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Summary. The purpose of this manuscript is to review
the literature on the use of heat-induced antigen retrieval
methods to enhance the immunolabeling of epoxy
sections at the electron microscopical level. The history
of the development of antigen retrieval by heating
formaldehyde fixed paraffin sections in a buffer solution
is given in short, and how this technique has been
extended to resin sections and in particular epoxy
sections is explained. Theories for the mechanism of
enhancement of the immunolabeling of epoxy sections
by the heat-retrieval method are discussed, and it is
finally speculated whether most of the mechanisms for
antigen retrieval on epoxy sections in heated buffer
solution are essentially the same as for conventional
immunoenhancing by deplastizing and etching. The
more accelerator used in the processing of the tissue the
more intense the immunolabeling of the heated epoxy
sections becomes. The intensity of immunolabeling of
the epoxy sections increases with the temperature in the
heated buffer solution, and the intensity is significantly
higher at high autoclave temperatures than at 95 °C,
Heat-induced antigen retrieval is also compared with
other, conventional techniques for enhancing the
immunolabeling of epoxy sections.
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I. Introduction
IA. Short history of antigen retrieval for light microscopy

Formaldehyde is the most commonly used fixative
for tissue preparation for light microscopy. This fixative
- or oligomers of them - crosslink proteins by binding to
side groups of the proteins, especially amino groups.
Formaldehyde protein bonds are unstable and can be
hydrolysed in aqueous environment (Hayat, 1989). Over
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the last 10 years methods have been developed where
sections are heated in a retrieval medium in a microwave
oven, pressure cooker or on a cooking plate for 10-20
min to enhance the immunolabeling of antigens for
routine immunohistochemistry (Boon and Kok, 1994).
Antigen retrieval by heating the sections in buffer
solution was first performed by Shi et al. (1991). The
most commonly used medium for antigen retrieval is
citrate or EDTA buffer, but other aqueous media with
other salts like e.g. zinc sulphate, lead thiocyanate and
aluminium chloride have also been used (Boon and Kok,
1994). The enhancement of immunolabeling by heating
is explained by releasing the bonds introduced by the
fixation of the tissue in formaldehyde. Some researchers
also claim that EDTA and citrate release Ca2* and Mg2+
ions from the tissue and thereby facilitate the
immunodetection of the antigens (Morgan et al., 1994).
Today, antigen retrieval of formaldehyde-fixed paraffin
sections is a standard procedure in routine diagnostics in
pathology laboratories.

IB. Some chemical qualities of epoxy resins

Tissue embedding for electron microscopy is
performed by resin infiltration and polymerization.
Epoxy resin and acrylic resins are the most commonly
used resins. The immunolabeling is almost always
performed by having small gold particles (1-15 nm) as
the immunomarker, and is therefore called ‘immunogold
labeling’. Acrylic resins usually give higher intensity of
immunogold labeling than conventional epoxy resin
(Newman, 1989; Brorson and Skjgrten, 1996a). The
reason why acrylic resins are often preferred in
immunoelectron microscopical procedures is explained
by Kellenberger et al. (1987): “Epoxies are able to form
covalent bonds with biological materials, particularly
with proteins (the epoxy polymers may probably bind
proteins with the fixation molecule as a link). Co-
polymerization of epoxies with embedded tissues occurs,
while polymerized acrylic resins surround embedded
tissues without binding to them. Accordingly, during
cleavage/sectioning the behaviour of epoxies and
acrylics is different from each other. Without co-
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polymerization (acrylics), the surface of cleavage tends
to follow the areas of least resistance, e.g., the interfaces
between resin and proteins. In epoxy embedded material,
however, the resistance in these interfaces is not
significantly less than in proteins. When cutting epoxy
embedded tissue, the plane of sectioning has greater
tendency to cleave the proteins.” In this way the surface
of conventional epoxy sections becomes smoother than
acrylic sections.

It is well known that epoxy sections usually give
better preservation of ultrastructural details than acrylic
sections, that they are more stable when exposed to the
electron beam, and that epoxy resin blocks are easier to
polymerize, trim and cut. Several conventional methods
have been applied to enhance the immunolabeling for
epoxy sections (Brorson, 1998a) including etching with
chemicals (e.g. sodium ethoxide) (Mar and Wight, 1988;
Brorson and Skjorten, 1995, 1996b; Stirling and Graff,
1995; Brorson, 1997). Sodium ethoxide has extremely
high pH, and may dissolve the ester-like bounds in the
epoxy resin totally (Mar and Wight, 1988) or partly
(Brorson, 2001). Other methods in this category are
etching with H,O, (Holm et al., 1989: Brorson et al.,
2001) or sodium metaperiodate (Stirling and Graff,
1995).

Another way of increasing the intensity of
immunolabeling is by increasing the amount of
accelerator in the infiltration and embedding steps when
processing the tissue (Brorson and Skjorten, 1996¢;
Brorson et al., 1997). The mechanism for increased
intensity of immunolabeling is reduction of the
copolymerization between the epoxy resin and the
biomolecules.

IC. Antigen retrieval of ultrathin sections for electron
microscopy

Antigen retrieval of epoxy sections for electron
microscopy was first introduced in the literature by
Stirling and Graff (1995). The test tissue was
glutaraldehyde and osmium-fixed cornea with
crystalloid inclusions of 1gG. Firstly, the sections were
etched in saturated sodium metaperiodate for 1 h at room
temperature in order to partially remove the osmium
tetroxide from the sections. Then the same ultrathin
sections of this tissue were exposed to antigen retrieval
in 0.0IM citrate buffer, pH 6.0 at 95 °C. The sections
which were treated in this way obtained a significantly
higher intensity of immunogold labeling with anti IgG
than non-treated sections and sections which were
treated in other conventional manners (see section IB).
Crystalloid inclusions of IgG give very high
concentrations of IgG in the tissue, and it is easier to
obtain intense immunolabeling than if 1gG occurs in less
concentrated forms. This explains why these sections
give intense immunolabeling even if the sections
originally were fixed with osmium tetroxide [this
fixative is very antigen-hostile (Baschong et al., 1984)].
When IgG occurs as immune complex deposits in

osmicated glomerular tissue, the immunogold labeling is
labeled in a weakly positive way (Brorson et al., 1999).
Other early studies in the literature which used similar
antigen retrieval techniques of epoxy sections were
Wilson et al. (1996) and Brorson (1998b). Wilson et al.
(1996) observed an increase following antigen heating
from + to +++ with anti-Collagen V to basal lamina
antigens in osmicated tissue. Brorson (1998b) obtained
an immense increase in the immunogold labeling with
anti-fibrinogen and anti-IgG to antigens in non-
osmicated glomerular tissue as a consequence of heat-
induced antigen retrieval. The increase (in per cent) from
non-heated to heated epoxy sections is much larger than
for acrylic sections (especially for non-osmicated tissue)
and for paraffin sections for light microscopy (Brorson,
1998b, 1999a).

If nothing else is stated, the heating procedures in
the following chapters are performed according to the
method of Stirling and Graff (1995) at 95 °C.

Il. Mechanisms for the increased intensity of
immunolabeling following antigen retrieval of epoxy
section by heating in aqueous solution

As mentioned in section IA, the anticipated
mechanism for antigen retrieval on formaldehyde-fixed
paraffin sections for light microscopy is breakage of
formaldehyde-antigen bounds. This mechanism also has
to be present when performing antigen retrieval on
epoxy sections, since the same chemical bounds are
present there (a combination of formaldehyde and
glutaraldehyde is often used as fixative for
immunoelectron microscopy - sometimes only
formaldehyde). But since the increase (per cent) in the
intensity of immunolabeling from non-heated to heated
sections is much larger for epoxy sections than for
acrylic sections and paraffin sections, other mechanisms
have to be present. This has been studied by Brorson
(1998b).

IIA. Breakage of epoxy protein bonds with formaldehyde
as a link

When embedding tissues in epoxy resin
copolymerization occurs between amino acid side
groups of proteins and the resin polymer chains
(Causton, 1984; Kellenberger et al., 1987), and this will
result in fewer epitopes exposed at the surface of the
epoxy sections than on the acrylic sections, especially
for large proteins (Brorson and Skjgrten, 1996a). It is
thought that the reactions between amino acid side
groups and the epoxy polymer may occur with the
fixative as a link, while the epoxy resin may react
directly with other protein side groups. When the tissue
is fixed by aldehydes, side groups of proteins (especially
-NH, groups) are occupied by the aldehyde fixative.
Formaldehyde (H,C=0) reacts with amino groups on the
protein side chains (Griffiths, 1992) (Fig. 1a). This often
occurs in a non-cross-linking way so the formaldehyde
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molecules have one free reactive group (Fig. la). When
the fixed tissue is embedded in epoxy resin, the epoxy
chains may react with the new hydroxyl group
introduced on the protein (Fig. 1b), and thereby the
protein and the epoxy resin are copolymerized.
Formaldehyde fixation is a reversible process (Hayat,
1989). When the epoxy sections are exposed to antigen
retrieval by heating in citrate buffer, some of the bonds
between the fixative and proteins will be hydrolysed
(Hayat, 1989) (Fig. 1¢). Oligomers of formaldehyde will
also bind to the protein side groups, and these fixing
molecules can be linked between the epoxy chains and
the proteins and released in a similar way as proposed
for monomeric formaldehyde (Hayat, 1989). We may
speculate that glutaraldehyde acts in a similar way
although glutaraldehyde fixation is less reversible. As a
result of this breakage, the proteins are at least partly
released from the epoxy network, and more surface
epitopes are exposed to the immunoreagents because of
superficial deplasticizing (Brorson, 1998b).

Fig. 1a
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Fig. 1. a. The interaction between formaldehyde (H,C=0) and the
amino acid side groups (the basic amino acid lysine is especially
exposed for binding to formaldehyde) of proteins in the fixation process.
b. The epoxy resin binds to the protein side groups with the fixative as a
link molecule. ¢. Formaldehyde fixation is a reversible process, and
antigen retrieval by heating the epoxy sections in citrate solution may
break the bonds between the fixative and the protein (Hayat, 1989), and
since the fixative is a link between the protein and the epoxy resin, the
protein will be partly released from the epoxy network. (Brorson, 1998b).

IIB. Breakage of direct epoxy-protein bonds

Even if the theory stated in section IIA is plausible,
this is not the only mechanism by which increased
immunolabeling following heating of epoxy sections
occurs. It has been illustrated that disruption of direct
epoxy-protein bounds (without formaldehyde as a link)
occurs as a consequence of heating the epoxy sections in
aqueous buffer solution (Brorson, 1999a).

When labeling epoxy-embedded immune complex
deposits in ethanol-fixed renal tissue with anti-IgG and
ethanol-fixed fibrin clots with anti-fibrinogen there were
significant increases in immunogold labeling due to
heating in citrate solution (up to 6-fold increase). This
means that even when a non-aldehyde, ethanol, is used
as the only fixative, there is an immense increase in the
immunogold labeling after heating in citrate buffer.

Another observation by Brorson (1999a) which
points in the same direction is that the relative increase
in immunolabeling following heating in citrate buffer for
epoxy sections of glutaraldehyde-fixed and
formaldehyde-fixed tissue is approximately the same. If
breakage of bonds following heating only occurred with
the fixative as a link, the relative increase following
heating should be significantly larger for formaldehyde-
fixed tissue than glutaraldehyde-fixed tissue since
formaldehyde-bonds are more reversible (Griffiths,
1992). Brorson (1999a) therefore hypothesized that
heating of epoxy sections also may induce breakage of
chemical bonds between the epoxy resin and the protein
side groups in other ways than through the formaldehyde
link.

IIC. Antigen retrieval of high and low accelerator epoxy
sections

The observation that the increase of labeling in
relative terms from non-retrieved epoxy sections to
retrieved ones is larger the less accelerator used in the
tissue processing was made by Brorson (1998b). This is
thought to be caused by the presence of more chemical
bonds between the epoxy resin and the tissue when low
concentrations of accelerator are used in the tissue
processing (Brorson and Skjerten, 1996¢); when there
are many bonds to break, there is a larger potential for
increase in the immunolabeling. The same report shows
more intense immunolabeling of retrieved high-
accelerator epoxy sections than retrieved low-accelerator
epoxy sections. This illustrates that breakage of epoxy-
protein bonds in the low accelerator epoxy sections is
not enough to surpass the combined effect of reduced
copolymerization in high-accelerator epoxy sections and
the breakage of some of its relatively few epoxy-protein
bonds. This is explained in the following way: from
theoretical considerations large proteins have large
tendency to be cleaved during sectioning, and are more
likely to be destroyed for immunodetection when
embedded in low-accelerator epoxy resin than in high-
accelerator epoxy resin (Brorson and Skjgrten, 1996a,c).
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This effect can never be compensated for by retrieval-
breakage of epoxy-protein bonds (Brorson, 1998b).

1ID. Antigen retrieval of acrylic sections and epoxy
sections with differently fixed tissue

As mentioned in section I the relative increase of
immunolabeling following antigen retrieval by heating
in aqueous solution is significantly higher for epoxy
sections than for acrylic sections. When tested on renal
tissue with anti-IgG on immune complex deposits and
fibrin clots with anti-fibrinogen, these relative increases
for epoxy sections were in the range of 4-10 fold (or
even higher), while for acrylic sections (LR-White) it
was 1.25-2.2 fold. Similar results were observed for
epoxy sections of ethanol-fixed tissue, but for acrylic
sections no significant increase was observed on acrylic
sections (Brorson, 1999a). These observations are
caused by the fact that acrylic resins do not bind
covalently to protein-side groups, and therefore acrylic
sections have less to gain from the retrieval process
- except for release of pure fixation bonds.

For epoxy sections the relative increase in
immunolabeling following antigen retrieval by heating
in aqueous solution is almost independent of the type of
aldehyde used as fixative (formaldehyde or
glutaraldehyde). For LR-white sections the relative
increase in immunogold labeling (same antibodies and
tissue as in the former paragraph) was significantly
higher when the tissue was fixed with formaldehyde than
when fixed with glutaraldehyde because formaldehyde-
protein links are more reversible than the corresponding
glutaraldehyde links (Brorson, 1999a). This also
emphasizes that for epoxy sections, the effect of larger
release of pure fixation bonds in the formaldehyde-fixed
tissue than in the glutaraldehyde-fixed tissue is
overflowed by the release of an immense number of
fixative-independent protein-epoxy bonds.

lll. Comparison of heat-induced antigen retrieval with
other methods for immunoenhancing epoxy sections

As mentioned in the introduction Stirling and Graff
(1995) were the first ones to introduce heat-induced
antigen retrieval on epoxy sections in aqueous buffer (in
combination with metaperiodate to remove osmium from
the osmicated sections). This method was significantly
better than the other methods that they performed
simultaneously (different combinations of treatment with
sodium ethoxide, metaperiodate). In this chapter we will
consider comparison of heat-induced antigen retrieval
with other and analogous techniques.

IIA. Comparison of heat-induced antigen retrieval and
etching with Ho0»

Several explanations for H>O,-induced immuno-
labeling are proposed in the literature. Earlier, the most
common one was that the epoxy sections become more

hydrophilic after treatment with H,O,, and that this
facilitates immunolabeling. But Diirrenberger et al.
(1991) showed that the yield of immunolabeling of resin
sections is independent of their hydrophilic or
hydrophobic character. A more reliable theory proposes
that the oxidation by H,O, partly breaks epoxy resin
bonds (Pfeiffer, 1%7) Therefore, the accessibility of the
epitopes can be increased on the surface of the section
(Brorson, 1998a). Heating of epoxy sections increases
the yield of immunolabeling by breakage of bonds
between the epoxy resin and the antigens - where the
fixative is sometimes a link as explained above
(Brorson, 1998, 1999a). In this way it is a similar
mechanism for the increased immunolabeling of H,O5-
treated and heated epoxy sections.

When performing immunogold labeling with anti-
IgG on glomerular immune complex deposits, Brorson et
al. (2001) observed that the heated epoxy sections gave
more than twice the yield of immunolabeling compared
to the H,O5-treated sections (osmium-fixation was
omitted). This shows that heating in citrate buffer is a
more potent ‘bond-breaker’ than treatment with H,O,.
When the epoxy sections are treated with H202, some
bonds between epoxy resin and the antigens are broken.
When H,O,-treated sections are heated in citrate buffer,
more bonds are broken and the immunolabeling
becomes more intense. But the bonds which were
initially disrupted by the H,O,, would also have been
broken by heating, and therefore the combination of
heating and H,0, does not give more intense
1mmun0|abelmty than heating alone (Brorson et al.,
2001).

Another study on glutaraldehyde and osmium-fixed
tissue including amyloid AA shows significantly better
immunolabeling with anti-AA for heated epoxy sections
than for sections which were treated with H,O, or
sodium metaperiodate (Rocken and Roessner, 1999). We
also have to take into consideration that H,O, and
sodium metaperiodate contribute to remove osmium
from the sections which also facilitates immunolabeling.
Rocken and Roessner (1999) claimed somewhat higher
intensity of labeling when EDTA buffer was used as
retrieval medium than for citrate buffer.

111B. Comparison of heat-induced antigen retrieval and
deplasticizing with sodium ethoxide

More intense immunolabeling with anti-IgG on
glomerular immune complex deposits for completely
deplasticized epoxy sections (deplasticized by sodium
ethoxide) than for heated epoxy sections (both for epoxy
sections based on embedding with low and high
concentration of accelerator) was observed by Brorson
(1999b). This result is reasonable since all resin-protein
bonds are broken during the complete deplasticizing,
while only some of the epoxy-protein bonds are broken
during heat-induced antigen retrieval. The release of
fixation bonds following heating in citrate buffer does
not give so much increase in immunolabeling that it
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compensates for the lack of complete absence of epoxy-
protein bonds on the heated sections. But on the other
hand, the ultrastructural preservation of the tissue is far
better on the heated sections. Besides, it is possible to
perform immunogold labeling of heated epoxy sections
on both sides of the sections if we omit the formwar coat
on the grids, and this gives a potential 2-fold increase in
the immunolabeling compared to the earlier statement in
this paragraph. Such two-sided immunolabeling is not
possible on completely deplasticized epoxy sections,
since the sections then will be entirely dissolved
(Brorson, 1999, 2001). If we perfom non-complete
deplasticizing (only ‘etching’ with ethoxide) of the
epoxy sections, we do not necessarily obtain more
intense immunolabeling of ethoxide-treated sections
than heated sections (Stirling and Graff, 1995; Brorson,
2001).

IIC. Comparison of heat-induced antigen retrieval, high-
accelerator epoxy sections and acrylic sections

As mentioned in the introduction, we can obtain a
higher level of immunogold labeling on epoxy sections
if we use higher concentrations of accelerator when
infiltrating and embedding the tissue, and this enhanced
immunolabeling occurs without the heating procedure
(Brorson and Skjerten, 1996a,c; Brorson et al., 1997).
But even if we heat low-accelerator epoxy sections,
reports show that it will obtain approximately the same
immunolabeling as for non-heated high-accelerator
sections (Brorson, 1998b). Difficulties with infiltration
of some tissues, low contrast of the sections and
problems with trimming the blocks are obstacles for the
high-accelerator method, but these problems are not
present when heating low/moderate-accelerator epoxy
sections (Brorson and Strom, 1998; Brorson et al.,
1999).

When we combine high-accelerator epoxy sections
with heating (se section IIC), we may obtain a degree of
immunolabeling which is higher than for non-heated
LR-white sections (Brorson, 1998b), and the problem
with low stainability of the high-accelerator epoxy
sections almost vanishes when they are heated
beforehand. But if we compare heated high-accelerator
epoxy sections with heated LR-white sections, the last
ones are significantly more intensely labeled (Brorson,
1998b; 1999b). Heated high-accelerator epoxy sections
also tend to have somewhat higher background staining
on the resin.

IV. How does the effect of heat-induced antigen
retrieval depend on the temperature in the retrieval
medium?

All that has been written until now in this review
about heat-induced antigen retrieval, is based on heating
the sections to temperatures just below the normal
boiling point of water (= 95 °C). What happens if we
increase the temperature during the retrieval far beyond

this temperature? To obtain higher temperature in an
aqueous solution, we have to use an autoclave or
pressure cooker where the pressure can be increased
beyond 1 atm. Autoclave-heating of formaldehyde-fixed
paraffin sections is sometimes used (Bankfalvi et al.,
1994; Bier et al., 1995; Taylor et al., 1996; Mote et al.,
1998), but not as frequently as microwave heating. For
paraffin sections, some researchers report approximately
the same intensity of immunolabeling with autoclave
heating as for microwave heating just below 100 °C
(Taylor et al., 1996), while other reports show that
autoclave treatment gives a significantly higher level of
immunolabeling (Bankfalvi et al., 1994; Bier et al.,
1995; Mote et al., 1998). Autoclave pretreatment at
121 °C of acrylic sections has been reported to give
approximately the same intensity of immunogold
labeling as when heating the sections just below the
normal boiling temperature (Xiao et al., 1996). Brorson
and Nguyen (2001) have recently performed
immunogold labeling of non-osmicated epoxy sections
which have been exposed to antigen retrieval in the
range of 25 °C to 135 °C with steps of approximately 10
°C. The interesting results and conclusions from this
work are presented in the rest of this section.

The immunogold labeling was performed with anti-
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Fig. 2. The intensity of immunolabeling with anti-lgG (as gold particles
per um2) on immune complex deposits in glomerular tissue on epoxy
sections autoclave heated in citrate buffer at temperatures ranging from
25 °C to 135 °C (that is 298-408 Kelvin (K)). This figure shows
exponential growth in the intensity of the immunogold labeling as a
function of the temperature by the “best fit"-formula:
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Similar exponential growth is present for labeling with anti-C3. (Brorson
and Giang, 2001).
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IgG and anti-C3 on immune complex deposits in
glomerular tissue on moderate-accelerator epoxy
sections. Increasing the temperature from 95 °C to
135 °C in the retrieval medium (citrate buffer) yieded a
significant increase in the intensity of immunogold
labeling; 2.8-fold increase for anti-IgG and 11-fold
increase for anti-C3. There were significant differences
in the effect of the antigen retrieval depending on the
temperature in the autoclave (Fig. 2): heating the
sections at 135 °C gave significantly higher level of
immunogold labeling compared with heating at 121 °C.
With antigen retrieval at 135 °C the level of IgG-labeling
of epoxy sections was estimated to be only 15% lower
than the corresponding labeling of LR-White sections
heated at 95 °C. The ultrastructural preservation of the
tissue was not significantly disturbed as a result of the
extreme temperature in the autoclave.

When the intensity of the immunolabeling is
considered as a function of the temperature in the range
of 25-135 °C, there was an exponential growth in this
area for immunolabeling both with anti-IgG and anti-C3
(Fig. 2).

The observation that the level of immunogold
labeling increased when the temperature of the citrate
buffer increased, can be explained in the following way:
retrieval media with higher temperatures have larger
ability to disrupt the bonds between the epoxy resin and
the antigens. It is believed that antigens located at a level
below those at the surface of the section may then
protrude as a result of this bond-breaking and epoxy
resin etching created by the heat. Therefore, these new
antigens will then be available for interaction with the
immunorecagents after the antigen retrieval process.
None of these newly protruding antigens may have been
damaged in the cutting process, while some of the
antigens originally located at the surface have been
cleaved by the knife during the cutting process. (Brorson
and Nguyen, 2001).

V. Speculation: are heat-induced antigen retrieval of
epoxy sections and deplasticizing strictly speaking
the same techniques with a similar mechanism? how
does this influence further improvement?

Deplasticizing

Complete removal of epoxy resin from the sections
by strong sodium ethoxide is caused by the ability of the
strong alkaline solution to disrupt the ester bonds of the
epoxy resin network (Mar and Wight, 1988; Baigent and
Miiller, 1990; Brorson and Skjorten, 1995). The strong
alkali solution works as a catalyst in this process. The
immunolabeling is strongly enhanced by this process
(formwar-coated grids have to be used to avoid complete
loss of sections). If we use a diluted solution of sodium
ethoxide (1%) for 10 min at 22 °C, the sections will not
be dissolved from a non-coated grid, and the
immunolabeling is still significantly enhanced, but not
so much as for the completely deplasticized sections

(Brorson, 2001).
Heat-induced antigen retrieval

When we use citrate-solution with pH 6 as the
antigen retrieval medium at 135 °C, there is no problem
with dissolving of the epoxy sections from the non-
coated grid. If we increase the pH in the citrate solution
to 10-12 at the same temperature, the epoxy sections are
completely dissolved in the retrieval process. At pH 9
we observe more extracted and thinner sections
(personal experience).

Speculation on the mechanism

On the basis of the last paragraphs we may speculate
that the mechanism for both heat-induced antigen
retrieval and deplasticizing of epoxy sections is the
epoxy-ester bond’s tendency to dissolve in aqueous
solution. When performing deplasticizing, strong alkali
is the catalyst. When performing heat-induced antigen
retrieval, heat is the catalyst. We also may have a
combination of alkaline and heat catalysing for both
techniques. When performing heat-induced antigen
retrieval at pH 6 at 135 °C or deplasticizing with 1% of
saturated sodium ethoxide solution (Brorson, 2001) we
obtain a partial and superficial deplasticizing which
increases the exposure of the antigens to the
immunoreagents. But the ethoxide technique performs
more deplasticizing throughout the sections which
destroys the sections if the same degree of two-sided
immunolabeling is to be achieved. The ability of hot
citrate solution to break formaldehyde bonds between
protein, gives an extra tiny contribution to the increase in
immunolabeling with the heat-retrieval method.

If these speculations are correct, we can expect at
best a tiny gain in the intensity of the immunolabeling by
combining heat-induced antigen retrieval in the
autoclave and deplasticizing, since the superficial
deplasticizing is already performed by the heat treatment
(in general, antibodies do not penetrate deplasticized
epoxy sections [Brorson and Skjorten, 1995]).

VI. Concluding remarks

Traditionally, epoxy sections have not been regarded
as well-suited for immunoelectron microscopy. This
view ought to be reconsidered in the light of the
progresses of heat-induced antigen retrieval, and it has to
be emphasised that it is the non-treated epoxy sections
which is often incompatible with immunoelectron
microscopy. Autoclave-heating of epoxy sections is easy
to perform, especially if a small, low cost laboratory
autoclave (= 10008) is used. Therefore, heat-induced
antigen retrieval at high autoclave temperature, which
may give almost the same intensity of immunolabeling
as acrylic sections heated at normal temperatures, is
expected to give a boost to the use of epoxy sections for
immunoelectron microscopy.
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