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Background: Post-fixation of sections is especially required for cryostat sections
of fresh frozen tissues. Vimentin is an intermediate filament in both fibrillary and
non-fibrillary form, expressed in Müller’s cells and astrocytes of the retina. Our
aim was to determine the best post-fixation method for visualising vimentin in
archival mouse eyes.
Materials and methods: We used an archival mouse eye, slightly pre-fixed with
paraformaldehyde and stored at –80°C for 4 years. We tried three fixatives (paraformaldehyde [PFA], alcohol/acetic acid [AAA] and methanol) for post-fixation
of eye sections.
Results: We showed that post-fixation alters the labelling properties of vimentin
expressed in the retina. In the sections with no post-fixation, vimentin positivity
was observed in and around the nuclei in non-fibrillary form. In PFA post-fixed
sections, the vimentin in the retina was not observed as fibrils. Positivity was
observed in the nuclei and in perinuclear regions of the cells. In AAA post-fixed
sections, positive labelling was observed around the nuclei as fibrils. In methanol
post-fixed sections, labelling was observed around the nuclei as fibrils.
Conclusions: We conclude that post-fixation with AAA is more convenient for
immunofluorescent labelling of vimentin in the retina for slightly PFA pre-fixed
and long-term stored retina. (Folia Morphol 2018; 77, 2: 246–252)
Key words: vimentin, post-fixation, paraformaldehyde, alcohol/acetic
acid, methanol

INTRODUCTION

it is expressed in Müller’s cells and astrocytes of the
retina [3, 16, 19].
The eyeball consists of three layers: corneoscleral
layer (includes sclera and cornea), vascular layer (uvea)
and retina. Retina is arranged into ten layers. These
layers are retinal pigment epithelium (RPE), rod and
cone cells layer (RCL), outer limiting membrane (OLM),

Vimentin is a 57 kDa intermediate filament expressed in cells of mesenchymal origin [5]. It is located
both in the cell cytoplasm and nucleus [10]. It can
be present in fibrillary and non-fibrillary forms [11].
Vimentin is the major cell skeleton component in the
immature glial cells of the rat brain [4]. In the adults,
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buffered saline (PBS) under general anaesthesia with
xylazine/ketamine. After an in-situ waiting time of 30 min,
its brain was used and the eyes were preserved at –80°C
for 4 years after an overnight incubation in 30% sucrose
solution in PBS at 4°C.

outer nuclear layer (ONL), outer plexiform layer (OPL),
inner nuclear layer (INL), inner plexiform layer (IPL),
ganglion cell layer (GCL), nerve fibre layer (NFL) and
inner limiting membrane (ILM). The cell bodies of
Müller’s cells are localised in the INL and their processes extend to OLM and ILM. Thus, the processes
of Müller’s cells traverse almost the entire retina [17].
Astrocytes are localised in NFL and GCL [16].
The expression of vimentin increases after a mechanical damage like retinal detachment [15]. In addition, the vimentin positivity in the processes of
Müller’s cells, which extend through the both borders
of retina, reaches the deep layers of retina after retinal
detachment [14]. Together with the vimentin expression in cell bodies and processes of the astrocytes,
vimentin expression in the retina extends from the
NFL to ONL under pathologic conditions [16].
Post-fixation is a method, which is performed by
immersion of sections of fresh frozen tissues into
a fixative especially after being sectioned by a cryostat. An increase in staining intensity has been reported after this method [18]. Perfusion fixation with
glutaraldehyde and post-fixation with osmium tetroxide is a method used for electron microscopy [21].
During a study on vimentin expression in slightly
paraformaldehyde (PFA) pre-fixed and long-term cryopreserved archival retina, we encountered difficulty
in visualisation of vimentin positivity. Thinking that
it may be due to the fixative used for post-fixation,
we planned this study in which we tried post-fixation
with three fixatives.

Sectioning

The eye was first kept inside the cryostat (Shandon,
Thermo Electron Corporation) at –25°C for 30 min for
thermal equilibration and then serial sections at a thickness of 25 µm were taken on 4 slides in a systematically
random manner. Each of the 4 slides included 8–10
sections of the same eye. Thus, at least 5–6 sections
were analysed for each of the post-fixation method.
Post-fixation

Three different post-fixation fixatives were applied to
the sections on three slides. For control purposes postfixation was not applied to fourth slide. PFA was used on
one of the slides, the other one received alcohol/acetic
acid (AAA) (2/1, v/v) and the other one received methanol
for post-fixation. Post-fixation with PFA was performed
at room temperature for 5 min. Post-fixation with AAA
and methanol was performed at –20°C for 5 min.
Labelling

The sections were washed with PBS for 3 × 5 min
and were incubated in blocking solution (5% bovine
serum albumin and 1% Triton X-100 in PBS) for 2 h.
After that, the sections were incubated overnight
(17 h) in blocking solution containing Cy3 conjugated
anti-vimentin antibody (Sigma-Aldrich, Cat# C9080) at
a dilution of 1/20 at 4°C. After washing with PBS for
3 × 5 min, counterstaining was performed by incubating in PBS containing Hoechst 33258 at a dilution
of 1/500 for 5 min. The sections were coverslipped
with PBS containing 50% glycerine and sealed with
nail polish.

MATERIALS AND METHODS
The source of archival tissues
The eye used in this study is an archival tissue from
a male Swiss-Webster mice (100 days old), which undergone acute carbon monoxide (CO) poisoning in
a previous study, which was approved by the local ethical committee (July 06, 2005; approval number: 05/68;
Animal Research Ethics Committee of Gulhane Military
Medical Faculty). Also, this study on archival tissues was
approved by the local ethical committee (January 21,
2011; approval number: 11/1; Animal Research Ethics
Committee of Gulhane Military Medical Faculty). Acute
carbon monoxide poisoning was performed using the
method described by Gilmer et al. [7]. Briefly, the animal
first inhaled 1000 ppm. CO for 40 min and then 50,000
ppm. CO until the loss of consciousness. This animal was
perfusion fixed by first infusion of physiological saline
solution and then a 4% solution of PFA in phosphate

Imaging

Imaging was performed under a fluorescent microscope (DMI6000B, Leica, Germany) which was
equipped with appropriate filter cubes for Cy3 and
Hoechst 33258. Densitometric analysis was performed
using the same imaging software (Leica Application
Suite Advanced Fluorescence, Leica, Germany).

RESULTS
All eye sections used in this study were from the
same eye and at least 6 sections, which included
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Figure 1. A section with no post-fixation. A. Vimentin labelled with Cy3; B. Nuclei stained with Hoechst; C. Overlay of panels A and B. Nuclear
and perinuclear positive labelling is observed in ganglion cell layer (GCL) and inner nuclear layer (INL) of the retina (arrow heads). Positive
labelling in fibrillary form is observed in the sclera (arrow). IPL — inner plexiform layer; ONL — outer nuclear layer; OPL — outer plexiform layer.
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Figure 2. Retina in a paraformaldehyde post-fixed section. A. Vimentin labelled with Cy3; B. Nuclei stained with Hoechst; C. Overlay of a panels A and B. Nuclear and perinuclear positive labelling is observed in ganglion cell layer (GCL) and inner nuclear layer (INL) of the retina (arrow
heads); IPL — inner plexiform layer; ONL — outer nuclear layer; OPL — outer plexiform layer.

sections of retina, were analysed for each one of
post-fixation method.
1. In the sections that were not post-fixed, vimentin
positivity was observed in and around the nuclei of
GCL and INL of the retina. No fibrillary organisation
was observed inside the retina. The vimentin in the
sclera and the connective tissue surrounding the
eyeball was observed as fibrils (Fig. 1).
2. In the sections post-fixed with PFA, the vimentin
in the retina was not observed as fibrils. Positivity was observed in the nuclei and in perinuclear
regions of the cells of GCL and INL (Fig. 2). In
the surrounding connective tissue vimentin was
observed as fibrils. Also positive regions were
observed in striated muscles (Fig. 3).

3. In the sections post-fixed with AAA, positive labelling was observed around the nuclei of GCL and
vimentin was observed as fibrils extending from
NFL to INL (Fig. 4). In the surrounding connective
tissue vimentin was also observed as fibrils (Fig. 5).
4. In the sections post-fixed with methanol, labelling
was observed around the nuclei and vimentin was
observed as fibrils extending to INL. In addition to
that, intensive positivity was observed in INL and
OPL (Fig. 6). Vimentin is observed as fibrils in the
sclera (Fig. 7).
5. According to densitometric analysis of images of
AAA and methanol post-fixed sections, the peaks
are more regular and the background noise is
lower in AAA post-fixed sections (Fig. 8).

248

B. Baykal et al., Post-fixation alters vimentin visualisation

A

B

C

Figure 3. Connective and muscle tissues in a section post-fixed with paraformaldehyde. A. Vimentin labelled with Cy3; B. Nuclei stained with
Hoechst; C. Overlay of a panels A and B. Fibrils in the connective tissue (arrow) and non-fibrillary vimentin in the striated muscle tissue can
be observed (arrow head).
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Figure 4. Retina in a section post-fixed with alcohol/acetic acid. A. Vimentin labelled with Cy3; B. Nuclei stained with Hoechst; C. Overlay
of a panels A and B. Vimentin is extending from ganglion cell layer (GCL) to inner nuclear layer (INL) as fibrils (arrows). IPL — inner plexiform
layer; ONL — outer nuclear layer; OPL — outer plexiform layer.
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Figure 5. Sclera and connective tissue in a section post-fixed with alcohol/acetic acid. A. Vimentin labelled with Cy3; B. Nuclei stained with
Hoechst; C. Overlay of panels A and B. Vimentin positive labelling is observed in the form of fibrils (arrows).
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Figure 6. Retina in a section post-fixed with methanol. A. Vimentin labelled with Cy3; B. Nuclei stained with Hoechst; C. Overlay of panels
A and B. Nuclear and perinuclear positive labelling (arrow heads) is observed in ganglion cell layer (GCL) and inner nuclear layer (INL). Positive
labelling in fibrillary form extending from GCL to INL (arrows) is also observed. Increased intensity is observed in outer plexiform layer (OPL);
IPL — inner plexiform layer; ONL — outer nuclear layer.
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Figure 7. Sclera in a section post-fixed with methanol. A. Vimentin labelled with Cy3; B. Nuclei stained with Hoechst; C. Overlay of panels
A and B. Positive labelling in fibrillary form is observed (arrows).

DISCUSSION

the retina after appropriate post-fixation has proved
that the antibody works on mouse tissues. We used
sections from a single eye and therefore we kept
only the post-fixation step as a variable and all other
conditions constant.
Fresh frozen sections tend to break. In order to
prevent this, incubation in sucrose is required for
taking good sections and good images. But, incubation in sucrose can only be performed if the tissue
is pre-fixed, because, for sucrose to infiltrate the
tissue, an overnight incubation is required and this
time period causes unfixed tissue to be degraded by
its own lysosomal enzymes. The 30 min pre-fixation

In this study, immunofluorescent vimentin labelling is performed on sections taken from an archival
eye, which was slightly fixed via perfusion-fixation
with PFA and preserved at –80°C for 4 years. Although
no statement regarding interaction with mouse tissues takes place in the user manual of the antibody
used, the producer has stated a cross-reaction with
mouse vimentin had been detected in the first lot of
product. During trial labellings, because post-fixation
was performed with PFA, fibrillary labelling has not
been observed in the retina. However, positive labelling in the surrounding tissue and positive labelling in
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Figure 8. Densitometric analysis of fibrils positively labelled after methanol (A, C) and alcohol/acetic acid (AAA) (B, D) post-fixation. Intensity
values of pixels on the lines are shown as histograms (C, D). The peaks in section post-fixed with AAA (D) are more regular and background
noise is observed to be lower. GCL — ganglion cell layer; INL — inner nuclear layer; IPL — inner plexiform layer; ONL — outer nuclear layer;
OPL — outer plexiform layer.

is a slight fixation because, for a good fixation with
PFA, the tissues are usually offered to be immersed
in it at least overnight.
Because fixation changes the chemical properties
of tissue components and the three-dimensional conformation of proteins, it has important effects on the
affinity and selectivity of the antibodies [6]. For this
reason, optimum conditions must be detected for
every molecule of interest. Alves et al. (1992) [1] have
stated that different fixatives may be required for
different epitops and has reported better interaction
for vimentin in sections fixed with ethanol than those
fixed with formalin. Helfand et al. (2011) [11] have
suggested that methanol fixation is optimal for visualisation of vimentin. However, methanol is reported to
cause protein coagulation, which results in decreased
antigenicity and loss of cell architecture [12]. Boon and
Kok [2] have reported that post-fixation with formalin
causes false-negative immune labelling for vimentin.
An interesting finding in our study is that, positive
labelling for vimentin has been observed after postfixation with all three fixatives and also without postfixation, but variations have been observed in vimentin
labelling in the retina according to the post-fixation

method. We observed positive regions for vimentin
in the striated muscles, which was also reported by
Granger and Lazarides [8].
Fixation with PFA before labelling vimentin in the
retina has been used in several studies [13, 14, 20]. In
these studies the specimens have directly undergone
labelling processes. Guidry et al. (2002) [9], on a study
on human retina, have used PFA pre-fixation for 6 h
and after sectioning the retina, they have stored the
slides at –20°C. Before immunofluorescence experiments, they have warmed the slides to room temperature and post-fixed them with acetone for 3 min.
According to our findings, it is obvious that the prefixation and storing at –80°C, has provided enough
preservation for vimentin and it is also obvious that
the fixative used for post-fixation has an effect on
visualisation of vimentin as fibrils. Researchers who
have difficulty in visualisation of vimentin should try
pre- and post-fixation methods mentioned here and
in other studies.

CONCLUSIONS
In this study we tried three fixatives for postfixation of archival slightly PFA pre-fixed eye sections
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for labelling vimentin in the retina. In sections which
were not post-fixed and those post-fixed with PFA,
vimentin was not visible as fibrils. In the sections
post-fixed with AAA or methanol, vimentin was visible
as fibrils. Densitometric analysis of the images from
AAA and methanol post-fixed sections revealed that
AAA post-fixation yields more regular peaks and less
background noise. In conclusion, for studies in which
vimentin expression in the retina has to be shown
extending to the outer layers of the retina in a fibrillary manner, AAA post-fixation is more convenient.
For antibodies which are thought not to work, trials
must be performed with combinations of variables
in every step. It should also be noted that vimentin
could be visualised using immunofluorescence even
after storing of tissues perfusion-fixed with PFA at
–80°C for 4 years.
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