitro, thereby 
providing an ex vivo model of in situ RGC degeneration.  Quantification of RGC 
degeneration, using immunohistochemical techniques, has demonstrated that RGCs 
slowly die over a period of 7 days ex vivo, after which cell death plateaus 
(Figure 4a).25  Together, these characteristics make this platform useful for a wide 
variety of applications, for example studies of neuroprotection by experimental drugs 
or treatments,25 and investigations into stem cell integration and differentiation.27 
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Included in this protocol paper are specific methods for modifying the basic explant 
culture procedure for neuroprotection (Procedure 3) and stem cell co-culture 
(Procedure 2) applications.  We have recently applied this platform to investigate 
RGC protection by both stem cell co-culture and application of pharmaceutical 
agents.25  Immunohistochemical techniques to quantify surviving RGCs in transverse 
retinal explant sections at both 4 days ex vivo (DEV) and 7DEV in order to identify an 
optimal time point for analysis (4DEV proved more sensitive for detecting 
neuroprotection in this study).  Quantification of surviving cells in the ganglion cell 
layer was performed using two RGC protein markers, Islet-1 and NeuN, and also 
DAPI-staining of all nuclei.  In this study we tested various neuroprotective strategies, 
for example both co-culture of mesenchymal stem cells (MSCs) with retinal explants 
(Figure 4b and 4d) and explant treatment with a caspase inhibitor (Figure 4c) were 
found to protect RGCs.  Images of explants co-cultured with MSCs on the inner 
retinal surface can be seen in Figure 4d-f. 
 
Histological and immunohistochemical readout of results from this system (e.g. RGC 
survival, morphology, protein marker expression) are the most common analysis 
applied, and these procedures are included here (Procedures 4-6), however molecular 
techniques could also potentially be used according to user requirement.  As discussed 
above, immunohistochemical analysis can be applied to either transverse explant 
sections or whole-mounted explants.  Both approaches have advantages and 
disadvantages, as discussed above in the Introduction, and the chosen route of 
analysis will depend upon individual experimental requirements.  Some examples of 
immunohistochemical labelling in transverse retinal explant sections (Figure 4d-f) and 
whole-mounted tissue (Figure 4g-h) are shown to illustrate expected outcomes from 
these procedures. 
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Table 1  Troubleshooting table 
Step Problem Possible reason Solution 

1.4 Variation in quality of 
explants derived from 
the 1st and 2nd eyes 

Eyes dissected 
sequentially, difference 
in time post mortem 
causes variation in 
tissue viability 

Process both eyes from 
each animal in parallel 
to equalise preparation 
time to culture 

1.8 Retina incorrect side up Did not aspirate with 
correct side up/retina 
flipped when transferred 

Use paintbrush to gently 
turn the retina over, 
addition of extra 
medium may help 

1.9 Liquid surface tension 
drawing the explant to 
edge of meniscus and up 
side of insert 

Inner wall of insert wet Reduce volume of liquid 
expelled when 
transferring explant to 
insert, keep sides dry 

1.9 Explant not centred on 
insert membrane 

Liquid surface tension 
drawing explant to 
membrane edge 

Withdraw most (but not 
all) liquid then use 
paintbrush to push 
explant to membrane 
centre before 
withdrawing remaining 
liquid 

1.9 Edges of explant folded 
over, explant not flat 

Circumferential incision 
around the globe 
anterior of equator/apex 
(too close to limbus) at 
Step 1.4 

Use liquid surface 
tension when aspirating 
or paintbrush to gently 
unfold, minimise tissue 
manipulation; position 
circumferential incision 
further posterior to the 
limbus 

2.4, 
3.5 

Liquid not forming 
suspended drop when 
expelled; liquid running 
up side of tip 

Side of pipette tip wet Ensure sides of tip are 
completely dry before 
expelling liquid to be 
transferred 

5.7, 
5.9, 
6.2, 
6.4 

High background after 
immunohistochemical 
labelling 

Non-specific binding of 
antibody/antibodies to 
tissue 

Reduce antibody 
incubation temperature 
to 4oC; lengthen PBS 
washing, ensure gentle 
shaking during all 
washing; check 
antibody concentration 
used, reduce antibody 
concentration 
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Figure 1  Retinal dissection and explant culture (Steps 1.3-1.10).  (a)  Place 
enucleated eyeball in Petrie dish lid under stereomicroscope.  (b) Use forceps 
to immobilise the globe while trimming extraocular tissue with spring scissors.  
(c) Use forceps to immobilise the globe, then puncture the sclera 1.0-1.5 mm 
posterior to the limbus using a 21G needle (dotted line delineates the limbus).  
(d) Insert one side of the spring scissors (either Vannas or Noyes) into the hole 
created by the needle.  (e) Cut around the circumference of the globe, parallel 
to the limbus (marked with dotted line), to separate the anterior (contains lens) 
and posterior (contains retina) segments (f-g).  (h) Detach the retina from the 
underlying retinal pigmented epithelium by sliding the paintbrush sideways 
between the retina and sclera, sweeping under the retina in an orientation 
perpendicular to the bristles (arrow).  (i) Invert the sclera by applying pressure 
to the optic nerve stump with the paintbrush and simultaneously pulling the 
peripheral sclera towards the posterior with forceps.  (j) Use Vannas scissors to 
cut the optic nerve and separate the retina from the sclera.  (k) Use Noyes 
scissors to cut the retina into hemispheres, stabilise the retina gently with the 
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paintbrush.  (l) Use the Noyes scissors to cut each retinal hemisphere into 
retinal quarters.  (m-n) Using a sterile cut P1000 pipette tip, transfer one retinal 
quarter with dissection media into the centre of a cell culture insert.  (n-o) 
Withdraw excess dissection media from the cell culture insert using a P200 
pipette, while simultaneously positioning the retinal explant retinal ganglion 
cell side up and in the centre of the insert membrane.  (p) Place the cell culture 
insert with retinal explant into explant culture medium in a 24-well plate.  (q) 
A schematic showing the physical arrangement of culture plate, explant culture 
medium, cell culture insert, and retinal explant in culture conditions.  
Abbreviations: C = cornea, F = forceps, N = needle, S = spring scissors (either 
Vannas or Noyes, personal preference), L = lens, R = retina, P = paintbrush, 
Sv = Vannas spring scissors, Sn = Noyes spring scissors, P-200 = 200 µl 
pipette, dotted line delineates limbus in a, c, d, e, f. 

 
 
 
 
 
 
 
 

 
Figure 2  Placement of a fluid drop onto a retinal explant for cell 
transplantation or drug delivery (Step 2.4 or 3.5).  (a) Visualize a single retinal 
explant within a cell culture insert in complete culture medium within a 24-
well plate under the stereomicroscope.  (b) Use a P10 pipette to draw 2-3 µL of 
desired fluid mixture (containing cells, bioactive factors, or other substances as 
needed) into the pipette tip.  Wipe down the outside of the pipette tip with 
paper towel to remove excess fluid.  (c) Carefully extrude the 2-3 µL of liquid 
as a small droplet from the end of the pipette tip.  (c-d) Without touching the 
retinal explant tissue with the pipette tip, carefully lower the droplet toward the 
tissue until surface tension transfers the fluid onto the retinal surface.  (d) A 
retinal explant with a 2-3 µL droplet on the surface is shown. 
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Figure 3  Removal of retinal explant and underlying membrane from cell culture 
insert for histological processing (Steps 5.2-5.3).  (a) Remove a cell culture insert, 
containing an explant, from the 24-well plate and place on a Petri dish lid under 
the stereomicroscope.  (a-b) Use the ClearCut sideport knife (K) to cut the 
membrane in a straight line parallel to one side of the retinal explant (cut #1, solid 
yellow line).  (c) Rotate the entire Petri dish by approximately 120°.  (c-d) Use the 
knife to cut the membrane in a second line parallel to the retinal explant, joining 
up with the 1st cut (cut #2, solid yellow line; cut #1, dotted yellow line).  This cut 
should be directed towards (not away from) the first cut in the direction of the 
arrow.  (e) Rotate the entire Petri dish by approximately 120°.  (e-f) Use the knife 
to make a third cut in the membrane parallel to the retinal explant, starting from 
next to (not yet joining) the 1st cut and joining up with the 2nd cut (cut #3, solid 
yellow line; cuts #2 and #1, dotted yellow line).  This cut should be directed 
towards (not away from) the second cut in the direction of the arrow.  It is 
important to leave the membrane connected to the plastic culture insert while 
making cut #3.  The final piece of intact membrane, between cuts #1 and #3, 
should be cut using the Beaver Xstar crescent knife.  This will result in 
complete excision of the membrane from the insert (as depicted in panel f).  (g) 
Use forceps (F) to transfer the membrane and attached explant to the bottom of a 
Peel-A-Way Mould filled with OCT.  (h) Position the explant vertically in the 
mould in preparation for freezing and cryosectioning. 
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Figure 4  Anticipated results.  (a) Quantification of RGC survival in retinal 
explant cultures can be analysed using immunohistochemical techniques.  In 
this example, immunohistochemical labelling of two RGC protein markers 
(Islet-1 and NeuN), combined with DAPI staining of nuclei, was used to 
count the number of surviving cells in the retinal ganglion cell layer (RGCL) 
of transverse explant sections that had been maintained in vitro for varying 
lengths of time (days ex vivo).  Quantification of RGC survival demonstrated 
that RGCs progressively degenerated over time ex vivo, with active cell death 
occurring for approximately 7DEV, after which cell loss slowed.  Data 
reproduced with permission from Invest Ophthalmol Vis Sci.25  (b-c) We 
have used retinal explants, combined with immunohistochemical analysis as 
in (a), to study novel RGC neuroprotective therapies.  As examples, both co-
culture of mesenchymal stem cells (MSCs; b) with explants and explant 
treatment with a caspase inhibitor (c) were found to increase RGC survival as 
assessed by Islet-1, NeuN and DAPI labelling, compared to untreated vehicle 
controls (unpaired Students t-test, values are mean±SEM, * = p<0.05, 
** = p<0.01).  Data reproduced with permission from Invest Ophthalmol Vis 
Sci.25  (d-f) Examples of transverse sections of retinal explant co-cultured 
with MSCs (green d-f) immunolabelled for various retinal cell markers.  (d) 
In this image, reactive Müller cells are immunolabelled for GFAP (red) and 
nestin expression (blue).  MSCs (green) were transplanted onto the inner 
retinal surface.  (e) Here, sections are labelled for the RGC marker Islet-1 
(red) and Müller cell marker GFAP (blue).  (f) Immunohistochemical 
labelling of two RGC markers, NeuN (nuclear; red) and βIII tubulin 
(cytoplasm; blue).  Use of immunohistochemical labelling in whole-mounted 
retinal explants can allow visualisation of RGC cell bodies and processes (g-
h).  In this example, we labelled whole-mounted explants for βIII tubulin 
(cytoplasmic RGC marker) expression to investigate RGC morphology and 
degeneration in explants cultured at atmospheric (g) and low (h) oxygen 
tension.  Microscopic comparison of RGC morphology in these explants 
demonstrated that maintenance of retinal explants at low (3%) oxygen tension 
accelerated RGC degeneration.  Specifically, the number of cell bodies 
(arrows) was greatly reduced and axonal morphology was grossly altered 
(arrow heads), with discontinuities and swellings observed, in explants 
cultured at 3% O2 (h) compared to normal conditions (g).  Abbreviations: 
GCL = ganglion cell layer, INL = inner nuclear layer, ONL = outer nuclear 
layer. 

 


