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Differential Acid Dyeing

It is quite possible to stain different tissue
components in different colours with different acid
dyes. There are a number of such methods of varying
usefulness ranging from simple stains to differentiate
between muscle and collagen to quite involved
techniques for staining fibrin in contrast to
erythrocytes, or methods for differentiating the cells
of the pituitary. There are also methods that
incorporate procedures for elastic fibres and mucin,
these being the quad and pentachrome methods.

The two most common differential acid dyeing
methods, however, are likely the van Gieson and
Masson’s trichrome. Van Gieson’s method is a
simple one-step trichrome for differentiating between
muscle and collagen, often used as a counterstain.
Masson’s trichrome is a more complex multi-step
procedure for essentially the same thing.

Like much that is done in histology, there are some
default assumptions made with these methods. One
is the colour scheme. Usually this is yellow
erythrocytes, muscle and cytoplasm with red collagen
in the van Gieson type, and yellow erythrocytes, red
muscle and blue or green collagen in the case of the
Masson type.

With the Masson type at least, there is no real reason
why other colour schemes would not work. In fact,
Masson himself recommended a variant of his
method in which the collagen was coloured by
metanil yellow. The traditional colour scheme has
become popular due to the good contrast it gives, but
it can be changed easily by substituting dyes of the
appropriate colour at the appropriate point in the
method, with some experimentation of course.

Even the van Gieson is not cast in stone. When first
introduced there were a spate of copy cat methods
using dyes other than acid fuchsin. Methyl blue was
one, but an interesting recommendation was the dye
naphthol blue black CS to replace acid fuchsin. This
dye colours more than just the collagen and was
suggested as a dye method for reticulin. It certainly
stains more than collagen.

Differential acid dye staining methods generally fall
into three distinct groups. The underlying principles
have been extensively discussed by Baker < 193

1. One-Step methods, in which the dyes and other
ingredients are combined in a single solution.

The different components then stain the tissue
differentially.

2. Multi-Step methods, in which single dye
solutions are applied in a series of timed
sequential steps, each step being optimised, and
often using a polyacid.

3. Yellowsolve methods, in which a red dye is used
to overstain all tissue then is differentiated by a
yellow dye applied in a water free low polarity
solvent.

In these methods there are two components to
consider. The first is the tissue and its components.
The second is the dyes that are used.

Fixation

Acid dye staining is not confined to eosin and its
substitutes, of course. They form a large part of the
staining techniques we use regularly. As with
hemalum nuclear staining, proper preparation of the
tissue is essential for the most reliable and consistent
results. Unfortunately simple formalin fiixation does
not bring about the brightest acid dye staining,
although it is possible to use it with acceptable
results.

Probably the most effective fixation for acid dye
staining is mercuric chloride, as formal sublimate or
BS5. Both of these fixatives preserve tissues such that
both acid and basic dye staining is enhanced.
Morphological preservation is excellent as well.
Unfortunately, mercury in all its forms is now
approaching the status of a pariah due to its
cumulative toxic effects and its impact on the
environment. It is possible to still use it, but it does
require that special handling and careful attention be
given to ensure none is released into the
environement. This necessitates the collection of all
fluids used, and precipitation of the mercury salts for
recycling in facilities capable of processing heavy
metals. This makes using it extremely invonvenient,
but not impossible. In some places mercury based
fixation has been banned outright, and there is a
distinct movement in North America to stop using it
and find a replacement. The replacement most often
mentioned is formal zinc chloride, or B+. This is OK
and better than NBF, but it is not a patch on formal
sublimate.

A second recommended fixative is Bouin’s picric
acid-formalin-acetic mixture. Acid dyes often stain
brightly after fixation with Bouin’s fluid, but nuclear
preservation is less effective as the picric acid may
hydrolyse the DNA. Once again, however, there is a
move to reduce the use of picric acid. It is also
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known as trinitrophenol, and is closely related to
trinitritoluene or TNT, and it and its salts are
explosive in the dry state. In fact, the biggest
explosion in Canada occurred when a ship carrying
munitions exploded in Halifax Harbour, Nova Scotia,
involving picrates which were part of the cargo.

Although at one time it was a standard explosive, its
danger is somewhat overstated. In laboratories we
always keep it damp or wet with either water or
ethanol, and good laboratory practices should ensure
that lids and containers are kept clean and free from
dried chemicals or crystals formed from wicking..
Under these conditions it does not explode and is
quite safe. Providing all solutions are made by
converting dry weights of picric acid to equivalent
volumes of saturated aqueous or ethanolic solutions,
it can be used with complete safety.

Bouin’s fluid is valuable also as a fixative that can be
used to refix sections after they have been cut and
picked up on the slide. Placing a dewaxed and
hydrated section into Bouin’s fluid overnight or in an
incubator at 65°C for an hour can noticeably alter the
brightness of the staining. It has become an integral
part of the staining procedure for many laboratories
when doing a Masson’s trichrome, and is often used
for other similar techniques as well. The active
component in this form of secondary fixation is the
picric acid, and sometimes a simple aqueous picric
acid solution is used rather than the mixture. Mostly
this is due to the formalin content which gives off
excess fumes when heated and which many of us
would rather avoid.

Lendrum and his co-workers have recommended a
procedure based on this for their trichrome methods
for fibrin, but used picro-mercuric-ethanol, that is,
ethanol saturated with both picric acid and mercuric
chloride.

Just to emphasise, the treatment of sections with
picric acid or Bouin’s fluid, or Lendrum’s picro-
mercuric-ethanol, is a form of secondary fixation. It
is not mordanting.

Tissue accessibility

The component of tissue with which we are
concerned is primarily the proteins. These are built
up of a series of amino acids, so called because they
have both an amino group and a carboxyl group in a
single molecule. Note that these two groups are
involved in the peptide linkage by which amino acids
join to form polypeptides, and they are therefore not

available for attaching to dyes. They do not
participate in staining.

Amino acids form chains through peptide linkages.
As they do so the chain tends to make a spiral due to
the placement of the amino and carboxyl groups on
each amino acid. That spiral then tends to bend as
different groups attached to the chain come close to
each other and are attracted to, or repulsed from, each
other in a variety of ways, whether that be ionic or by
non-polar forces. The subsequent bending causes
other groups to come in contact, and so it continues
until we get a very convoluted molecule with
attractions and repulsions between various groups
inside the areas that are folded and which are thus
hidden from reactions. Some groups are on the
outside of the folded structure, however, or very
close to the surface. It is these groups that are
responsible for staining rather than those deep within
the folds.

Before the dyes can attach ionically to the tissue
amino groups, they must first get close enough for
the reaction to take place. The folding of protein
molecules inhibits many of the amino groups from
participating in the reactions as they are inside the
folds. Think of it as a large loosely packed skein of
wool. The material on the outside is contacted
immediately, but the material beneath the surface
may require some time to become involved, and the
deepest layers at the center of the skein may never be
contacted. Time is required.

However, before we get to stain these proteins we
apply chemicals like formaldehyde, mercury salts,
picric acid, acetic acid and so on, in fact a variety of
chemicals used during the fixation, dehydration, and
clearing processes. Then we add insult to injury by
heating them in a bath of molten paraffin wax and
denature them with heat as well as with chemicals.
The end result is that it is very difficult, if not
impossible, to determine the exact structure at a
molecular level of the proteins we are staining. We
can only deal in mass action explanations because we
have no real idea what the actual molecular structure
is.

In addition, we must also be aware that there is an
organised aspect to the structure. We are not just
dealing with a mass of folded proteins, we are also
dealing with lipoproteins, proteoglycans, fibres,
membranes, exudates, coatings and so on. These just
complicate the subject.

There may also be other factors which inhibit access
to the tissue. For instance, erythrocytes have a
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lipoprotein membrane surrounding them, usually
called the red cell envelope, inside of which there is
an amount of loosely organised hemoglobin. The
hemoglobin itself may not be a problem to stain, but
getting the dye through the lipoprotein envelope may
be. The function of the red cell envelope, after all, is
to restrict the contents from leaking out. It is
structured in such a way as to be an impenetrable
barrier, except to the gases being exchanged. It
should come as no surprise that it would inhibit
access by the dye, even though the contents on the
other side of the membrane are easily stained. Some
means of overcoming the fence-like nature of the
envelope would be very useful.

It has also been suggested that many fibres have
some lipid associated with them. These lipids tend to
be hydrophobic and may resist the action of aqueous
solvents. When a dye is applied in water, it must first
overcome the hydrophobic nature of the protein.
Staining is not stopped, but it may be less intense
than it would otherwise be. Less dye would attach to
the protein as a consequence or, if there is a lot of
hydrophobic lipid, staining is inhibited so much that
the target material is not demonstrated. This often
involves fibrin, which may trap all sorts of materials
within itself when it forms, including lipid material
circulating in the plasma, from which fibrin is
derived. Since fixatives are often applied initially in
aqueous solution, it is possible that the fixation
process may also have been inhibited by this lipid,
and the proteins may not have been adequately fixed.

This issue was addressed by Lendrum and his
coworkers with respect to their trichrome methods for
fibrin. They strongly recommended initial fixation in
mercuric chloride, preferably formal sublimate, for
an extended period of 7-10 days depending on the
tissue.  Following processing and sectioning the
sections were to be dewaxed then soaked in
trichlorethylene at 56°C for 48 hours to remove all
residual lipid, then the section was refixed with picro-
mercuric-ethanol for 24 hours. The mercury pigment
was removed and the trichrome stain done. This
procedure works very well and produces very
beautiful stained sections, but it is hardly suitable for
a routine diagnostic laboratory. Many of us used to
just soak dewaxed sections of formalin fixed, paraffin
embedded material in Bouin’s fluid or saturated
aqueous picric acid for an hour or two before
staining, mostly with quite adequate results.

Tissue texture

Sometimes the tissue just has so much material
packed into such a small volume it is difficult for the
dye to get to it. Tendon, for instance, sometimes just

doesn’t stain. That is an extreme, but it illustrates the
point that some tissues may be impenetrable by the
dye just because the fibres or other material from
which it is made are so physically closely packed
together. This tissue may, or may not, have sufficient
amino groups ionised for adequate staining, but
because the dye can’t get to them they do not stain or,
if they stain the reagents we need to use afterwards
can’t modify their attachment as we would usually
expect.

This can be overcome to some degree with alcoholic
solvents, and tendon will sometimes be coloured
yellow in fibrin staining methods as a consequence.
It is also possible to heat the solution to increase
staining, but this has no application that I am familiar
with.

There is another side to this coin. This other side of
the coin in this context is that we sometimes talk
about tissue components being “loosely textured”,
that is they are easily penetrated by dye solutions.
Collagen can be one such loosely textured material,
particularly areolar connective tissue, and it is
consequently easily stained, taking the last dye
applied. Of course, there must be a whole range of
textures between these two extremes.

Tissue reactivity

Lets assume for a moment that the tissue amino
groups are completely accessible to dyes. We apply
the dye in acidified aqueous solution. There is no
inhibition, and every amino group takes up a dye
molecule. We have maximum staining. Still we see
that some parts of the tissue are more darkly stained
than others. Why is this?

Obviously, the differences must be due to more dye
attaching to some parts of the tissue than to others.
The inference is that some tissues must contain more
amino groups per unit of area than others do. In
other words they are more reactive tissues. This is
sometimes referred to as tissue density, i.e. the
density of reactive amino groups. I am not sure that
expression is the most appropriate because it can be
confused with tissue accessibility due to the tissue
texture and close physical packing of structures. The
term “reactive density” is perhaps more appropriate.

What is the effect of tissue reactivity? Consider a
tissue in which one part has 10 amino groups per area
and another which has five amino groups per area.
We then apply some means of removing the dye
evenly from across the whole tissue at five amino
groups from each area. The result is that one area
becomes unstained, the other still has half the dye
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attached. The dye applied following that will then
colour the area that is now unstained, resulting in a
distinct colour contrast.

In real life staining it is usually not as cut and dried
as that, but it serves to illustrate the point. In the
diagram below the grid on the left has darkly and
weakly red stained cells. The middle grid shows the
effect of removing an equal amount of dye from each
cell in the grid. The grid on the right illustrates the
results of then applying a contrasting colour to stain
all uncoloured material.

The Dyes

Acid dyes are quite a diverse group, and there are lots
of them, although we tend to use a limited number
over and over in different ways. Since they all
depend on ionic attachment to amino groups on the
tissue via their hydroxyl and carboxyl groups
predominantly, they are all very similar in their
action. It is easy to demonstrate that an acid dye will
stain nearly all tissue components simply by dipping
a section into an aqueous solution for a few minutes.
With few exceptions everything stains. So how then
can we colour different tissue components in
contrasting colours when all the dyes will attach to
the same tissue groups? The answer is that we must
manipulate the dyes by means of their differences
from each other and the physcial differences between
various tissue types.

Dyes do vary. An example is their formula weight
and presumably differences in formula weight also
means differences in physical molecule size and
shape. They differ in the number of ionising groups
and in their in solubility in water and other solvents
as well. Unfortunately, many of these characteristics
of dyes are poorly documented. Many of the
explanations are from the dim and distant past of the
1950s, when explanations were given to explain what
was going on without any scientific proof.
Subsequent successes in the manipulation of the
staining process have tended to validate those
hypotheses, but there is still little scientifically
validated proof. Very few peer reviewed papers have
been published in this area even though the

explanations are generally accepted and methods
based upon them successful.

Dye solubility

Dyes vary in how much will dissolve in a solvent.
Usually more will dissolve in water than ethanol, but
this is not always the case. As a general rule, with
stronger solutions for any given length of time, more
dye will attach to the tissue. The amount tends to be
limited as the usual reaction is that dye attaches to a
tissue amino group ionically. When all of the amino
groups are used up, no more dye can attach. Whether
we do this with a 5% solution for 5 minutes or a 1%
solution for 30 minutes, the end result is likely to be
the same. For that reason we usually do not use
solutions which are saturated with a dye, with a few
exceptions targeting erythrocytes usually.

We should also keep in mind that, although ionic
bonding is the norm, there are exceptions to this as
well and both van der Waal’s forces and hydrogen
bonding have been implicated in some types of
staining Techniques that depend on this type of
staining usually involve alcoholic solution and
alkaline pH, but not always.

Dye aggregates

Dyes are relatively large molecular structures with
formula weights ranging from about 300 to over
1,000. One characteristic of these structures is that
they tend to aggregate in solution due to van der
Waals forces. These, as you will be aware, are the
transient attractions between molecules that arises
due to where the electrons tend to be situated in the
molecules at any given time as they orbit the atoms.
It is probable that larger molecules tend to form
aggregates with more molecules in the aggregate than
do smaller molecules, i.e. the number of molecules in
an aggregate is non-linear and the larger the size of
the molecule, the more of them will be attracted
together..  Unfortunately we have no means of
measuring the size of these aggregates, so it has
become the practice to refer to the dye’s molecular
weight as a substitute. Keep in mind, though, that the
molecular weight does not correlate directly with the
dye aggregate size. Nevertheless, choosing dyes
based on their molecular weight does seem to work
quite well.

It is also known that van der Waals forces vary
depending on the solvent used. Water may be
considered the standard as a strongly polar solvent. It
owes its unique characteristics, including its solvent
abilities, to the hydrogen bonding between its
molecules, another force deriving from the
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positioning of electrons on each molecule, but this
time somewhat more permanent. In water, the
aggregates tend to be larger than in other solvents due
to its polarity. In less polar solvents such as ethanol
or 2-cthoxy-ethanol (cellosolve) to name the two
commonest, dye aggregation is weaker and the
aggregates physically smaller.

This characterisitic can be exploited by applying a
dye in one solvent, then changing the solvent to wash
out the excess. It is usually used with small
molecular weight yellow and orange dyes such as
orange G and martius yellow to stain erythrocytes in
contrast to fibrin. Methods such as the MSB and the
picro-Mallory use this approach. The erythrocytes
are stained by applying a strong solution of a small
molecular weight yellow dye in alcoholic solution.
Such a solution will have a small dye aggregate size,
and the smaller aggregates will be able to pass
through the limited size spaces in the red cell
envelope. The alcoholic solution is then washed off
with water for long enough that the water can
penetrate the red cell envelope as well and replace the
ethanol. As it does so, the dye forms larger
aggregates because the solvent is now more polar.
These larger dye aggregates are too large physically
to pass through the spaces in the red cell envelope
and are trapped within the red cell.

That does not mean the yellow dye cannot be washed
out eventually, even with water. We must remember
that van der Waal’s forces are transient. That means
the aggregates form, break up and reform continually.
At some times the dye aggregates are small enough to
pass, so over a period of time all the dye can be
washed out. However, it takes much longer than it
would if the washing were done with ethanol and the
aggregate size were always smaller. This approach
should be considered a method useful to delay
extraction of dye from erythrocytes thus giving an
opportunity to stain other material in contrasting
colours.

Accentuation and Solvent pH

Accentuators are reagents used to increase the
intensity of staining reactions, although they are
occasionally used to inhibit staining of one tissue
component in order to emphasise another, in amyloid
staining with direct cotton dyes from an alkaline
medium, for instance. Reagents applied to inhibit
staining are sometimes referred to as a “resist” rather
than an accentuator, since their function is to cause
the tissue to resist being stained.

The commonest means of accentuation is to adjust
the pH to give maximal attachment of the dye to
tissue. Generally, an acid dye from an acid solvent
will intensify staining intensity. Similarly, applying
acid dyes from an alkaline solvent will usually inhibit
staining.

To a limited degree, the level of increase or decrease
in intensity depends on how great the pH change is.
Eosin, for instance, is often used in “mildly” alkaline
solution with a pH of around 7.5 or so. Anything
much more than that inhibits staining so much that it
does not give enough colour to the tissue. Also, as
already mentioned, adding acetic acid to an eosin
solution results in distinctly brighter but more
homogenous staining.

Often the intent is simply to maximise the depth of
colour with an acid dye, to cause the maximum dye
to attach. This is much simpler, and just requires that
an acid is added in sufficient quantity to bring the pH
to about 3-4. Most commonly this is obtained with a
1% or 2% solution of acetic acid. That particular pH
is important as tissue amino groups are most reactive
at that pH. It is the tissue amino groups that bind
acid dyes, remember, so the more of those that are
able to react, the better. Of course, sufficient time
and dye concentration have to be allowed for the
attachment to take place fully.

In van Gieson’s method, and similar solutions, the
necessary pH is supplied by the picric acid. In
Masson type procedures, and in one-step methods, it
is usual to add acetic acid for the required pH.
Yellowsolve techniques usually do not include an
acid with the differentiating yellow dye, although it
may be included with the red plasma stain.

It is predominantly the tissue that is affected by the
pH. The affect on the dye is less obvious, but it is
also affected. In acid dyes the ionising groups are
usually hydroxyl and carboxyl, and the ionisation of
both is depressed in acid pH. We could argue that
using acid dyes in a low pH solution should inhibit
staining, but it clearly does not. That is likely due
simply to the number of molecules involved. A
solution of an acid dye will always have some
negatively charged groups present and the sheer
number is sufficient to ensure maximum attachment
to the maximally ionised amino groups. In other
words, the pH of the medium seems to affect the
tissue components more than it does the dye.
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Dye vigour

Dyes vary in the speed with which they stain tissue.
A few seconds in some is enough for distinct
colouration, minutes in others and the staining is
minimal. This is dye vigour, or dye reactivity. There
is almost no data about it, although there is an
ocassional mention in passing. It is sometimes noted
that smaller molecular weight dyes are more vigorous
than larger molecular weight dyes, although I do not
believe that is an absolute rule. I would presume that
the number of ionising groups a dye has may have an
effect on how rapidly it stains but, again, there is no
substantive data. Most of us, though, will be aware
that some dyes stain more efficiently than others.

Displacement

When I was at school, about a million years ago,
getting ready for my “O” level chemistry, we studied
a phenonemon called “double decomposition”. The
classic example given was the addition of a solution
of silver nitrate to a solution of sodium chloride. The
anions and cations reacted with each other, changed
places and silver chloride precipitated out as a white
cloud.

The principle is that elements can substitute for and
replace each other, silver for sodium in the instance
given. So can dyes. If we apply an acid dye to a
tissue for a few minutes it will attach to all the amino
groups available. If we then rinse it off and apply a
different acid dye, the second dye will begin to
replace the first dye and itself attach to the amino
groups, until it eventually completely replaces the
first dye. This is called “displacement”, as the
second dye displaces the first dye.

Like most of these processes, though, this does not
happen instantaneously. It takes some time for one
dye to completely replace another at every amino
group. It is quite feasible to remove the second dye
part way through the displacement process so that
both dyes are colouring the tissue. Usually the
results are not that clearly defined, and it not used as
a staining technique much with aqueous solvents.
Note, however, that it is the basis for the yellowsolve
techniques, including the HPS, Lendrum’s phloxine-
tartrazine, the fuchsin-miller and the methods that
derived from it.

It is sometimes assumed that the larger molecular
weight dyes will replace smaller molecular weight
dyes but not the other way around, so we must use a
molecular weight sequence of small, intermediate
and large. This is not so. In his yellow collagen
variant, Masson used acid fuchsin for muscle and

metanil yellow for collagen. Metanil yellow has a
lower molecular weight than acid fuchsin, indicating
that acid dyes can displace each other whatever their
relative molecular weights.  The relevance of
molecular weight is with regards to aggregate size,
nevertheless, it is true that the common sequence is
indeed small, intermediate and large molecular
weight dyes applied in that order.

Polyacids

Many trichrome methods use polyacids to increase
contrast, although they are often targeted towards the
contrast between collagen and muscle, usually
smooth muscle. The two commonest polyacids are
phosphomolybdic acid (molybdophosphoric acid)
and phosphotungstic acid (tungstophosphoric acid).
There is at least one method, a variant of the picro-
Mallory that uses trichloroacetic acid, and I do recall
coming across a method that used tungstosilicic acid
on one occasion.

It is sometimes stated that only phosphomolybdic
acid and phosphotungstic acid are suitable in this
role, but the recommendation that trichloroacetic acid
can be used in a picro-Mallory variant makes this
clearly untrue. There is no doubt however, that they
are the most common. It is also sometimes stated
that phosphotungstic acid gives sharper results that
phosphomolybdic acid, but I have never been able to
detect any difference and I quite happily use either
one. I also substitute one for the other if I do not
have the specified one available, and I have never
noticed a problem.

I draw attention to the trichloroacetic acid because of
a theory in the United States about how the
phosphomolybdic and phosphotungstic acids work.
It holds that the metal component (molybdenum or
tungsten) acts “like a mordant™”. That is, the polyacid
deviates into the collagen or other structures and then
the subsequently applied dye chemically links to it in
some fashion through the molybdenum or tungsten.
The presence of residual amounts of molybdenum or
tungsten following staining is pointed to as proof that
this takes place. I do not subscribe to this theory. 1|
would expect residual phosphomolybdic acid and
phosphotungstic acid to be present since the
processes involved are not allowed to go to
conclusion. We interrupt them when the effect we
want has been obtained, remove the reagents but
leave some of each reagent still in the tissue. There
is also no explanation of the chemistry of this
mordant-like effect which leaves an acid dye acting
as a large anion after being mordanted, when other
mordant dyes behave as large cations after
mordanting, and attach to negatively charged
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structures rather than the positively charged amino
groups that are stained in this case.

My point is that trichloroacetic acid can fulfill the
same function as phosphomolybdic acid and
phosphotungstic acid but does not contain any metal.
It cannot therefore form a link with an acid dye
through a metal component, and cannot behave as a
mordant. If trichloroacetic acid can successfully
carry out the function yet clearly not mordant the
dye, then it would seem to me that the explanation is
very unlikely to be so for the other two polyacids.

So how do they work? Probably the best way of
viewing polyacids is to think of them as very large
molecular weight dyes, but colourless. They have
very large molecular weights, but have overall
negative charges. Phosphomolybdic acid has a
molecular weight of 1825 and phosphotungstic acid
has a molecular weight of 2880. Trichloroacetic acid
has a molecular weight of 163. The last is
interesting, in that a molecular weight of 163 is not
particularly large in comparison to the other reagents
and less than most dyes. It calls into question
whether the molecular weight has that much to do
with it, in other words, whether a high molecular
weight reagent is necessary. I refer you back to my
comments about the sequence of small, intermediate
and large molecular weight dyes. Perhaps in multi-
step techniques the sequential application of the dyes
to displace each other is more important than the
relative sizes of the molecules.

Staining order

After all that detail, what does it lead to? In most
cases it is generally accepted that tissues are most
resistant to displacement in the following order:

=  Erythrocytes
=  Eosinophil granules

= Keratin

=  Fibrin

=  Muscle

= Cytoplasm

=  Bone and tendon
=  Collagen

= Areolar connective tissue

Nuclear staining

Early methods using acid dyes did not prestain the
nuclei, so the chromatin was usually stained by the
first acid dye applied, acid fuchsin in a Mallory, or
azocarmine G in Heidenhain’s Azan method.
Subsequent methods incorporated some means of

prestaining nuclei with a dye that could resist
extraction by subsequent acid treatment. This was
usually an iron hematoxylin, weigert’s being the most
common, although there are several others, some of
which are stable for several weeks. Iron
hematoxylins are reported to stain nuclei black in
trichrome methods. 1 have rarely seen that. 1
interpret the colour to be a dark grey-brown and not
particularly appealing.

Some people prefer to use a sequence stain of iron
alum-celestine blue followed by a progressive
hemalum.  This effectively duplicates an iron
hematoxylin, as the hematein replaces the celestime
blue attached to the nuclei in the first stain. In fact
some people merely use an acidified iron alum
without celestine blue initially followed by
progressive hemalum, with identical results.

Multi-step trichrome

Multi-step trichromes are those in which we
sequentially apply dyes to the tissue. The initial
methods of this type was the Mallory type. A simple
solution of acid fuchsin was applied, then briefly
washed. A mixture of aniline blue (methyl blue) in
mixture with orange G was then applied and stained
the collagen blue and erythroyctes orange. The
disadvantage of this technique was that the acid
fuchsin was applied in simple aqueous solution with
no added acetic acid to accentuate it, and the dye did
not stain very intensely. The brief wash afterwards
was often enough to remove most of the dye from the
muscle, so that when the blue dye was applied it
stained both collagen and muscle. Although useful,
this difficulty detracted from its popularity.

When Masson’s technique was introduced the
situation improved tremendously. Masson’s method
includes acetic acid in the dye solutions, so
attachment is optimal. The nuclei are also prestained
so they contrast clearly with the red of the muscle.
Masson actually recommended four variants in his
method. One used acid fuchsin alone, two used
mixtures of acid fuchsin and xylidine ponceau, and
one used xylidine ponceau alone. All used a
saturated solution of aniline blue in dilute acetic acid.
Aniline blue was a mixture of water blue and methyl
blue, and it can now be either one of those or a
mixture. Masson also published two other variants.
They both used acid fuchsin, but one stained collagen
with a 0.5% solution of aniline blue with
phosphomolybdic acid, the other used metanil yellow
instead of aniline blue.
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The Masson type of stain now follows the following
pattern.

1. Bring sections to water with xylene and ethanol.
Refix with Bouin’s fluid or saturated aqueous
picric acid at 56°C for 1 hour.

3. Wash with tap water to remove the yellow
colour.

4. Stain nuclei with an acid resistant method:

5. Apply the plasma stain for five minutes or so,
until everything is dark red.

6. Rinse with distilled water or dilute acetic acid.

7. Apply the polyacid for five minutes or so until
collagen is pale but muscle is still red.

8. Rinse with distilled water or dilute acetic acid.

9. Stain with the fibre stain for five minutes or so
until collagen is stained darkly.

10. Rinse with distilled water or dilute acetic acid.

11. Dehydrate with ethanol, clear with xylene and
mount with a resinous medium

Masson’s original variants ™ %%

Ingredient Var 1
Plasma Stain  Acid fuchsin 05¢g

Xylidine ponceau

Acetic acid 0.5 mL

Distilled Water 100 mL
Polyacid Phosphomolybdic acid 1.0g

Distilled Water 100 mL
Fibre Stain Aniline blue Sat.

Metanil yellow

Acetic acid 2.5mL

Distilled Water 97.5 mL

Phosphomolybdic acid

So what is going on? The plasma stain, a
combination of red acid dyes, stains all the tissue
deeply. The polyacid is then applied and displaces
the plasma stain from amino groups of the most
accessible tissue. This is the collagen which gives up
the red dye soonest. When enough has been
displaced the polyacid is removed and displacement
of the plasma stain stops. The fibre stain is then
applied, blue or green, and displaces the polyacid
from the collagen, staining it in the process. The role
of the polyacid is that of both a differentiator and a
dye resist, since the fibre stain must first displace the
polyacid before it can further displace the plasma
stain. When collagen is stained darkly enough, but
muscle is still red, the fibre stain is washed off. The
results show collagen as blue or green in contrast to
red muscle and epithelial cells, with distinct

erythrocytes, depending on the particular

combination of dyes used.
Var 2 Var 3 Var 4 Var § Var 6
035¢g 1.0g 0.1g 1.0g
0.65¢g 1.0g 1.0g
1.0 mL 1.0 mL 1.0 mL 1.0 mL
100 mL 100 mL 100 mL 100 mL 100 mL
1.0g 1.0g 1.0g 1.0g 1.0g
100 mL 100 mL 100 mL 100 mL 100 mL
Sat. Sat. Sat. 0.5¢

Sat.
2.5mL 2.5mL 2.5mL
97.5mL 97.5mL 97.5mL 100 mL 100 mL
10g

Rinse variations 1-4 & 6 with 1% acetic acid. Stain variation 5 at 50°C

There are other trichrome methods of this type.
Lendrum“emdrm ¢ a1 1962) and his coworkers published
several different methods targeting fibrin, a feature of
which is the contrasting colouration between yellow
stained erythrocytes and red fibrin. The picro-
Mallory is the gold standard for these techniques, but
the MSB — martius, scarlet, blue — is extremely
popular as a fairly easy and reliable technique,
whereas the picro-Mallory tends to be quite
dependent on the stainer’s skill.

Both of these methods use small molecular weight
yellow, acid dyes saturated in ethanol to stain
erythrocytes yellow. Both then wash with water to
change the solvent and to remove the yellow dye
from the other tissues. The staining from that point
on follows the standard Masson pattern, but usually
uses phosphotungstic acid. The purpose in going to
so much trouble to differentiate between erythrocytes
and fibrin is for renal biopsies. In some conditions
small fibrin deposits in glomeruli can resemble
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erythrocytes and a distinct colour difference can help
with evaluation.

Lendrum also published some more obscure methods
for fibrin. He believed that once it had been
deposited, fibrin matured slowly until it could not be
distinguished from collagen. His methods attempt to
stain fibrin in distinction to collagen and erythrocytes
at different stages in this conversion process. The
picro-Mallory demonstrated young to middle aged
fibrin red, with really fresh fibrin often stained
orange. The MSB stained middle aged fibrin red, the
Masson 44/41 demonstrates older fibrin, and the
OBDR4 or Obadiah, stained the oldest fibrin blue in
contrast to red collagen. These latter two methods
were often less than conclusive, but the picro-
Mallory and the MSB both were standard techniques
before immunological methods came along and
replaced them.

Lendrum’s group(Lendrum, Slidders & Fraser 1972y also
introduced an approach to trichrome staining in
which small molecular weight acid dyes, yellow,
orange or red, were applied in ethanolic solution,
washed with water, then displaced with larger
molecular weight, yellow, red or blue dyes. Of
course, the particular dyes to be used were chosen to
give contrast — two yellow dyes would appear to be
pointless, except that is what Lendrum recommended
following a PAS. The technique was standardised as
a few minutes in the ethanolic solution, rinse well
with distilled water, then displace with the aqueous
solution for half to two hours. The results, of course,
varied depending on the dyes chosen. This approach
never caught on, partly because experimentation was
needed before technologists could choose appropriate
combinations, but also because the dyes were not
always readily available.

An Australian named Shoobridge extended this
concept of standardised trichromes considerably. His
solutions were standardised in concentration and pH.
The technique was recommended for automated
systems. However, it is quite a long procedure and
never caught on.

In addition to the trichrome methods for
differentiating collagen and muscle, or differentiating
erythrocytes, fibrin and muscle, some other
specialised methods have been published. Slidders’
QFGStidders 1961) (Orange, Fuchsin, Green) is a
typical trichrome targeted towards differentiating
between acidophils and basiphils in the pituitary, and
Dawe’sP?es 1972 ,method targets fetal tissue. There
are a fairly large number of these methods, differing

predominantly in the plasma dye used, and for how
long the polyacid is applied, and consequently how
complete the displacement of the plasma stain is.

All of these methods are very similar.  The
differences between them tend to be the molecular
weight of the plasma stain, and for how long the
polyacid is allowed to act and remove the plasma
stain. In fact, many of them can be substituted for
one another by altering the staining times at each step
to emphasise one particular tissue component. There
is nothing magical about these techniques: it is all
about operator control.

One-step trichromes

The earliest trichromes, perhaps more accurately
called dichromes, used picric acid as a yellow dye in
conjunction with another acid dye of contrasting
colour. With one exception, these methods are not
popular today, which is a pity. The exception is the
van Gieson stain. Applied following a simple iron
hematoxylin such as Weigert’s, it very simply
differentiates between cytoplasm and collagen,
demonstrating the finest collagen fibres well. I found
it very surprising when I first emigrated to Canada
that the method is only used there as a counterstain
rather than a primary method in its own right,
Masson’s trichrome being preferred. Masson, being
as he was a pathologist in Montreal, one of Canada’s
major cities, may explain that.

Picric acid used to be used with many contrasting
colour dyes. As an assignment in a histology
correspondence course I used to give on behalf of the
Canadian Professional society, I assigned a project
which involved selecting several acid dyes of
contrasting colours to picric acid, then to use them in
van Gieson type procedures on a variety of tissues in
a composite block. That is, add 50 mg of each dye to
5 mL distilled water, then add 45 mL saturated
aqueous picric acid. The written report required a
detailed description of the results. I still recommend
this as a learning tool.

The van Gieson itself uses 0.05% acid fuchsin in
saturated aqueous picric acid. There are several
modifications of this method, differing in the amount
of acid fuchsin used (see Appendix 3),. The picric
acid in this method likely functions in a dual role,
that of an acid to lower the pH, and as a small
molecular weight yellow dye. The solution is applied
for a short period, and removed when staining is
satisfactory. Leaving the solution to stain for a long
time eventually results in everything staining red
except erythrocytes. Time is always a factor.

10
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It is possible to get results similar to the van Gieson
using a small molecular weight yellow, acid dye in
conjunction with acid fuchsin, or something similar.
Squires(sqmre 1892) , in 1892, suggested 0.3% acid
fuchsin in 2% orange G for a couple of minutes, for
instance. These tend not to be worth while, except as
replacements for simple eosin counterstains, perhaps.
The earliest multi-step trichromes had a component
similar to this, but using aniline blue in conjunction
with orange G to displace pre-applied acid fuchsin.
The orange G was to colour erythrocytes, while the
blue was for collagen.

One step trichromes today do not focus on the van
Gieson type. They focus on methods which give
results resembling the Masson type, often with
yellow erythrocyte staining.

One of the most popular is the Gomori one-step
technique. This wuses a mixture containing
chromotrope 2R as the plasma stain, fast green FCF
as the collagen stain, and acetic and phosphotungstic
acids. Following prestaining of the nuclei with an
iron hematoxylin the solution is applied for a few
minutes then rinsed off, dehydrated and cleared. The
results are similar to a Masson trichrome.

There are several similar methods, some of them also
including orange G, such as Mcfarlanes method
which has picric acid, acid fuchsin, aniline blue,
phosphotungstic and acetic acids. The staining
technique is very similar to the Gomori one-step.
Results are similar to a full trichrome, with orange
erythrocytes, red muscle and blue collagen.

Even Papanicolaou got in on the act and published a
one-step technique for sections which had orange G,
eosin Y, acid fuchsin and light green, along with both
polyacids and acetic acid in an aqueous solvent.
Clearly this was not his cytoscreening solution, but
we can perhaps see the beginnings of its development
here. The cytoscreening Papanicolaou solutions are
actually ethanolic two stage one-step trichrome
hybrids. Prestaining nuclei with hemalum, followed
by orange G for erythrocytes and some cells and a
one-step trichrome to finish.

The mechanism behind these techniques is one of
“competition” for available amino groups. It depends
on the interaction of all those factors I detailed earlier
on. In a complex solution, as these are, some
reagents will penetrate tissue more quickly than
others and bind to any available groups. As time
passes other reagents will gain access and displace
them. This is an ongoing dynamic process and time
is an important factor, since it is a truism that the

largest molecular weight dye will eventually stain
most of the amino groups. In one-step staining it
must be noted that molecular weight is an important
factor.

The more vigorous and smaller molecular weight
dyes will stain the most accessible tissues
immediately and eventually colour much of the rest,
including erythrocytes. The intermediate molecular
weight dyes will displace them in short order, to be
replaced themselves by the largest molecular weight
dyes. It is more difficult to explain the role of the
polyacids in one-step methods. It is easy to say that
the role is the same as in the multi-step methods, but
I do not see how it can be. I suspect that polyacids
function more as a resist for the dyes than as
differentiator, that is, they slow the activity of the
large molecular weight dyes and by doing so greater
contrast is obtained.

Optimising the staining with a one-step trichrome
technique is an important skill so I suggest, as an
educational tool, that a complex one-step trichrome
solution be made and the staining protocol be
optimised in a series of experiments. The first step is
to stain several sections for different times. Start at
one second, and do doubling of times until
overstaining is reached. It requires about 10 or 11
sections to get from 1 second to 16 minutes.

Due to the interaction between the different dyes and
the differences that the duration of staining brings
about, one-step methods are more highly constrained
than multi-step methods. By that I mean that a
staining protocol has to be established and followed
precisely. Not to do so introduces variability in the
end product and the stains become unreliable. When
this is coupled with the differences in fixation and
pretreatment used in different laboratories,
standardising the techniques becomes an absolute
must. One-step methods can be very useful, but
shine when many similar sections are to be stained.

A learning exercise

It can be an interesting exercise to make up a one-
step solution then determine its protocol for use in the
routine laboratory staining of kidney biopsies, skin
sections or placenta, the particular tissue should be
chosen for convenience. Nothing teaches so well as
actually doing it.

= Choose a yellow dye from orange G, martius
yellow, picric acid or metanil yellow.

=  Choose ared dye from acid fuchsin, xylidine
ponceau, ponceau 6R or biebrich scarlet.

11
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=  Choose a final dye from light green, fast green,
methyl blue or water blue.

= Choose a polyacid from tungstophosphoric,
molybdophosphoric or trichloroacetic acids.

=  Make a 1% aqueous solution of each selected
dye.

=  Make a 1% aqueous solution of the selected
polyacid.

= Combine 1 volume of each solution (12 mL of
each will fill a Coplin jar).

=  Add sufficient acetic acid for a 1% concentration
(0.5 mL if 12 mL volumes were used).

Method

1. Bring sections to water.

2. Treat with picric acid or Bouin’s fluid.
3. Prestain sections with iron hematoxylin
4. Stain in the mixture for ??? minutes.

5. Rinse with distilled water.

6. Dehydrate, clear and mount.

The timing and proportions of each dye must now be
optimised. The time of application may be altered or
the proportion of each component in the solution may
be changed. The two are not equivalent.

Changing the time will do two things, the staining is
likely to become paler if staining time is reduced or
darker if it is increased, and it may alter the colour of
each tissue component.

= Increasing staining time will favour the higher
molecular weight dyes over the small molecular
weight dyes. Erythroctes may be reddened and
muscle may be tinged with blue or green.

= Decreasing staining time will favour the small
molecular weight dyes over the larger molecular
weight dyes. Cytoplasm and muscle may
become yellower and the collagen may be
redder.

First, an approximate staining time should be set.
This can be done by staining several sections for
different times. Doubling the staining time from 1
minute to 1 hour would take 7 sections. Staining in 5
minute increments from 5 minutes to 1 hour would
take 12 sections. A few more sections could then be
stained to get the most appropriate time.

Changing the proportions of each component will
affect the relationship between what stains with
which dye. It may be done three ways.

e Adding a different amount of the 1% stock
solution. This not only changes the amount of
the dye being targeted, but also changes the

concentration of the other two dyes in the
solution due to the change in final volume.

e Changing the concentration of the stock solution
and adding the same amount. This permits the
relative proportions of the other two dyes to
remain unaffected, but is wasteful of dyes and
time consuming.

e Starting with strong stock solutions, but
standardising the final volume of the mixture by
adding water or dilute acetic acid. This enables
any of the ingredients to be altered without
affecting any of the others providing that the
final mixture volume is not changed.

The following effects can be expected to some
degree, but it must be understood that the changes
may or may not not be distinct. This is not an exact
process and depends a great deal on personal
evaluation.

= Increasing the yellow dye will cause it to resist
the staining by the red dye. Cytoplasm and
muscle may become yellower.

=  Decreasing the yellow dye will cause the red
component to stain more effectively with little
change to the blue. Erythrocytes may become
redder.

= Increasing the red dye will cause it to replace the
yellow dye more and better resist staining by the
blue dye. Erythrocytes may be redder and there
may be some red retained in the collagen.

=  Decreasing the red dye will cause it to replace
the yellow dye less and resist the staining by the
blue dye less effectively. Erythrocytes will be
yellow and there may be some yellow in
cytoplasm and muscle. Collagen may be bluer.

= Increasing the blue dye will cause it to replace
the red dye more. Cytoplasm and muscle may
become blue tinged.

= Decreasing the blue dye will favour the action of
the red dye and collagen may retain some red.

= Increasing the polyacid may resist the blue dye
more, so collagen may become red or there may
be an increase of poor colouration in more
inaccessible tissues like bone and tendon.

=  Decreasing the polyacid may cause less distinct
staining with a degree of colour mixing.

The most effective way is to first set the staining time
to bring about the desired depth of colouration, then
to adjust the colour balance by altering the proportion
of each dye, starting with the yellow, then the red and
finally the blue. This procedure sounds far more
complicated than it is, and it usually does not take too
many changes to set the balance. Once set, the
balance and time do not need to be altered until a new

12
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solution is made, and that usually works much the
same as the old solution.

One other point must be noted. In the case of the
one-step MSB, the combined solution must be left a
few days before it will stain correctly. Keep this in
mind when making a new combination of dyes.
Also, not all combinations are compatible. Dyes are
chemicals, after all, and can react with each other.
Some combinations may be unstable, or have a short
working life.

Yellowsolve methods

The term “yellowsolve” is derived from a contraction
of “yellow” and “cellosolve”. Cellosolve is the most
comment solvent for the yellow dyes used, although
the earliest method used ethanol, as in the HPS.

Cellosolve is a solvent which is more correctly
known as 2-cthoxy-ethanol or ethylene glycol
monoethyl ether. It is inflammable and explosive at
temperatures higher than 44°C. It should be used in
well ventilated areas and pregnant women should
avoid inhaling it. Consult the MSDS.

These methods use an aqueous red dye to overstain
the tissue then the section is thoroughly dehydrated
and immersed in a yellow dye in a low polarity
solvent. The yellow dye displaces the red dye
slowly, and the section is removed when the required
degree of displacement has occurred. You may
recognise here the basic method for the HPS or HES,
Lendrum’s phloxine tartrazine, the Slidders’ fuchsin
miller and others. The name appears to come from
Lendrum® who published two methods for fibrin in
his paper about kidney fibrin staining and named
them Yellowsolve I and Yellowsolve II, although
they never became popular. In fact, yellowsolve
methods as a group are not all that popular with
perhaps the exception of phloxine tartrazine.

The most critical component with these methods is
that the low polarity solvent be completely
anhydrous. Even a trace of water causes the method
to fail, and this cannot be stressed enough. The two
solvents usually used are absolute ethanol and 2-
ethoxy-ethanol or cellosolve. If you use one of these
methods and results are not sharp, check the solvent
first and remove any trace of moisture.

In a low polarity solvent dye aggregates will
generally be smaller and displacement will generally
proceed at a slower pace, sometimes taking hours.
As with all acid dye staining methods fixation is
critical and mercury is the preferred fixative, but

secondary section fixation with picric acid will often
do. Do make sure all yellow from the picric acid is
removed before staining, though. Some methods, the
HPS for instance, are quite satisfactory following
formalin fixation.

Displacement follows the usual order, with collagen
being displaced first followed by muscle. There is a
difference, however, with erythrocyte staining. In
most aqueous trichrome methods displacement of
erythrocyte staining does not take place due to the
large aggregate size. Since yellowsolve methods use
low polarity solvents and the dye aggregates are
smaller, they can penetrate the red cell envelope
easily enough to displace the dye in them at the same
time as the collagen is being displaced. For that
reason, erythrocytes are often yellow in yellowsolve
methods. However, tissues fixed with formalin
sometimes do not give up the red from the
erythrocytes easily, so prestaining erythrocytes with a
yellow dye in ethanol is sometimes used to help the
technique along.

These methods are evaluated by inspection and they
do not lend themselves well to hard timed protocols.
The displacement time varies so much with some of
them, quarter of an hour to four hours for the fuchsin
miller, that visual inspection is the only reasonable
approach. It also explains why they have not become
more popular, because they can be quite striking with
bright red fibrin strands on a completely yellow
background, for instance.

As the displacement is progressive, these techniques
can be used for staining fibrin or muscle in contrast
to collagen by shortening the displacement period
and removing the section from the yellowsolve
solution at the appropriate time.

In order to increase contrast, some yellowsolve
methods also incorporate a polyacid. It is more
common with those variants which target fibrin than
those targeting other tissues. The polyacid functions
in the same way as it does in a multi-step trichrome,
differentiating the collagen and acting as a resist.

Quad and pentachrome methods

Quad and pentachrome stains are not distinct types of
acid dye staining methods. They are methods which
incorporate staining of other materials into existing
methods. In the case of quad stains the parent
method is usually a trichrome, and in the case of
pentachromes it is usually the HPS.

13
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In quad stains the extra material stained is often
elastic, either using orcien or verhoeff’s method.
Some methods prestain the elastic, some add the
orcien to the staining solution. Many variations have
been tried with varying success rates. The major
problem is that the clarity obtained with a trichrome
is often lost due to increased staining of the
background. Compare, for instance, a simple van
Gieson with a Verhoeff van Gieson.

The most well known pentachrome method is the
Movat stain. There are a couple of very good
modifications of this. The extra material stained is
mucin with alcian blue, followed by an HPS. These
methods give very nice appearances, but have to be
dealt with individually.

I am mentioning these techniques here because they
are often referenced with trichrome methods, but
what 1 have said about trichrome and yellowsolve
methods in general applies as much to them, with the
added necessity to evaluate the extra stained material.

Conclusion

All acid dye staining depends upon the same thing,
the attachment of negatively charged groups on dyes
through ionic bonding to positively charged amino
groups in the tissue. In order to bring about tinctorial
and contrast differences, and to demonstrate different
tissue constituents in different colours several
strategies are used, the most important of which is the
use of displacement, the ability of one dye to replace
another dye that has ionically bonded to a tissue
constituent.

Differences in dye reactivity, the solvent used and its
effect on dye aggregate size, and the length of time
the dye is applied all play a part, as do tissue fixation,
the accessibility and permeability of particular tissue
components, the number of amino groups available in
any given structure, and the use of polyacids to
differentiate and resist. Manipulating  these
characteristics of the dyes and the tissues are what
makes these methods so useful. I hope I have been
able to make the process more comprehensible.
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Appendix 1

Staining pretreatment with Bouin’s fluid
1. Dewax and hydrate section.
2. Place into Bouin’s fluid in a Coplin jar at 56°C for one hour.

3. Wash well with water to remove yellow staining.
4. Continue with the stain.

Saturated aqueous picric acid may be substituted for the Bouin’s fluid.

15



9l

"Ure)s 21qIJ $SO9X0 JAOUIAI 0} PUE “POYIoU oY) JO puo Yy £q papeiSop

U09q 9ARY ABW ST} SB Furure)s 9)KA00IIAId YSQIaI 0} PAUSISIp aIe A[[ensn 9say ], ‘SUOIIN[OS AP UI [SeM [BUIJ € PUSWUIOIAI SPOYIAUW MIJ AI0A Y [SeA\

"SJUIA[OS PUB SOAP UBY) IOYI0 SJUIZedy (L LIEL )
-doys uonenuoiayp proeAjod e oyerodioour ‘Jou Aewr 10 ‘Aewr sanbruyo9) 9say I, *(9AJOSO[[99) [OURYII-AXOYIS-7 dsh spoyjowt x9[dwod a1ou

oY) Inq ‘[OUBY}S AIN[OSE PASN POYIOUI JSAI[IBI O [, JUSA[OS SNOIPAYUE UL UL 9AP MO[[oA JYSIom Je[nos[owr o31e[ & osn sanbruyoo) oAjosmoo x MO[PX
"pasn SI MO[[A ‘A[oIey "u9aI3 IO on[q I SINO[0D

JsouowItod Iy [, ‘urejs ewsed oy} yjm sjsenuod A[Suons jey) Iojod . Ul Juoq pue udde[[0o urels 0} 9Ap a[nosjowr a31e[ & sajerodioour dojs siy 7, dqry
‘sure)s 21q1y pue ewsed oY) U9aM)AQ ISBIIUOD Y} SISBIIOUL SIY ], 'U23e[[0d woly ures ewse[d ay) sorowal

proe4jod ay 1, ‘proe ons3umoydsoyd 1o orpgAjowoydsoyd sasn siyy Ajuowtod 3sojA “dois uonenuaIdyIp e ajerodioour sanbruyosy Auey ma
‘UONBINO[OD SIY} YIIM UTE)S A[ensn sAJA00I LI ‘papro st dojs

Ogy 2y J1 ‘unqy pue wisedolAd ‘orosnw sajensuowap Afensn dos siy 1, Juouodwod par ayy st uress ewise[d ay) spoyjow SWOIYOLY AUBW U] BuIse[J
"PIoB JoyJ0 Awos 10 proeAjod & opnjoul Aew PUB ‘[OUBYID UI PIA[OSSIP

oIe SOAp 9} U "MO[[A pue d3ULIO 918 9SN 0} SINO[OD }SAUOWWOD Y ], "SAIA00IYIAIS 10J do3s e 9je10dI0oUl SPOYIoUW SWIOIYILY WO oLt |
ofurayfsuys;:dpy

J& poyjow yoed 10§ soSed [enpIAIpUL UI USAIS oIk ‘sowr) Jurpn[oul ‘s[reldp 939[dwod 210N ‘poyiowt paysijqnd [enpIAIpur oy ], JuBLIB A

-a8ed Suimor[oy ay) uo paure[dxa o1e 9SOy [, "SUONRIAAIqQE AQ POIJIIUIPI SIE S[BOIWAYD PUR SIAP ‘9oeds 9AIISUOD O], LRI |

SWID ],

[e1o179Uaq “WINIPOW SNOUISAI B YIIM Pjunou

oq AJrensn [[I4 0S 10 INOY UB IO} ),9G J& QIMXIW UI[BULIO}-013008-0101d
s,urog 1o proe oold snoanbe Yim juouIjeas) USY) ‘pasnh UAdq Sey UOexIJ
urjew1of o[duwrs J] "SoAIeX1j SUrUIejuod 9PLIO[YO JLINOISW J0 proe ouord ym
uonexyy Wolj J1Jousq SPOYIoW SWOIYOLI} JSOW ey} PIjou dq OS[e PInoys I

pue QUIAX UM PIIBJ[O [OUBUID UMM POJBIPAYIP 9q 0) I SUONIIS
oy} Sumuress 1Yy -Sururels o3 Joud porjdde ureys Jesponu jueisisal proe ue
puUE ‘S[OUB}d PUB SUI[AX BIA Idjem 0} JYSNO0Iq oq 0} aIe suonodas uygjered jey)
‘peyyroads 9SIMISYIO SSOTUN ‘pOOISIOPUN 9q O} ST JT SHBYO JUIMO[[0] S} Uf
SPOYIOA wﬂmﬁmﬂaw QWOAYILL]T,

7 xipuaddy

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig



Zl

8'0¥O0 ‘0'T IDH ‘00T %0S Wd | JI9zude],

$'0 gV ‘S0 40 01 A1D ‘S'T OV ‘ST %001 WA ‘05 MA eau)

an[q duIpI{O, qaL g o213 JoyiydeN DN Joueyg Uil
ouIZenIe, VL D¢ mofjak Sty TN Joueye-Axomg-g cicl

Mo[[ak ung AS MO[OA TIUBIN AN g uisoq a4

dreydns wnrpos SS MO[[L snieA AN JoyeM poIusIq Md

g€ pal snug S U213 [AYIoN DIN g an|q Jue|[Lq [ozen aa

proe ons3unjoydsoyd Ld onjq (AR ain pax ogeary) i fo)
|9 neadsuod Sd Ppa13sey surwessI| A1 Mz 2donowory) HD

| neaduod Ad MO[[2A QuIwessI| A1 JPLIO[YO Wnid[e) o))

proe o1pgAjowoydsoyq Nd ysImo[[ok S uaaid JysI] 7 191189 oLIqaIg sd
XD¢ pa1 ueredoig 1d 9)eu0qIRd WNIYIT 1 SD an[q mau ozuag Nd

§ ourxorqd Hd wnje uoiy VI uIsyony oIseq ad
9)RWOIYIIP WNISSLIOJ ad UI[AXOJBWOH XH uMmoIq Jorewsrg dd
N pa1 Juel[[Lq 1e[0d ad p1oe oLIo[yo0IPAH IDOH QUILIBOOZY A4
proe ouolg vd [010041D A uIsyony poy A4

proe o1jexQ X0 Mmof[ek 1seq Ad uIsod 0zZy AV

ura0I0 b: (o) 404 uoaIs sk L | an|q aur[iue qav

D d3ueIQ D0 SM X UISOg Ad pIoe oneoy ov

Suiuvapy 19qy Suuvapy 199y Sunmapy 1qqy
SUONBIAIqQY

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig




8l

€0 Nd
€000
€0 aN $T0 4V DISOYILI]
(4310) 08 Wd
X0 10V T0D0
S[[09 Areymyid 104 S0°0 Ld S1d 12V 1vd Jauoy]
21qY “DgY Wip —Jo 19pIo
oy ur parjdde st urels oYL, “WH %0L UL AG %1 PIM uteisald T0OT I INd 788 DO apue[oH
S'LOV
godv 10V uezy
0CDHO S INd TZV S, ureyquUIpY
TA'Le
1es Nd 90°0 IOH
$'THo S VI
sgzav $04v 80 D0 sutoypfey
T0OV
00V v Nd L'0¥d
T0OT D0 €04V Jdupron
10V
(49)4 €1'0 DO
c4av I INd €04dv uBwISS0.1)
0T D0
so04av 1 Nd yes Jv Ldrsuag
I Nd
70950
godav 704dv JAWLg
sjudWwo) yseA\ aaqiq ma ewiseld oqd jJueLIeA

‘pasn Suroq 210J0q PAIA[IY 9q PINOYS SUOIN]OS [y "dduenbes
Ul POAJOSSIP PUE PIppe SPIOS Y} USY} ‘JUOAJOS 9} oxewl 03 ISIf PIn[Ip
9q PINOYS SPIN[J SISED ISOW U] ‘pasn dq P[noys [oueyso (o,00]) AInjosqe
‘poyy1oads SI [OUBYIO QIOYA\ JUSA[OS JO OWIN[OA [B}0} SOMI[I[[IW (O] Oew

0} paIsnipe oq pInoYs Jojem JO SWN[OA oY) ‘POpPN]oul SI PIN[J JOYIOUL AIIYA\
"JoJeM PI[[USIP SOMII[[IUI (O] SI JUOAJOS oy} ‘parjioads oSIMIOIO SSO[UN)
‘swreId ur SpI[os [[& PUB SONI[I[[IW Ul PAINSLIW 9q 0} dIe SPINJJ [[& ‘Uonn[os
yoes 104 ‘uonnjos deredes e syuesaidor mo[oq Jeyd 9y} Ul UWN[OO Yoeg

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig

spoyjow days pNA[




6/

10V
1es AN I INd 1dv D - UOSSBIA
S'0INd
sodgav I INd 104V d - UOSSeIq
%I OV U %I dd % %1 AV 10 10V
%S0 OV UL %S0 AV 10 STOV §9°0dd
%1 DV Ul %] dd 10 jes gV 1 INd SE€04dV V - UOSSEJA
10V
[40)% 90 dd
'$JX9} 99URIJRI Ul PUNOJ USYO JUBLIBA Y 701 I INd S0 AV 3d£) uossey
0'C X0 I1d
S0 dIN 10
0CH0 1 INd ST04dv KIo[[eIA
ocpd oy Wd 01DV 08 yd
S'CT1d STOV 0l Ld §T0dd ST0D0
STOvd gcav 0'1vd ST04dv 0'1Vd d - duRlIB DA
ol pd oy pd [40)%
S'T1d [SYqe)4 0l ILd 0vd
STovd scdav 1vd 804V V - QUBLIBOA
STOV ¢Cld 10V
STHA STINd 1Sd MY
€0 INd
"SI} Surure)s JoFuo] Yonu yim €000 REN187
INq “SWOIYDLL §,ISSYOLIS] PAIpOU € ST SIYT, “S[[0 Areynyid 10,4 €0 dN ST04dv » SIM9]
qd ‘Ndg “dS ‘XS
-:50Ap 21q1 G0 9K JIseaq
1d ‘D0 YN ‘AV AV [SHENG| So6 Y % SIIPPIS
-:50Ap ewserd-Oay 10V ZVd WNIPUd |
IOV
ST°0SS 08 yd
1OV S0dd 70D0 QUEBLIR JIJAI
c4av I INd S0dv Ivd 2 WwnIpud|
0T X0
S0 dIN
A1o[eN JO uonEIyIpOW Syduuts v 07H0 I Nd STO AV uMOIg-39]
0L Wwd
suotsnpout [1ydoproe 10, §T09H0 I INd [ 4V me[ple]

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig




0c

1 INd
0D0
s'o4dv 70°0 AV SSPM
001 w4
1OV S0lLd
s[190 Areymyid 104 S1O1 11d S0DV S04V S'0D0 DAO SPPPIS
"sy[nsoI
[ewmndo 10 UOTIEXT} AINOIOW PIPULIXS SAINbay "ULIqIy 10, +'0dAV + 2091 08 Mg
06 MA ‘0T J1p Y001 JIp ang 1o S4d 0D0
0F Md ‘0T W ‘Ot JFIp M[00Is JJIp poy IOV 10 [ 4V CTO0AT Suo|
STLd 001 WA ‘ST Vd P 001 I dIN I1d 10V 1es Vd KroqeN-001d
"sy[nsoI 08 wd
[ewmndo 10} uonexy AIodIduW papudlxd saunboy uLIqL 10| 70V 10V 70 D0 JI0ys
0L Wd ‘0€ urels DY JFIp MO[[P X AN 1 1d 14dv jes Vd Kro[[eN-0101d
06 Wd
S0O1 I INd [dd Leyeq
1OV
I dd
‘[oueyIR-oLmdIoW-0101d 10
1M SUOI}O9S XIJOY "QUIJAYIIONYOLI UM 9seIFo( "pasnbax 10V 10V 11d
UOTEXIY APLIOD OLINDIOW POPUXY "ULIQY PJO AIOA 10, Y10 11d 1 N S'0D0 yeipeqO
POYIdW 290G ‘PAIMISQNS 9q ABW SIAP IO [BIOAIS 10V 10V 71d
"pa11dja1d uonexX1y SPLIO[YD JLINOISW PIPUIIXH ULIQY IO, S0 dIN I1d I Sd S0 AN dSIN
€00V
I 9N CINd I Ad JIOPUINIQIAL
‘D doejdar ueo gy 700V
%ST W ‘%S T TOH “%ST'T dd UM UIu ¢ 9edndrd 1054 I INd 10 4V eI
*[OUBY}O-OLINJIAW
-0101d Y31M SUOTIOS X1JOY "OUSJAYIRIO[YOLY )M 9sBIZo(J 10V 10V
“paIInbar uoneXIy OpLIOIYO SLINJIAW PIPUXY "ULIQ PO 10 1 9N 11d ISd 1b/bH UOSSBIAl

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig




174

“IOY[I Yoed JO O¢ dUIqUIO) ‘M 00 Ul 01 Ad 0OV a3auoy
TN SA[OSSI( "IOY)0 Y} UL X ] F[BY SUO Ul J SAJOSSI(] “Z Ul 9PIAIQ "M 00T 0} DV PPV 014V 0'T INd 00€ Md » ME[EA
SI'0DT
L1°0dV 010V
“IOY[IJ PUE J0UI0Z0) PPV "W UL IV pue Yd €€0dd S0 Nd 0S %S6 Nd
‘pIg ur O ‘pug ur DO pue Ld IST Ul N SA[OSSI( "INOJ 03Ul APIAL( “ISYIRF0) SPInY ppy $T0D0 S0 .Ld 0S MA ye[od
90°0 4V
1°0 AV
170 A9 STTO Wd
‘SUIUS2I0S IOOURD [BOIAIDD J0J Pasn poyiow noejodrueded dy) J0u ST SIY T, SZ1'0 DO 7110 1d 001 MA noejodueded
0z dav
01 AV 0OV
W %01 W %S'T Ld % %ST0 Vd Ul YSeam uress 3sod Tovd 01 .Ld 86 Md AUBLIE I
S0 aN
01 4V
UIW 7 %1 Ld P 18d1d1g 0'7D0 07 XO 001 MA Simapery
7000
"PaI 19[oNU UTeISAI] 900 4V 0'T INd 001 Md D[3IM0)SOY]
€004 0’10V
90 HD 90 Ld 001 Md Howon
€004 0’10V weyduuun)
HO®BN NI yiam ¢ 03 Hd Sunsnfpe £q payIpowr SWOIYDLY S,LI0W0D 9'0 HO 90 Ld 001 Md 2 [PSuy
S0av
S'14dv
0’1 DO $0.Ld 001 Md uose)
spudWwWo)) SAAQ [edruay)H JUIA[OS JUBLIB A

*0SN 910J9q UOIN[OS YO8 )1 "I} UI POA[OSSIP SPI[OS d3 U} )SI1J
opew 9q JUSAJOS a3 Jey} PAIseS3ns sI 31 “parjroads 9SIMIOYIO SSO[U() "UWN[OI
Pu0d3s Ay} Ul PAIJIoads JUOAJOS o) OJUI POAJOSSIP 9q PInoys juaSear yoey

"SuIeI3 Ul 918 SPI[OS 10J S}UN [[B PUB ‘SONII[[IUL Ul 9J8 SPIN[J JOJ UJAIF sjrun
[T m0[3q 1reyd ay) u] ‘sjuounedn) Surures isod o a1d Ajoads Aewr swios
y3noyjye ‘uonnjos Jurure)s o[3uls B asn spoyiow surure)s sworyoLy dojs ouQ

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig

spoyjou dags duQ




44

S6 S6 S6 S6 L
doip | doip | doip | doip | 1
0 0 0 LT°0 vd
'suonn[os yy SNOLeA oY) oI SUM|od I9Y30 §Tco §CcTo §TT0 o Ad S6wd
3} ‘9D S UWN]OD PUOIS SY ], “IIOUBD [IIAID S0°0 S0°0 S0°0 90°0 dd | S100 1d
I0J poyjow Surusa1dsolko s neojooruede St Iy, SZIT0 | 10 Sy00 | 10| ¢zzo | 10 70 7 $'0 D0 noejodruedeg
Suruda.19s03£)
001 949 §0DD
‘suorsnjout [[99 [rydoproe st anssn jo31e) Ay, ‘18S VL S0 Hd JUIZE.1).IB)-IUIXO[Y
001 99
"paxrnbar st UOnEXy SPLIO[YO OLINOISW PIPUAIXH "ULIQY ST onss1) 10518} oy, ST TN ILd S'1AV JI[[IA[-UISYON
sjudWwo)) MOJPX Ba ewse[q JUBLIEA

‘pIn[J SNOIpAYUE Ue SABM[E ST JUOA[OS
MO[[A QU "1ojem PR[[USIP JO TwW (O] I8 SJUOAJOS UONBIUIIIP pue
uress ewse[d oy} ‘pay1oads ISIMIOYIO SSI[U[ "SWEIS Ul oI SPI[OS I0J Sun [[e
PUE ‘SONI[I[[IW Ul 9J8 SPIN[J 10} UJAIF SjUN [[B MO[oq Meyd ay) u] Jo31e) ay)

uey} IoYI0 sonssy ur aAp par ayy soejdar AjoarssaiSord oy parjdde st juoajos
SnoIpAyuE UB Ul 9Ap MO[[A & udy], -proeA[od & U)m 9)JBIIUSIIJIP U
owos ‘0Ap paI & Jo uonnjos snoanbe ue Yym urejsad spoyiowr 9AJOSMO[[O X
SPOYJIW IA[OSMO[[I X

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig




4

G¢ [0S s;euun)
‘ur 07 10§ 1d 0% (nbe es) Jv 0¥ £19
% UMM DY) ‘SIOY 9T I0J VT %G T UM Jeanald uage[[oo 29 onse[d 104 L'09d S€ %0$ 1A 1)EAN
urw g 10§ INd %1 ocav
s Jeanoxd uayy “XH uodl yim ureysard uoejoo 29 sa1poq AIO[[BA 10 S0 HD 001 INZO'0 IDH anboy
G¢ [0S s;euun)
0 (nbe jes) 4V 0¥ £19
UIW O] 10J Ld % Y 180121d ude[[0d %9 o1se[d 10 L0494 € %0S WH Tuiseq
100 D0
OV %I ur gy €00 Hd pIeppoD
%¥0°0 yim urejs jsod pue “XH uodr yim urejsord usSe[[od % o1se[d 10,4 L0'0 AH 1'0.Ld 001 MA 7 umbeq
"SIY 9-T N %S AQq pamoj[oj
‘U Og-G 10§ DV %[ Ul ZV % Yim jeenard uey) ‘urjAxojeway 10V
uoIr s)19310A\ pue 19zude], Yim uresord ude[joo 29 onse[d 10 I DN 001 MAd TIIOIA
G¢ [0S s;euun)
U 09-0€ 10§ INd %S UT v (nbe jes) gy or 1D
UL, “UIW G 10} DV %1 Ul ZV %10 Wim jeandid uoSe|[od 2 onsejo 104 L'09d $€ %0$ 1 TYseyoyy
"DIN yim paoejdar oq Aewr g1, 0 DO
ur O] 10§ Wd %1 U 1esnaid $T0dL 0% XO 00T MA sadn(
spudWwWo)) LEYN | [edruay) JUIA[OS JUBLIB A

uoy 9s1y paredord oq JuoAjos oyy Jey) pe3sad3ns st 3 ‘Sweld ur oIe SpIjos
JIOJ SIUN [[8 Pue ‘SONI[I[[IW UI 318 SPIN[J I0J USAIS S)Iun [ Mo[aq Meyd Y} uf
spoyau 1YIQ

‘poy10ads aq Aew sdoys Surure)s
IOUJO S UWN[Od SIUAUIOD Y} 0) uonuope Jemnonted Aed "pappe 2q uay)
Kewr paxmbar are yorym suonnjos apewr-a1d I9YQ I} UL POAJOSSIP SPI[OS U}

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig



ve

‘proe o_._o_Q uey} >__mm® alow wmbo_me oum._o_Q wniuowwe [9JoN ‘|oueyls 9%G6 W Q| PPY 6 20 oum._o_Q wuwy 6 80 qw 06 Uiyl
610 Jes w001 uablropm

6500 Jes w00k uosaI9 ueA

|0J80AI9 W Q1. PUB PO DUHU W G°0 PPY 6sz0 Jes Jw 06 euun

6eLo ‘Jes qw 00l uosdwoy]

"pioe ook (sdoip G) W G0'0 PPY 6GL0 Jes w00k Jayeyss

Jajem pajiusip yum pioe ouoid “snoenbe -es Bunniip Aq axen 650 Jes Jw 0§ Jw 0§ Jaysewyo

"PIOE DUOJY20IPAY TW GZ'0 PPY 610 61 Jw 00} aln

"pIoe 0)Boe W £°0 PPY 610 Jes Jw 86 uasuey

W Q) uIsyony poY %l “Jw 0§ OFH ISIA “TW Of PIOE OUdId JES UNM Spe 610 650 w00k a4
sjuaWIWoY JBYJ0 | uIsysng proy pIoy oudld | J93eM pa|IBsIa Jueep

(ps61 AeID)

8002 /BN — pUue[Susanyd 'eipunojen)— suiejs aliolyol] — UAjjoma) ] Ueiig

SjuBLIBA UISYINJ-0.091J

¢ xipuaddy




Bryan Llewellyn — Trichrome stains —Caloundra, Queensland — May, 2008

References

Baker, J.R., (1958). Principles of biological
microtechnique. pp. 327., Methuen, London.

Dawes, R. L. F., (1972), A simple connective tissue
stain suitable for foetuses and endocrine organs.
Medical Laboratory Technology, v. 29, N° 1, p.27.

Gray, Peter. (1954) The Microtomist's Formulary
and Guide. Originally published by The Blakiston
Co. Republished by Robert E. Krieger Publishing Co.

Horobin, R. W., and Kiernan, J.A., (2002). Conn’s
Biological Stains, 10 ed., Biological Stain
Commission BIOS, Scientific Publishers, Oxford,
UK

International Labor Organization OH&S
Information Centre.

Ethylene glycol monoethyl ether.
http://www.ilo.org/public/english/protection/safewor
k/cis/products/icsc/dtasht/ _icsc00/icsc0060.htm

Lendrum, A. C., et. al. (1962). Studies on the
character and staining of fibrin. Journal of clinical
pathology, v. 15, p. 401.

Lendrum, A.C., Slidders, W. and Fraser, S.,
(1972). Renal hyalin: A study of amyloidosis and
diabetic fibrinous vasculosis with new staining
methods., Journal of Clinical Pathology, v 25, p. 373

Shoobridge, Michael P. K., (1983). A4 new principle
in polychrome staining: A system of automated
staining, complementary to hematoxylin and eosin,
and usable as a research tool. Stain Technology, v
58, p. 245.

Slidders, W. J., (1961). Journal of Pathology and
Bacteriology, v. 82, p. 532

Squire, P. W., (1892). Methods and formulae used
in the preparation of animal and vegetable tissue for
microscopic examination. London, Churchill. As
quoted by Gray, P., (1954), The Microtomists
Formulary and Guide.

25



