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Objective: The objective of this study was to evaluate and compare the two scanning electron microscope (SEM) preparation
protocols and determine the better SEM preparation technique to study stem cells on human amniotic membrane (hAM)
scaffold. Materials and Methods: Formaldehyde-based protocol and glutaraldehyde-based protocol were compared to evaluate
the quality of SEM images for stem cells cultured on hAM scaffold. Results: The results suggested that formaldehyde-based
protocol is better than glutaraldehyde-based protocol in terms of showing clearer topography of the membrane as well as the
boarders of the cells. To provide intact surface of the SEM sample and avoid possible ruptures of the hAM or the thin cell
layer, it is recommended to perform the dehydration step using graded alcohol concentrations of 20%, 30%, 40%, 50%, 60%,
70%, 80%, and 90%, one time for each and twice in 100% for 10 min each. Gold sputter-coating step is not recommended
as it does not improve the image quality. Conclusions: To obtain clear SEM images, it is recommended to run a preliminary
study to determine the better chemicals and conditions of sample preparation even when following preexisting protocols.

Key words: Amniotic membrane, cell attachment, gold sputter-coating, scaffold, scanning electron microscope

INTRODUCTION

Scanning electron microscope (SEM) is a widely used
research tool that produces images of a sample by
scanning it with a focused beam of electrons. SEM
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images provide precious information of a sample’s
surface topography, composition, and properties. The
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correct sample preparation is essential to obtain clear
images. SEM samples are required to be completely
dry. Thus, biological samples of cells, tissues, and
organisms require chemical fixation to preserve
and stabilize their structure. This fixation is usually
performed using a solution of aldehyde fixative agents
such as glutaraldehyde, formaldehyde, and sometimes
a combination of both or with other fixatives."? Most
of the formaldehyde are existing as low polymers. The
fixation process using formaldehyde takes longer time
as the initial binding to protein is not completed before
24 h.P Glutaraldehyde has a larger molecule and a
faster chemical fixative action due to the presence of
more free aldehyde groups (-CHO).**1 Additional
postfixation is optional and usually performed using
osmium tetroxide.! Dehydration of the fixed tissues
is then required. Air-drying is not recommended
for dehydration as it may cause shrinkage and
collapse to the fixed tissues. Alternatively, organic
solvents such as acetone or ethanol are recommended
for samples” dehydration. These solvents replace
water in the cells and tissues and thus preserve
their structure. Hexamethyldisilazane (HMDS) is
finally used for supercritical drying to remove liquid
in a precise and controlled way. For electrically
nonconductive specimens, sputter coated with gold,
gold/ palladium alloy, platinum, or other conductive
materials is recommended to avoid image artifacts
in the SEM images.!! Alternatively, the samples
can be impregnated in osmium to increase the bulk
conductivity.!

Because of its special structure and composition, the
amniotic membrane (AM) was nominated as a natural
scaffold for tissue regeneration and engineering
researches.*! For SEM investigation of AM, most
studies have used glutaraldehyde (2.5% or 4%) as a
fixative agent, followed by postfixation in osmium
tetroxide. Sputter coated with gold was almost
always achieved before scanning.!* This study
aimed to compare glutaraldehyde-based protocol
to formaldehyde-based protocol for the preparation
of SEM sample to investigate stem cells cultured on
human AM (hAM) scaffold.

MATERIALS AND METHODS

hAM of size 5 cm x 5 cm was obtained from Tissue
Bank Unit, Universiti Sains Malaysia. Chemical
de-epithelialization of hAM was achieved.'® hAM
was cutinto 1 cm x 1 cm and immersed in thermolysin
125 pg/ml (Sigma-Aldrich, USA) up to 25 min at room
temperature. De-epithelialization was evaluated by

a light microscope, and brushing technique by a cell
scraper (TPP, Europe/Switzerland) was applied when
necessary to remove the epithelial cells that could not
be washed away by phosphate-buffered saline (PBS).
Deciduous teeth stem cells (AllCells, USA) were
seeded on the de-epithelialized hAM. All samples
were incubated in a humidified atmosphere containing
95% air and 5% CO, at 37°C incubator.

After 1-3 days, the samples were washed gently
with PBS and fixed either using glutaraldehydel’®
or formaldehyde.l'”? In brief, for the formaldehyde
technique, the samples were immersed in 4%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.4
for 2 h at room temperature. Next, they were washed
again with PBS and incubated with 8% formaldehyde
at 4°C. After 2 days, the samples were washed in PBS
and dehydrated in graded alcohol of 30%, 50%, 70%,
80%, 90%, and 100% (twice), each time for 10 min. For
the glutaraldehyde technique, the samples were fixed
in2.5% glutaraldehyde for 2h at4°C. Then, the samples
were washed in PBS and dehydrated again in a graded
alcohol series. Finally, all the samples were incubated in
HMDS for 10 min, air-dried in a desiccator, and mounted
on suitable size plastic microscope slides [Figure 1].
Some samples were randomly selected to be coated
with gold using a sputter coating machine. The samples
were then scanned by an SEM (Phenom-World BV,
Eindhoven, the Netherlands).

RESULTS

Cells cultured on hAM were identified in all samples
prepared using either formaldehyde or glutaraldehyde,
with or without sputter-coated gold. However, it was
easier to recognize the cells’ bodies and boards as
well as the hAM surface topography on the samples
prepared using formaldehyde fixative [Figure 2]. Two
undesirable features were observed in SEM images.
The first was the presence of tears (ruptures) in some
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Figure 1: Mounting a human amniotic membrane sample on a plastic
slide for scanning electron microscope
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samples. The tears were observed in the cell layer as
well as in the membrane [Figure 3]. This feature was
observed in both types of samples prepared using
either glutaraldehyde or formaldehyde. The second
undesirable finding was the presence of small white
spots in some images [Figure 4]. This finding was
restricted to samples prepared using formaldehyde
only. Finally, images from the samples prepared with
or without gold spray were compared with priority
to noncoated samples.

DISCUSSION

SEM is a useful tool in tissue engineering studies that
provides good details of the morphological changes of
cells and cell / scaffold interactions. However, following
a suitable protocol for samples, preparation is required
to produce images with a good quality. This pilot study
was run to analyze and optimize different factors that
might affect the quality of SEM images of hAM. The
widely used technique to prepare AM for SEM in
literature includes the use of glutaraldehyde (2.5%, 3%,
or 4%) as a fixative agent.""#2] In these studies, gold
sputter coating of samples was traditionally performed
after dehydration and drying.

Based on our findings in this study, formaldehyde
results in better-quality SEM images when compared
to glutaraldehyde as a fixative agent [Figure 2]. The
aldehyde group (-CHO) is responsible for the fixative
function of the aldehydes as it combines to protein and
forms a cross-link-CH2, called a methylene bridge.™
The glutaraldehyde molecule has two aldehyde groups.
In aqueous solutions, glutaraldehyde is found as large
polymers with the presence of free aldehyde groups (-
CHO) of the polymer molecule on the side and the
end of each unit.*! These -CHO groups can largely
contribute in the cross-linking as they combine with any
protein they come in contact with. This explains why
the chemical reaction of glutaraldehyde with protein is
relatively fast (hours) and thus the advantage of rapid
fixation of the tissues. Whereas, the formaldehyde has
a smaller molecule that dissolves rapidly in water to
form methylene hydrate which exists as low polymers
in aqueous solutions. Thus, glutaraldehyde has much
greater potential for cross-linking when compared to
formaldehyde. However, since it is present as larger
molecules, its ability to penetrate tissue and biological
moleculesis less than formaldehyde. Hence, the unclear
topography found in our study with glutaraldehyde
samples may be interpreted by less penetration of
the fixative through the hAM molecule within the
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Figure 2: Effect of different fixative material of stem cells seeded on
human amniotic membrane for scanning electron microscope analysis.
(a) On the specimen fixed using glutaraldehyde, the cells were not
recognizable. (b) On the specimen fixed using formaldehyde, the cells
were identified on the membrane surface (a and b, x1000)
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Figure 3: Effects of alcohol dehydration on specimen of stem
cells seeded on human amniotic membrane for scanning electron
microscope analysis. (a and b) Torn layers of cells and membranes were
observed (arrows) due to improper dehydration (a, 1000 and b, x3000)
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Figure 4: The presence of white spots on the images of specimen of
stem cells seeded on human amniotic membrane of scanning electron
microscope analysis (a and b, x3000)

used time. To avoid this problem, it is recommended
to use glutaraldehyde solution which contains
low polymers. This can be achieved using purified
glutaraldehyde such as “EM grade” glutaraldehyde
(Sigma-Aldrich, USA).I The preevaluation of the
polymer size of glutaraldehyde available in our
laboratory was not considered in this study.
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Torn membrane or ruptured layer of cells was
observed in some samples, regardless of the fixative
agent used [Figure 3]. This indicates that ruptures
in the sample surfaces were not caused by fixative
material and were not related to fixation technique.
This observation was interpreted as a sever shrinkage
of the surface occurred during sample preparation
and probably resulted from improper dehydration
technique. Thus, a modification of the concentrations
of diluted alcohol for the serial dehydration was
suggested and tested. The new concentrations of
graded alcohol chosen were 20%, 30%, 40%, 50%,
60%, 70%, 80% and 90%, one time for each and twice
in 100% for 10 min each. Samples prepared following
the new protocol with modified alcohol concentrations
showed no torn features [Figure 5].

In some specimens, small, randomly diffused white
spots were observed [Figure 4]. These spots were
regarded as contamination which occurred during
the preparation process probably due to salt crystals
of the used buffer. Thus, to eliminate the production
of the white spots, it was decided to filter the 4%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.4
solution using 0.20 um sterile filter unit before used.
Samples prepared using filtered paraformaldehyde
showed no white spots in the SEM image [Figure 5].

Gold sputter coating of hAM specimen was not found
toimprove the quality of SEM images [Figure 6a and b].

Figure 5: Scanning electron microscope images with different
magnification for human amniotic membrane samples prepared with
a new protocol adjusted based on the result of the pilot study. White
spots and torn layers of cells or membranes were not observed

On contrast, interactions of cells on membrane were
shown better in non-sputter-coated specimens.
Coating the surface of nonconductive specimen
with conductive material is usually indicated to
prevent the accumulation of electrostatic charge
that may cause scanning faults. Gold sputter coating
of AM was routinely achieved in previous SEM
studies."""*l However, since hAM is a biological
specimen, it should be considered as a conductive
material. The results of this study suggested that
the conductive property of the hAM is sufficient
to provide good-quality SEM images and no extra
coating is needed. This will save time and cost for
SEM preparation.

CONCLUSIONS

To obtain clear SEM images of AM samples,
it is recommended to run a preliminary study to
determine the better chemicals and conditions to
prepare the samples even if following preexisting
protocols. Formaldehyde protocol described in this
study is suitable to prepare hAM samples for SEM
study. However, it is recommended to filter the
paraformaldehyde buffer using 0.20 um sterile filter
unit and modify the concentrations of graded alcohol
to be 20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90%,
one time for each and twice in 100% for 10 min each.
Gold sputter coating of samples is not indicated for
hAM specimen prepared for SEM study.
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Figure 6: Effects of sputter gold coating on stem cells seeded on human
amniotic membrane for scanning electron microscope analysis. Gold
sputter-coated specimen (a) did not improve the image of the one
without (b). The image of b Showed better interactions of cells on
membrane (x5000)
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