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Purpose: Retina and retinal pigment epithelium (RPE) wholemounts are important
models for studying the pathophysiology of retinal-related ophthalmic diseases, such
as age-related macular degeneration and diabetic retinopathy. Currently, there is no
method available for simultaneously obtaining retina and RPE wholemounts. The aim
of this study is to develop a simple, rapid, and effective technique for the simultaneous
isolation of mouse retina and RPE wholemounts.

Methods: We developed a novel, streamlined procedure for the efficient isola-
tion of intact retina and RPE wholemounts from mouse eyes. The method involves
minimal dissection and uses basic laboratory equipment, allowing the entire process
to be completed in approximately 2 to 5 minutes per sample. The study also
explores the impact of different fixation times on the structural integrity and quality
of both retina and RPE wholemounts (3 hours in 4% paraformaldehyde [PFA],
30 minutes < 1 × phosphate-buffered saline [PBS] < 3 hours).

Results: The newmethod consistently yields high-quality, intact retina and RPE whole-
mounts, with excellent structural integrity suitable for downstream imaging andmolec-
ular analyses. The technique significantly reduces preparation time. Optimal fixation
conditions were identified, with 3 hours of fixation in 4% PFA and PBS incubation times
between 30minutes and 3 hours yielding the best results. The approach showed higher
tissue integrity (80% vs. 45%) and improved staining quality of photoreceptor and
ganglion cells. Additionally, the method is highly reproducible and effective for whole-
mount preparations from both young and older mice (6 and 12 months).

Conclusions: This study presents a significant advancement in the preparation of retina
and RPE wholemounts. The simplicity, speed, and preservation of tissue integrity of the
newmethodmake it a valuable tool for ophthalmic disease research. Its potential appli-
cations include drug screening, gene therapy, and diseasemodeling, offering significant
advantages in time efficiency, reproducibility, and the quality ofmorphological analysis.

Copyright 2025 The Authors
tvst.arvojournals.org | ISSN: 2164-2591 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

mailto:jinghu&#x005F;somed@uestc.edu.cn
mailto:wufuhua20160902@qq.com
mailto:ruipeng1215@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


Simultaneous Isolation of Retina and RPE TVST | May 2025 | Vol. 14 | No. 5 | Article 14 | 2

Citation: Yang J, Wu H, Li Q, Guo J,
Yao J, Pan S, Wu X, Huang H, Chen R,
Chen J, Wang Y, Peng Y, Wu F, Hu J. A
simple and rapid method for
simultaneous isolation of mouse
retina and RPE wholemounts. Transl
Vis Sci Technol. 2025;14(5):14,
https://doi.org/10.1167/tvst.14.5.14

Introduction

Ophthalmic diseases remain a leading cause of
blindness globally, affecting millions of individuals.1
The retina and retinal pigment epithelium (RPE)
are key tissues involved in visual function and are
central to the pathology of many ocular diseases.1–4
The retina processes visual information by converting
light into neural signals that are transmitted to the
brain, whereas the RPE supports retinal function by
maintaining photoreceptor health, absorbing scattered
light, metabolizing waste, and participating in the
visual cycle.2,3 Recent studies have highlighted the
critical role of retina-RPE interactions in the devel-
opment and progression of diseases, such as age-
related macular degeneration (AMD) and diabetic
retinopathy.4

Retina wholemounts offer significant advantages
over tissue sections, as they preserve the overall archi-
tecture of the retina, allowing researchers to observe
structural and functional changes across different
layers.5,6 However, current techniques are inadequate
for simultaneously isolating intact retina and RPE
wholemounts, limiting our ability to study their inter-
actions in disease models.7

This study aims to address this limitation by devel-
oping a rapid and straightforward method for simul-
taneously isolating retina and RPE wholemounts. Our
technique reduces processing time, enhances tissue
integrity, and is applicable in various research contexts,
including disease modeling, drug screening, and gene
therapy.8

Materials and Methods

The traditional method was performed as previ-
ously described.5–8 Below is an introduction to the
technique for the simultaneous isolation of mouse
retina and RPE wholemounts.

The animal procedures were approved by the Insti-
tutional Animal Care andUse Committee (IACUC) of
Sichuan Provincial People’s Hospital and followed the

guidelines of the Association for Research in Vision
and Ophthalmology (ARVO) for the use of animals in
research. C57BL/6J male mice (2, 6, and 12 months
old) were used in this study. The overall procedure is
illustrated in Figures 1 and 2. Details of the reagents
and equipment used are provided in Tables 1, 2, and 3.

Healthy adult C57BL/6 J mice (8–16 weeks old,
20–30 g) were obtained from GemPharmatech LLC
(Nanjing, China). The mice were confirmed to be
in good health on the day of the experiment.
Surgical instruments, including ophthalmic scissors,
forceps, and eyeball tweezers, were sterilized. A
4% paraformaldehyde (PFA) fixative (Sigma-Aldrich,
158127) was prepared for tissue fixation. Mice were
euthanized by intraperitoneal injection of ketamine
(100 mg/kg) and xylazine (10 mg/kg) in a well-
ventilated area, using gloves to ensure sterility and
safety.9

After anesthetizing the mouse, they were placed in
a supine position and securely held by hand. Using
Vannas scissors (RWD, S11036-08), they were gently
inserted along the fascia plane between the eyeball and
the orbit, and gradually severed the fascia attachments
around the eyeball, allowing the eyeball to gradually
detach. Next, we slid the scissors to the posterior pole
of the eyeball and severed the optic nerve fibers and
posterior scleral fascia to completely extract the eyeball
without the need for orbital dissection (see Fig. 1A).
The excised eyeballs were immediately placed in pre-
chilled 4% PFA fixative at 4°C to preserve cellular
structures, with care taken to avoid over- or under-
fixation (see Fig. 1B). After fixation, the eyeballs were
gently rinsed with sterile phosphate-buffered saline
(PBS; Gibco, 10010023).

On a sterile surface, a small hole was made
at the corneoscleral junction using a 30 G needle
(see Fig. 1D). The tips of the ophthalmic scissors
were inserted through the hole, followed by the careful
removal of the cornea and the gentle extraction of
the lens with forceps (see Figs. 1C–F). The cornea-
and lens-removed eyeball was placed under a dissect-
ing microscope, and ophthalmic microsurgical scissors
were used to divide the eyeball into four quadrants,
cutting to approximately two-thirds depth toward the
optic nerve head (see Figs. 1G–J). Consistency in
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Figure 1. Flowchart for the preparation of retina and RPE wholemounts. (A) Following euthanasia, the mouse eyeball is carefully
excised using ophthalmic scissors. (B) The eyeball is placed in 4% PFA fixative at 4°C for 20 to 30 minutes. (C) The eyeball is held in place
by grasping its edge with ophthalmic forceps. (D) A small hole is made in the cornea using a 30 G needle. (E) The tips of the ophthalmic
scissors are inserted through the hole, and the cornea is carefully removed. (F) The lens is gently extracted using hooked forceps. (G) The
remaining eyeball is carefully placed under a dissecting microscope, with the eyecup facing upward. (H–J) The eyeball is evenly divided
into four quadrants using ophthalmic scissors, ensuring that the cutting depth is approximately two-thirds from the edge toward the optic
nerve head. (K) The retina and RPE layers are carefully separated along themargins using forceps or a brush. (L) The retina and RPE are gently
flattened onto a glass slide, and excess tissue is carefully removed with a brush.

quadrant thickness facilitated the subsequent separa-
tion of the retina and RPE layers. The eyeball was
positioned sclera-down under a microscope, and fine
forceps were used to gently separate the retina from the
RPE layer starting at the scleral margin, ensuring high-
quality, intact wholemounts (see Fig. 1K). Throughout
the procedure, the eyeball is kept moist with PBS but is
not submerged. No supporting materials are required.

The video demonstrates the entire process of the opera-
tion (Supplementary Video S1).

The separated retina and RPE wholemounts were
gently placed on a glass slide using a fine brush. Subse-
quently, they were gently rinsed with PBS, and any
residual tissue debris was carefully removed using the
brush (see Fig. 1L). The wholemounts were then placed
in 4% PFA fixative and stored at 4°C until further
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Figure 2. Flowchart for immunostaining retina and RPEwholemounts. (A) The immunostaining process is carried out in a 2mL round-
bottom EP tube, which serves as the staining container for all steps. (B) After staining, the RPE wholemount is carefully placed onto a glass
slide,mountedwithmountingmedium, and observed under amicroscope. (C) After staining, the retinawholemount is carefully placed onto
a glass slide, mounted with mounting medium, and observed under a microscope.

Table 1. Reagents Used in the Experiment

Material Name Brand/Supplier Catalog Number

PFA Sigma-Aldrich 158127
PBS Gibco 10010023
NDS Sigma-Aldrich 12352203

processing. If staining was not performed immediately,
the specimens could be placed in ice-cold methanol
and stored at –20°C. For immunofluorescence staining
(see Fig. 2), samples were incubated with 5% donkey
serum (NDS, Sigma-Aldrich, 12352203) for 30 minutes
to 1 hour to block non-specific binding sites. Primary
antibodies such as anti-S-opsin (Abcam, ab235274),
Brn3a (Abcam, ab245230), and DAPI (Invitrogen,
D21490) were incubated overnight at 4°C. After
washing three times with PBS, fluorescent secondary
antibodies (e.g. Alexa Fluor 488, Thermo Fisher, A-
11008) were applied and incubated at room tempera-
ture for 1 to 2 hours. Samples were then washed again
with PBS, and if nuclear staining was required, DAPI
(Thermo Fisher, D 62248) was used. The retina or
RPE was flattened on a slide under a dissecting micro-
scope, amountingmediumwas applied, and a coverslip
was placed over the sample. Imaging was performed
using a fluorescence or confocal microscope, with
imaging settings optimized for each specific antibody
used.

Table 3. Staining and Microscopic Observation
Materials

Material Name Brand/Supplier Catalog Number

Anti-S-Opsin Abcam ab235274
Alexa Fluor 594 Thermo Fisher A-11012
Alexa Fluor 488 Thermo Fisher A-11008
DAPI Thermo Fisher 62248
BRN3A Abcam ab245230
Anti-F-Actin Invitrogen MA1-80729
PNA Invitrogen L32459

Results

Effect of Fixation Time on Retinal Whole
Mount Quality

In this study, we developed an efficient method
for simultaneously obtaining wholemounts of mouse
retina andRPE. In 82% of the experiments, we success-
fully isolated and fixed mouse retina and RPE whole-
mounts, which demonstrated good structural integrity,
making them suitable for immunohistochemical stain-
ing and subsequent microscopic imaging.

To optimize the retinal fixation and processing steps,
we explored the effect of different fixation times on

Table 2. Experimental Instruments and Consumables

Material Name Brand/Supplier Catalog Number

Sterile ophthalmic scissors RWD (VANNAS/Spring Scissors/Straight/Fanned/Tapered, 8 cm) S11036-08
Sterile tweezers RWD (Fine Forceps /Straight, Tip 0.05 × 0.01 mm, 11 cm) F11020-11
Centrifuge tubes Thermo Fisher 90410
Microscope slides CITOTEST 80302-0001
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Figure 3. Impact of fixation time on retina whole mount quality. (A) Schematic representation of the effect of fixation time on retinal
whole mount quality. (B–D) Retinal wholemounts labeled with S-opsin and Brn3a, showing the effects of different fixation times.

the quality of retinal wholemounts. Specifically, we
compared fixation times in 4%PFA (30minutes, 1 hour,
2 hours, and 3 hours) with different incubation times
in 1× PBS (30 minutes, 1 hour, 2 hours, 3 hours, and
4 hours) to assess their impact on retinal integrity and
morphology. Ten retinas were used for each group.

The results showed that both fixation time and
PBS incubation time were critical for the quality of
retinal wholemounts. When retinas were fixed in 4%
PFA for 30 minutes, we designed PBS incubation times
of 30 minutes and 1 hour. The results showed that
when the PBS incubation time was within 30 minutes,
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Figure 4. Comparison between the new and traditional methods. (A) Graph illustrating the time required to strip the retinas using
bothmethods. (B) Representative images showing differences in retinal integrity (bad versus good). (C) Graph showing retinal integrity after
processingwith eachmethod. (D) Representative images showing themorphological scoring differences of photoreceptor cell staining (bad
versus good). (E) Graph depicting morphological scoring of photoreceptor cell staining for both methods. (F) Schematic representation of
the optimal fixation time for achieving high-quality retinal whole mounts.

the retinal integrity was good; however, PBS incuba-
tion times longer than 30 minutes made the retina
too soft, leading to breakage. When the fixation time
was 1 hour, we designed PBS incubation times of
30 minutes, 1 hour, and 2 hours. The results showed
that when PBS incubation times were between 30 and
60 minutes, retinal integrity was optimal; longer than
60 minutes caused the retina to become fragile. For
fixation times of 2 hours, PBS incubation times of
30 minutes, 1 hour, 2 hours, and 3 hours were tested.
The results showed that PBS incubation times within
the range of 30 minutes to 2 hours preserved retinal
integrity, whereas PBS incubation times longer than
2 hours resulted in breakage. For a fixation time of

3 hours, we tested PBS incubation times of 30 minutes,
1 hour, 2 hours, 3 hours, and 4 hours. The results
showed that PBS incubation times within the range
of 30 minutes to 3 hours maintained retinal integrity,
whereas times longer than 3 hours caused the retina to
break apart (Fig. 3A).

We used S-OPSIN antibody to label cone photore-
ceptors10 and BRN3A antibody to label retinal
ganglion cells for immunohistochemical staining.8 The
effect of different fixation and PBS incubation times
on the staining results was observed. For the retinas
of adult mice, the distribution of cone photoreceptors
was highly uneven, with about one-third of the retina
almost devoid of cone photoreceptors (Figs. 3B, 3C).
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Figure 5. RPE wholemount labeled with F-Actin. Left: F-Actin
(red) and DAPI (blue) labeling of the RPE. Arrows indicate areas of
strong F-Actin signal. Scalebar= 10 μm. Right: Enlarged image of the
corresponding area, showing detailed F-Actin (red) and DAPI (blue)
labeling, with focus on actin filaments. Scale bar= 10 μm.Arrowhead
annotation features are associated with increased scores.

Based on this, it is challenging to fully assess the
pathophysiological state of the retina using sectioning
methods, which may even lead to erroneous conclu-
sions.

Through S-OPSIN antibody labeling, the results
indicated that fixation for 3 hours with PBS incuba-
tion times greater than 30 minutes but less than 3 hours
provided the best staining of cone photoreceptors. The
cell morphology was more complete, and the periph-
eral morphology was smoother (see Figs. 3B, 3C).
Similarly, retinal ganglion cell staining results showed
that fixation for 3 hours with PBS incubation times
greater than 30minutes but less than 3 hours resulted in
stronger staining intensity, lower background staining,
and smoother nuclear morphology (Fig. 3D). At the
same time, the fixation time may need to be appropri-
ately adjusted based on different genetic backgrounds
and/or experimental methods, in order to ensure the
reliability and consistency of the experimental results.

Comparison of NewMethodWith Traditional
Method

We further compared the application of the new
method with the traditional method in retinal whole-
mount preparations. First, the time spent by the
three operators using the standard method showed no
statistical differences, indicating consistency in their
operational skills when using the standard method.
Similarly, the time spent using the new method also
showed no statistical differences, further indicating
consistency among the operators within each method.
Subsequently, each operator performed the experi-
ment using both the standard and new methods, and
the results of the two methods were compared and

analyzed. The timing was carried out by an indepen-
dent third-party person to ensure fairness and accuracy
in the timing. Throughout the entire experiment,
all procedures were performed blindly to ensure the
objectivity and accuracy of the data. The traditional
method takes approximately 12 minutes to complete
the process from fixed eyeball to unstained retinal
wholemounts,6,11–13 whereas the new method only
takes 2 minutes (Fig. 4A). Assessment of wholemount
integrity showed that the new method (80%) was
significantly superior to the traditional method (45%).
Particularly, when the retina was fixed in 4% PFA for
3 hours and incubated in PBS for more than 30minutes
but less than 3 hours, the integrity of the result-
ing retina was the highest, averaging 82% (Figs. 4B,
4C).

Additionally, we compared the integrity of photore-
ceptor cell morphology based on different fixation
times. The results showed that for a fixation time of
3 hours, when the PBS incubation time was greater
than 30 minutes but less than 3 hours, the morphol-
ogy of photoreceptor cell staining was improved, with
smoother peripheral morphology (Figs. 4D–F).

These results indicate that the new method signifi-
cantly reduces the processing time and improves both
the retinal wholemount integrity and the quality of
subsequent staining.

Evaluation of RPEWhole Mount Quality

For the simultaneously obtained RPE whole-
mounts, we used F-actin to label the cell membranes
and DAPI to stain the nuclei. The results showed that
F-actin labeling provided clear and intact RPE cell
membrane morphology, allowing accurate differentia-
tion of RPE cell shape, size, and structural integrity.
This labeling is useful for evaluating the structure and
function of the RPE. DAPI staining also demonstrated
a good signal-to-noise ratio, enabling precise quantifi-
cation of DAPI-positive cells in each RPE cell, which
facilitates the assessment of RPE results and function-
ality (Fig. 5).

Application of Retinal Whole Mounts in Mice
of Different Ages

We also conducted experiments on older mice
(6 months and 12 months). Because photoreceptor
cells are more difficult to stain and obtain complete
morphological images compared with retinal ganglion
cells, we selected the more challenging photorecep-
tor cells and used the new method to label photore-
ceptors in the retina. The retinal wholemount results
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Figure 6. Six-month-old retinawholemount labeledwith PNA. (A) Sequential magnification of the corresponding area 1 on thewhole-
mount, highlighting the distribution of PNA in the retinal layers. (B) Sequential magnification of the corresponding area 2 on the whole-
mount, showing detailed PNA expression. (C) Sequential magnification of the corresponding area 3 on thewholemount, illustrating specific
regions of PNA concentration. (D) Sequential magnification of the corresponding area 4 on the wholemount, indicating areas of interest
with high PNA signal. Scale bar = 10 μm. Arrowheads indicate features associated with increased scores.

of 6-month-old and 12-month-old mice showed that
the new method provided clear structure, clean
background, and complete wholemounts, making it
suitable for retinal studies in mice of different ages
(Figs. 6, 7).

In summary, the newly developed method signif-
icantly reduced processing time and improved the
quality of both retinal and RPE wholemounts.
Compared with traditional methods, the new approach
not only enhances whole mount integrity but also
ensures the accuracy of staining and the preserva-
tion of cell morphology. These advantages make this
method highly applicable in a wide range of research
settings, especially in experiments that require detailed
morphological analysis.

Discussion

This study introduces a simple, rapid, and effective
method for simultaneously isolating mouse retina and
RPEwholemounts. The method’s simplicity, combined
with its ability to preserve tissue integrity, makes it a
valuable tool for ophthalmic research. Compared with
traditional methods, this technique offers the follow-
ing advantages: (1) simplicity: the process involves
straightforward steps that do not require complex
equipment or extensive training; (2) time efficiency:
the entire procedure, from euthanasia to mounting,
takes only 2 to 5 minutes per sample, allowing for
high-throughput studies; and (3) high-quality whole-
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Figure 7. Twelve-month-old retina wholemount labeled with PNA. (A) Sequential magnification of the corresponding area 1 on the
wholemount, depicting the spatial distribution of PNA in the retina. (B) Sequential magnification of the corresponding area 2 on the whole-
mount, highlighting areas of PNA expression. (C) Sequential magnification of the corresponding area 3 on the wholemount, focusing on
PNA distribution patterns. (D) Sequential magnification of the corresponding area 4 on the wholemount, with arrows indicating regions of
significant PNA presence. Scale bar = 10 μm. Arrowheads indicate features associated with increased scores.

mounts: the method consistently yields intact retina
and RPE wholemounts, essential for high-resolution
imaging and detailed analysis.

The method’s robustness across different experi-
mental setups underscores its potential for broader
application. In practical applications, fixation time,
tissue integrity, and morphology may be influenced
by different disease models, particularly in preclinical
models of diabetic retinopathy and AMD. In these
disease states, the retina and RPE may exhibit distinct
pathological features, such as cellular degeneration,
tissue edema, and inflammatory responses.14–19 These
pathological changes can affect the tissue’s structure
and morphology, thereby posing new requirements for
fixation time and processing methods. Future research
could further optimize this technique for different

species or experimental conditions, potentially enhanc-
ing its utility in diverse ophthalmic studies.

This study demonstrates a simple, rapid, and effec-
tive method for simultaneously isolating mouse retina
and RPE wholemounts. The method’s efficiency and
ability to produce high-quality wholemounts offer a
significant advancement in ophthalmic research, with
implications for both basic and clinical applications.
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