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Abstract

Adhesions between cells and substrates can be ob-
served when the undersurfaces of resin-embedded cells are
examined using high emission current backscattered elec-
tron (HCBSE) imaging with a Field Emission Scanning
Electron Microscope (FESEM). The aim of this study was
to find a fixation procedure that would optimise the con-
trast of cell adhesion areas when observed at low beam en-
ergies as well as the nucleus and stress fibres of the cell
cytoskeleton viewed at medium beam energies.

Balb/c 3T3 and L929 fibroblast cells were cultured on
plastic discs, fixed and stained with one of six variant
protocols, comprising of a variety of chemical fixatives,
mordants and stains. Following dehydration the cells were
embedded in acrylic resin. After the plastic discs were re-
moved, the specimens were coated with Au/Pd, and exam-
ined in a FESEM using the HCBSE technique, at accelerat-
ing voltages of  4, 8 and 15 kV.

The application of fixation protocol variants resulted
in obtaining different contrast levels of the adhesion areas.
The addition of 0.1% OsO

4
 to the primary fixative was ben-

eficial to the cells’ contrast, but the best results were ob-
tained from the additional binding of osmium in the OTO
method. The different focal adhesion organisation observed
in Balb/c 3T3 and L929 cells may have resulted from dif-
ferent effects of the fixatives on the different cell types.
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Introduction

It is known that cells need to be attached to neigh-
bouring cells or to an extracellular matrix (ECM) of mac-
romolecules for growth and survival. Due to the increase in
the use of metal implants in bone fracture fixation, the fac-
tors influencing the interaction and adhesion of both the
soft and hard tissue cells to these biomaterials are of inter-
est to the medical world. Understanding how the cells ad-
here to implants would be advantageous to improving the
biocompatibility of surfaces’ and decreasing the possibil-
ity of  infection.

Richards et al. (1997) developed a method to study
directly the adhesion of cells to metallic implants using high
emission current backscattered electron (HCBSE) imaging
with the Field Emission Scanning Electron Microscope
(FESEM) followed by image analysis. Fibroblast cells were
cultured on either metallic implant substrates or
‘Thermanox’ plastic discs, then chemically fixed, stained
with heavy metals, dehydrated and embedded in LR White
acrylic resin. After the removal of the metal implant substrate
(Richards et al., 1995) or a Thermanox disc, the underside
of the embedded cells were examined directly using HCBSE
imaging with an FESEM (Richards and ap Gwynn, 1995).
At a high beam energy (15 kV) the beam penetrates deep
into the cell, revealing the cell’s cytoskeleton and its gen-
eral shape, while at a low beam energy (4 kV), the areas of
cell attachment were observed. However, during the study
it was observed that the stained adhesion areas of L929
fibroblastic cells were diffuse in comparison to the distinct
stained areas of the Balb/c 3T3 fibroblast cells.

Image contrast for electron microscopy (EM) is pro-
vided, in chemically fixed biological specimens, by the
heavy metal fixatives and stains incorporated during fixa-
tion procedures. Chemical fixations stabilise the structural
organisation of cells or tissues such that ultrastructural re-
lationships are preserved in an acceptable condition, de-
spite the ensuing treatments of dehydration, embedding and
exposure to the electron beam. Chemical fixations can be
applied to specimens for morphological studies, though they
are less useful for physiological studies, where cryo-fixa-
tion would probably be required. Sabatini et al. (1963),
observed that treating a tissue with an aldehyde, particu-
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larly glutaraldehyde, followed by a secondary fixation with
osmium tetroxide (OsO

4
) gave good results. This type of

protocol has become generally accepted as being the best
approach for the chemical fixation of biological tissues, for
electron microscopy. However, other solutions of heavy
metals, stains and additives can be added to the fixation
procedure in order to enhance the preservation and con-
trast of the specimen.

Ruthenium red (ammoniated ruthenium oxy-chloride)
is an inorganic, intensely coloured, crystalline compound,
which acts as an oxidant and is added to OsO

4 
to enhance

the staining of tissues (Luft, 1971). It forms a moderately
heavy (atomic number 44) hexavalent cation, and reacts
with anions. Sobota (1997) showed that ruthenium red en-
ters cells forming globular structures on the cytoplasmic
surface of the plasma membrane. When ruthenium red is
used in combination with OsO

4
 the two compounds react to

form ruthenium tetroxide. Ruthenium tetroxide reacts with
many cellular components to provide enhanced contrast
staining.

OsO
4 

in combination with potassium ferricyanide
(K

3
Fe(CN)

6
) has been used for enhancing contrast, staining

of a wide variety of cellular components and has been known
for a long time to preserve glycogen (De Bruijn, 1968).
The OsFeCN mixture enhances electron-scattering capac-
ity of cellular components compared to the use of OsO

4

alone (McDonald, 1984), and reduces the electron-scatter-
ing capacity of ribosomes and nuclear chromatin (De Bruijn,
1973).

Thiocarbohydrazide (TCH) is a bipolar sulphur-con-
taining osmiophilic reagent, used as a ligand to bind addi-
tional osmium to a site, thereby enhancing the contrast
(Seligman et al., 1966; Aoki and Tavassoli, 1981). The tis-
sue, or cultured cells are post-fixed with OsO

4
, then treated

with excess saturated TCH. This results in one end of the
TCH molecule attaching to the osmium already in the cell
or tissue. When this is followed by a second exposure to
OsO

4
, more osmium binds to the other end of the TCH

molecule. The whole method results in an increase in the
contrast of tissue osmiophilic components, e.g., lipids
(Seligman et al., 1966). The principle of the method is
known as the OTO method (osmium-thiocarbohydrazide-
osmium).

Many fixation methods for EM use uranyl acetate as a
stain to improve the appearance of structures by increasing
their contrast (Watson, 1958). Uranyl acetate is a good gen-
eral stain and fixative, reacting with both negatively and
positively charged side-chains on proteins, and retaining
phospholipids in the cells, particularly in membranes, dur-
ing dehydration. Additives are used in fixation procedures
to enhance cell component preservation and contrast. Tan-
nic acid (C

70
H

52
O

46
), was introduced as an additive fixative

by Mizuhira and Futaesaku (1972). The mordanting effect

is believed to help reduce subsequent extraction of cell com-
ponents during dehydration and embedding (Simionescu
and Simionescu, 1976), and enhances uranyl acetate stain-
ing. LaFountain et al. (1977) found that after tannic acid
staining, isolated actin filaments and microfilaments of c
3T3 fibroblasts could be seen.

In the 1970s it was established that heavy metal stain-
ing methods, adapted from light microscopy and transmis-
sion electron microscopy (TEM), used together with BSE
imaging allowed visualisation of structures at or below the
surface of material prepared for the scanning electron mi-
croscope (SEM) (Abraham and DeNee, 1973; Becker and
Sogard, 1979). The production of BSE increases propor-
tionally to the average atomic number of the specimen
(Palluel, 1947), giving an image that shows atomic number
contrast. Hence, the more stain on a biological structure,
the stronger the signal that will be available for detection.
The aim of this study was to find a fixation procedure to
optimise for BSE imaging, the contrast, of both cellular
adhesion areas and the cytoskeletal stress fibres.

Material and Methods

Cell culturing

L929 and Balb /c3T3 fibroblastic cells (European
Collection of Cell Cultures, Salisbury, UK) were maintained
according to the method of Elvin and Evans (1982). Stock
cultures were recovered from a liquid nitrogen refrigerator
and were plated at 300 000 cells per 25cm2 plastic flask in
DMEM (Dulbecco’s Modified Eagle’s Medium) with 10%
foetal calf serum, without antibiotics. After 3 days cells were
detached with 0.25% trypsin and 0.02% EDTA (ethylene-
diaminetetraacetic acid) in TBSS (tyrode buffered saline
solution) - calcium and magnesium free. Detached cells were
recovered, rinsed and cultured on  pre-sterilised
polyethylene terepthalate (Thermanox) 13mm discs (Life
Technologies, Basel, Switzerland) at an inoculum of 30 000
cells per well for 24 hours, not to confluency.

 Preparation for electron microscopy

Fixation was carried out at 20°C. The cell culture
medium was removed and the cells were rinsed for 2 min-
utes in 0.1 mol l-1 PIPES (Piperazine-NN’-bis-2-ethane sul-
phonic acid) buffer pH 7.4. The cells were primarily fixed
in 2.5% glutaraldehyde (GA) in 0.1 mol l-1 PIPES pH 7.4
for 5 minutes. The cells were rinsed three times for 2 min-
utes each in 0.1 mol l-1 PIPES pH 7.4 before postfixation in
0.5% osmium tetroxide with filtered ruthenium red (375
ppm  / 0.0375%) in 0.1 mol l-1 PIPES pH 6.8 for 60 min-
utes. The cells were rinsed 3 times for 2 minutes each in
double distilled water and stained with 5% aqueous uranyl
acetate for 60 minutes. The above method was the control
protocol. Other Balb/c 3T3 and L929 cells were fixed us-
ing the variants shown in Table 1.
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The OTO method (variant 5) entailed post-fixing
cells, incubation in excess 1% thiocarbohydrazide (TCH)
for 10 minutes, before fixing a second time with unbuffered
OsO

4
 for 30 minutes (Seligman et al., 1966; Kelley et al.,

1973). The procedure used was otherwise the same as for
the control protocol.

Each fixed cell culture was taken through an ethanol
series of 50%, 70%, 96% and 100% for 5 minutes respec-
tively, followed by LR White resin (London Resin Co.,
Basingstoke, UK) allowing 1 hour for infiltration into the
cells. The discs were removed and placed, cell-side upwards,
in 15 mm wells in a silicone rubber mould. Fresh resin was
poured onto them and a drop of paraffin oil added on the
surface, to exclude oxygen from the resin. The resin was
cured thermally at 55°C for 16 hours. The polymerised resin
blocks containing the cells were removed from the mould
and excess resin was cleaned from the disc with abrasive
paper, the discs being separated from the resin block with a
sharp knife (Fig. 1). The embedded specimens were then
mounted onto stubs and coated at a sputtering rate of 0.1
nm/s with 10nm of gold/palladium 80/20 (as measured with
a quartz thin film monitor) in a Baltec MED020 unit
(Balzers, Liechtenstein).

Microscope operating conditions

SEM examination of the specimens was performed
with a Hitachi (Tokyo, Japan) S-4100 FESEM fitted with
an Autrata yttrium aluminium garnet (YAG) BSE detector
(Prophysics, Uster, Swizerland) and a Quartz PCI image
acquisition system (Quartz Imaging, Vancouver, Canada).
The microscope was operated in HCBSE detection mode
(Richards and ap Gwynn, 1995), to display the highly stained
focal adhesion areas directly on the undersurface of the cells
within the embedding resin. The microscope was operated
at accelerating voltages of 15 kV, 8 kV and 4 kV respec-
tively, all at 50µA emission current, which revealed infor-
mation from different depths within the embedded cells (Fig.
2).

A working distance of 10mm was used to optimise
both resolution and BSE collection. The condenser lens

Figure 1. Cell preparation. (A) Culturing, fixation, stain-
ing and dehydration. (B) Resin impregnation, polymerisa-
tion and sample removal. (C) Removal of the Thermanox
disc. (D) Sputter coating with 10nm Au/Pd.

Figure 2.  Cross-section of the cell-substrate interface, af-
ter the removal of the Thermanox disc. The three lines across
the cell represent approximate depth from which BSE
emerge at 4, 8 and 15 kV.

Table 1.   Fixation variants from the control.

 Variant PRIMARY SECONDARY FIXATION
FIXATION

 Control 2.5% GA 0.5% OsO
4 
+ Ruthenium Red

+ PIPES (375ppm) + PIPES

 1 Control 1% OsO
4
 + Potassium

+ 0.1% OsO
4

ferricyanide + PIPES

 2 Control 1% OsO
4
 + PIPES

+ 0.1% OsO
4

 3 Control 1% OsO
4 
+ Ruthenium Red

+ 0.1% OsO
4

(375ppm) + PIPES

 4 Control Tannic acid (30min) =>1%
OsO

4
 + PIPES (1hr)

 5 Control OTO method
+ CaCl

2
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current was maximised (setting  C18), thus minimising the
spot size. The widest objective aperture of 100 mm diam-
eter (number 1) was used to allow more electrons to inter-
act with the specimen. All images were stored in digital
form.

Results

The fixation variants used resulted in different con-
trast levels being obtained in images of the cells. At 15 kV,
internal details of c-3T3 cells were clearly seen in most
variants. However, the internal structures of L929 cells were
not as well defined, and seemed to be obscured by the nu-
merous filopodia on their surfaces. The stress fibres were
evident in c-3T3 cells fixed by the control method, espe-
cially along the cell edges and traversing the cell (Fig. 3a).
Structures that were probably saturated lipid droplets, which
had not stained with the OsO

4
 were also observed between

the stress fibres. The image inverted at 4 kV, but traces of
focal adhesion areas were observed around the cell periph-
ery (Fig. 3b). Many projecting filopodia were seen on the
L929 cells, (fixed using the control method) when viewed
at 15 kV, but few stress fibres were observed (Fig. 3c). No
more cellular detail was seen when lower accelerating
voltages were applied (not shown).

Variants 1, 2 and 3 had 0.1% OsO
4
 in the primary

fixative, which resulted in the cells having more contrast
than the control. The cells in variant 1 were post-fixed with
solutions containing potassium-ferricyanide added to the
OsO

4.
 This procedure produced poor contrast within the

cells and there were signs of cellular components being
extracted (not shown). Focal adhesion areas were not de-
tected in either cell type when 4 kV was applied (not shown).
Both cell types fixed with variant 2 were well contrasted, at
all accelerating voltages. The nuclei of c-3T3 cells were
stained to a greater extent than with any other treatment.
Stress fibres, and other cytoskeletal components, were ob-
served. What were probably accumulations of microtubules
and intermediate filaments were also observed as a dense
mass above and around the nucleus (Fig. 4a). At 4 kV the
focal adhesion areas became detectable when the first con-
denser lens on the microscope was adjusted to give a very
large spot size (Fig. 4b). Stress fibres and filopodia were
observed in the L929 cells, when examined using 8 kV (Fig.
4c). Focal adhesion areas were detected around the periph-
eries of L929 cells, when observed at 4 kV (Fig. 4d). There
was some damage to both the cells and the resin resulting
from the preparation methods used.

After fixation with variant 3, both cell types exhibited
good contrast. At an accelerating voltage of 15 kV, a dense
network of stress fibres, which had taken up a considerable
amount of stain, was clearly observed spanning the c-3T3
cell below the nucleus (Fig. 5a). The stress fibres travers-

Figure 3. Image of a c-3T3 cell (control fixation). (a) At
15 kV (C18). Numerous stress fibres (S) are evident and
non-stained saturated lipids (L). (b) At 4 kV (C12). In all
cases observed at this accelerating voltage the images in-
verted. Faint traces of black focal adhesion areas (F) were
observed, near the cell periphery. (c) 15 kV image of an
L929 cell (control fixed) (C18). Many projecting filopodia
(P) are present, in comparison to the c-3T3 cells. Some in-
distinct stress fibres (S) are observed.
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Figure 4. (a) 15 kV image (C18) of a c-3T3 cell (variant
2). The stress fibres (S) are stained well and a differentia-
tion can be seen between the nucleus (N) and the rest of the
cell. Around the nucleus are other cytoskeletal components,
i.e., microtubules and intermediate filaments. (b) Image of
the same cell at 4 kV (C8). Scattered focal adhesion areas
(F) are visible, mainly at the end of the lamellipodia. (c)
Image of an L929 cell (variant 2) at 8 kV (C18). Stress
fibres (S) are seen bridging over the cell and along its edge.
Filopodia like structures (arrows) are seen close to the sur-
face, suggesting that they are attached to the disc. (d) Im-
age of the same L929 cell at 4 kV (C13). Focal adhesion
areas (F) are observed around the areas where lamellipodia
and filopodia were seen at higher kV’s.

Figure 5. (a) 15 kV image of a c-3T3 cell (variant 3) (C18).
The dense network of stress fibres (S) with good contrast,
mainly cross below the nucleus (N). (b) The same cell
imaged at 8 kV (C18). The stress fibres (S) are more ap-
parent, traversing the cell and appear to converge at
lamellipodia on the cell edge, where focal adhesion areas
should be present.
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ing the cell seemed to converge at different points along
the cell edge at lamellipodia, indicating areas where focal
adhesion areas should be found. At a lower accelerating
voltage (8 kV), the stress fibres were more distinct (Fig.
5b). At 4 kV an inverted image of faint focal adhesion ar-
eas at the end of the lamellipodia were observed (not shown).
At 8 kV stress fibres were observed in L929 cells, but were
less distinct than within c-3T3 cells, and faintly stained
adhesion areas were also just visible (not shown).

The addition of tannic acid to the fixation reagents
(variant 4) resulted in well-contrasted c-3T3 and L929 cells,
due to the high uptake of stain. Some diffuse stress fibres
were observed crossing the c-3T3 cell in Figure 6a , but
were not particularly clear at the cell edge. This may be due
to them being hidden amongst a dense mixture of various
cytoskeletal filaments and cytoplasmic structure. There was
also some evidence near the edges that cytoplasm had been
extracted during the fixation. In the L929 cell, observed at
15 kV, diffuse stress fibres, filopodia, a highly stained nu-
cleus and what appeared to be unstained saturated lipids
were seen (Fig. 6b). At 4 kV no adhesion areas were ob-
served in c-3T3 cells (not shown), but some diffuse focal
adhesion areas were visible in L929 cells (Fig. 6c).

Both cell types, when fixed with the OTO method (vari-
ant 5), exhibited good contrast (Figs. 7a-f). In the c-3T3
cell, the stress fibres were clearly seen towards the cell edge,
and in particular traversing the cell along the lamellipodia
(Fig. 7a). At 8 kV, the heavily stained stress fibres in the
same cell as in Fig. 6a were well contrasted from the lesser-
stained cytoplasm of the cell. The ends of the stress fibres
were seen congregating at their lamellipodia ends while
lower parts of the nucleus were also still detectable (Fig.
7b). This was the only variant that showed well-contrasted
focal adhesion areas when examined at 4 kV (Fig. 7c). Stress
fibres were also seen traversing the L929 cell, and unstained
vesicles were observed in proximity to the nucleus, when
examined using both 8 and 15 kV accelerating voltages (Fig.
7d and e). Focal adhesion areas were seen along the cell
edge (Fig. 7f). Scattered in the area immediately surround-
ing the nucleus of both cell types a mass of white spots was
observed. This indicated that some component of the cell
(such as mitochondria) has taken up a considerable amount
of heavy metal stain, or a compound had left a highly dense
precipitate which had subsequently accumulated stain, for
example, CaCl

2
 or TCH (Fig. 7a and d).

Discussion

The amount of heavy metal stain introduced into the
c-3T3 and L929 cells resulted in different levels of speci-
men contrast, which appeared to concentrate on the cells’
internal structures, such as stress fibres and nuclei. By us-
ing different accelerating voltages, ‘sections’ of informa-

Figure 6. (a) 15 kV image (C18) of a well contrasted c-
3T3 cell (variant 4). Stress fibres (S) are present and there
is evidence of cytoplasmic extraction during the fixation
(E). It may be, that the image is of one cell on top of an-
other. (b) An L929 cell (variant 4) at 15 kV (C18). Diffuse
appearing stress fibres (S) are observed towards the cell
periphery. This is one of the few variants that show the nu-
cleus (N), with a higher stained nucleolus (n). (c) The same
L929 cell at 4 kV (C15). Faint focal adhesion areas are
seen around the cell periphery.
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Figure 7. Images of a c-3T3 (a-c) and L929 (d-f) cell fixed with the OTO method. (a) At 15 kV (C18), the cell has good
contrast. Stress fibres (S) are seen traversing along the lamellipodia with some cross-linking (C) between them. Around the
nucleus (N) is a mass of unknown white stained spots. (b) At  8 kV (C18), ends of stress fibres (S) are seen at lamellipodia
ends. Parts of the nucleus (N) are still visible. (c) At 4 kV (C15), stained focal adhesion areas (F) are seen around the cell
edge where stress fibre termini had been seen at 8 kV. (d) At 15 kV (C18), stress fibres (S), nucleus (N) and unstained
saturated lipids (L) are observed (e) At 8 kV (C18) stress fibres (S) are seen traversing the cell. Neither the nucleus nor
saturated lipids are visible. (f) At  4 kV (C14), focal adhesion areas (F) are visible.
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tion can be collected to give an overall insight into the three
dimensional structure of the cell (Fig. 2). At 15 kV, the c-
3T3 internal cellular details were clearly seen in most vari-
ants. However, the L929 internal cellular details were not
as well defined, and seemed to be hidden behind the many
filopodia on and around the cells. Within many of the cells
(c-3T3 and L929), small spherical unstained bodies, prob-
ably saturated lipids, were observed. OsO

4
 attaches to un-

saturated lipids, but does not attach to saturated lipids
(Glauert, 1975).

At high accelerating voltages (8 and 15 kV), most of
the variants resulted in reasonably contrasted cells. Stress
fibres, nuclei, and saturated lipids were normally observed.
However at 4 kV, most of the cell images inverted, due to
the limiting factors of the detecting system, the exception
being those cells which had been fixed with the OTO method
(variant 5). It is known that the production of BSE is strongly
dependent on the atomic number differences within the
specimen, and the variations in the number of BSE pro-
duced, results in an image. Hence, as the accelerating volt-
age decreases the backscatter coefficient (h) also decreases
because fewer BSE emerge from the specimen, causing the
image to invert (Goldstein et al., 1992). Hence, the produc-
tion of a BSE image is dependent on the use of heavy met-
als, particularly those with high atomic numbers, in the fixa-
tion procedure.

With the addition of ruthenium red to the secondary
fixative (control) the contrast of c-3T3 cells was good, with
many cellular structures seen at higher accelerating voltages
(Fig. 3a). At 4 kV, the images inverted, but faint black areas
of focal adhesion were observed around the cell periphery
(Fig. 3b). The L929 cells exhibited less contrast, even when
similar preparation procedures were applied, with few stress
fibres observed at 15 kV (Fig. 3c). No cellular detail could
be resolved at lower accelerating voltages.

Variant 1 had 0.1% OsO
4
 in the primary fixative and

potassium ferricyanide in the secondary fixative, a combi-
nation which is known to enhance the staining of
microfilaments as well as the cell surface coat. However,
both cell types showed poorly contrasted stress fibres. At 4
kV, the focal adhesion sites were seen as diffuse areas. A
mixture of glutaraldehyde and OsO

4
 in the primary fixation

is believed to yield better preservation of cellular material
(Trump and Bulger, 1966). Both cell types fixed with ei-
ther variant 2 or 3, showed good contrast. A diffuse area of
the cytoskeleton comprising of microtubules, intermediate
filaments and microfilaments was seen in Figure 4a (vari-
ant 2). Such structures were not as clearly observed in other
variants. In comparison to variant 1, well-defined stress fi-
bres along the cell edges, and faint focal adhesion areas
were seen at 4 kV. Hence the addition of OsO

4
 to the pri-

mary fixative did result in improved contrast, as did adding
ruthenium red to the secondary fixative (variant 3), because

of the extra heavy metal stain bound to the cellular struc-
tures.

Adding tannic acid to the fixatives resulted in both
cell types showed good contrast (variant 4). However, stress
fibres appeared diffuse, and no focal adhesion areas were
seen in either cell type. It was possible that much of the
contrast observed was due to the binding of uranyl acetate
to the tannic acid (Hayat, 1989). The mordanting effect of
tannic acid is believed to help reduce the extraction of cel-
lular components during dehydration and embedding
(Simionescu and Simionescu, 1976). However in the c-3T3s
there appeared to be a large amount of cytoplasmic extrac-
tion present. This was probably due to over fixation (Fig-
ure 6a), or due to proteins conjugating during the fixation
procedure. In general, the L929 cells appeared to be better
preserved than the c-3T3 cells. The ‘extraction’ observed
could also be the result of the electron beam penetrating
through a thin area of the cell.

Variant 5 was based on the OTO method (Seligman et
al., 1966; Kelley et al., 1973). The cell preservation ob-
tained with this method was better in the c-3T3 cells than in
L929 cells. The cells’ contrast was probably good due to
the additional OsO

4
 binding to the TCH (Seligman et al.,

1966). The method also preserved other cell components
well, particularly the stress fibres. A probable explanation
for this was that the TCH’s bridging activity between the
two OsO

4
 phases reduced the exposure of the cells to the

OsO
4
, which can destroy the microfilaments (Aoki and

Tavassoli, 1981). White precipitates or spots were observed
around the nuclei of c-3T3 cells and some L929 cells, when
observed at 15 kV. The identification of these structures is
still unresolved, but they could be precipitates of calcium,
OsO

4
, TCH, or any combination of these, since they were

not seen after the application of any of the other variants.
Another possible explanation is that they were highly stained
unsaturated lipids, since this method is known to increase
the contrast of osmiophilic cellular components (Seligman
et al., 1966). The cells in variant 5 were more contrasted
than the cells fixed with the control procedure, because the
condenser lens setting was at 15 and not 12 (Figs. 3b and
7c). The condenser lens setting changes the beam’s effec-
tive spot size, which affects both the resolution and, more
importantly here, the contrast of the image. Decreasing the
condenser lens excitation increases the spot size and probe
current interacting with the specimen, resulting in an in-
creased signal being emitted.

Conclusions

The type of chemical fixation used affected the pres-
ervation and contrast of the cells, and the results depended
on the type of cell being fixed. The contrast and preserva-
tion of both cell types was better following the use of the
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OTO method, than when fixatives containing ruthenium red
had been applied. The OTO method ensured high contrast
of the stress fibres and nuclei at high accelerating voltages,
and focal adhesion sites at 4 kV. Another possibility for
improving the contrast of the images would be to coat the
samples with carbon which has a lower density than Au/Pd.

Another observation made was that filopodia were
present on the undersurface of the L929 cells at the inter-
face between the cell and the substrate. These were not
observed in c-3T3 cells, suggesting that the focal adhesion
areas of the respective cell types are different, in some way.
Further studies of the cell adhesion areas could be performed
using immunocytochemistry, TEM and interference reflec-
tion microscopy in order to investigate whether there is a
difference between the adhesion modes of the two cell types.

When using this method, it must be remembered that
structures closest to the ventral surface of the cell will pre-
dominate in clarity. The work has also shown that using a
combination of suitable specimen staining procedures, along
with their observation using the HCBSE technique, will aid
future detailed study of cellular structures.
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Discussion with Reviewers

G.M. Roomans: The OTO method is designed to increase
the amount of osmium binding to particular cellular struc-
tures. While this makes these structures easier to see, which
certainly is an advantage, it may give rise to unrealistic ideas
about the actual size of the structures (e.g., attachment ar-
eas), which may be a disadvantage in quantitative studies.
Please comment.
Authors: In the original paper  (Richards et al. 1997) on
measuring cell adhesion areas a postfixation with 0.5% os-
mium tetroxide and ruthenium red was used. In this method,
where the areas of adhesion were compared, the amount of
their staining and the penetration of the electron beam into
them was the same in each micrograph, so that comparison
could be made. Now that the staining method has been im-
proved, again the comparisons of adhesion should only be
made with cell cultures fixed by the same method and ob-
served under the same microscope operating conditions.
Only qualitative comparisons could be made with work
using other staining methods or slightly different micro-
scope operating conditions.

A.S.G. Curtis: The Thermanox coverslips often have ap-
preciable surface debris on them and other defects. Is it
possible that at least some of the structures seen outside the
cells and possibly some of these seen on the underside of
the cells are such defects? For example figure 6e appears to
show a regular rippling and there are a number of very black
spots, for example in Figs. 6b and 6c which might well be
images of things that have nothing to do with the cells.
Authors: In Fig. 6e the rippling on the cell (which also can
be seen with a black shadow in Fig. 6f) in several places is
where the resin has not been removed cleanly from the
Thermanox. If there is debris present it should be embed-
ded within the resin and if it is low density Thermanox de-
rived, debris it should not stain or show up with the BSE
imaging. The black spots in other images are also areas of
resin damage. The damage may initially be caused from
debris or other defects that are firmly bound to the
Thermanox.

W.L. Jongebloed: Why are the cells embedded in LR White
instead of Epon or Araldite? LR White is mostly used at
low temperatures in immunocytochemistry. At room tem-
perature the preservation capabilities of LR White are not
sufficient, due to the release of heat, causing the extraction
of certain cytoplasmic components.
Authors: Unfortunately Araldite and Spurr bind too
strongly to the plastic discs, fracturing them upon removal.
We have looked at stained structures using HCBSE imaging
with the FESEM in TEM blocks of both LR White and
Araldite resins (Richards and ap Gwynn, 1996) and more
recently with Spurr resin, but where the technique did not
involve having plastic discs as the substrate. The method
should also work with Epon resin. We have not observed
any obvious artefacts which could have been formed as a
result of the exothermic polymerisation of the resin.

W.L.Jongebloed: What does “high emission BSE imaging”
mean with respect to standard, is it applicable for the vari-
ous brands of FESEM’s ?
Authors: In general, all HCBSE imaging in our laboratory
is at 50 µA. Our standard for normal imaging with the
Hitachi 4100 is 10 µA, but settings up to 50 µA can be
achieved with this microscope and every laboratory uses
their own standards of emission current, kV etc. We be-
lieve that such work could also be performed with Schottky
field emission gun instruments (LEO and Philips) but we
are not sure whether or not JEOL instruments can be run
with such high emission currents.

W.L.Jongebloed: Why did you use a (rather thick) Au/Pd
coating, BSE do not show charging?
Authors: In this work we used 10 nm, though normally we
use 8 nm. Neither settings have reduced the contrast of the
BSE image. Using less than 8 nm coating with our system,
used at the higher accelerating voltage of 15 kV in HCBSE
mode, results in severe damage to the specimen.

W.L. Jongebloed: Structures that were probably saturated
lipid droplets... Have you done any TEM sectioning and
observation of these sections both in TEM and FESEM,
the latter in the BSE mode? Could it be that those struc-
tures are lysosomes? Lysosomes are often present in large
quantities in cell growth wells, quite some hydrolysis by
acid phosphatase takes place at cell growth and death.
Authors: We have not performed any TEM in this project,
since the aim of the project was to improve contrast of fo-
cal adhesion areas. We do not think that the structures are
lysosomes, which are membrane bound and would stain with
osmium. The observed structures clearly did not take up
osmium, but had a smooth spherical outline - typical of li-
pid droplets. This is not a main area of this work.
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W.L. Jongebloed: Have you used combined SE/BSE
imaging as well as a comparison ?
Authors: No, since the cells are embedded in resin, the SE
image only shows the structure of the resin surface, giving
no detail of the underlying material.
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