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To study the composition of asbestos body coating, asbestos particles present in experimental
carrageenin granulomas were tested histochemically for mucopolysaccharides, ferric and
ferrous iron, haemoglobin, and haematoidin. The stains were applied on microscopical
sections both untreated and treated with iron-extracting solutions and/or enzymes. The
results indicate that asbestos is rapidly coated with haematoidin, ferric iron, and
hyaluronic acid.

The asbestos body has been known for a long time
to be coated by iron and proteins (Gloyne, 1932;
Beger, 1933; Sundius and Bygden, 1937). Moreover,
recent histochemical observations (Governa and
Rosanda, 1972) indicate that hyaluronic acid is
present in the internal layers of the bodies, while
ferric iron is present in the external ones.

Nevertheless asbestos bodies treated first with
iron-extracting solutions and then with testicular
hyaluronidase were still coated with a material
which did not react with toluidine blue at a pH
range of 2-0 to 3 0 (Governa and Rosanda, 1972).
The composition of the asbestos body coating

might be made clear by studying the substances sur-
rounding asbestos just introduced into tissues. We
undertook, therefore, a histological study of
granulomas due to carrageenin, into which asbestos
fibres had been introduced.

In order to verify the view (Davis, 1970a and b)
that asbestos fibres were first coated with acid
mucopolysaccharides which then became impreg-
nated with iron, the relationship between asbestos
fibres and the mucopolysaccharides of the con-
nective ground substance has been especially
examined. The carrageenin granuloma was chosen as
it is rich in interstitial mucopolysaccharides (Jackson,
1956; Williams, 1957; Prodi and Romeo, 1967).
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Other substances have also been tested to see
whether they are present on asbestos fibres.

Materials

Asbestos dust
P 600, a commercially available asbestos dust (SocietA
Amiantifera Balangero, Balangero, Torino, Italy) was
used. This contains chrysotile fibres, 0-01 to 0 3 mm long
and 0-001 to 0-02 mm in diameter.

Carrageenin
Irish Moss (Nutritional Biochemicals Corporation,
Cleveland, Ohio, 44128, USA, cod. 4565) was used.

Animals
Guinea-pigs of both sexes were used throughout; their
weights ranged from 600 to 800 g.

Methods

Production of carrageenin granulomas and preparation of
tissues and sections
Under open ether anaesthesia each animal was injected
subcutaneously on both sides of the lower abdominal
wall, on the right with 2 ml of a 1 % solution of car-
rageenin in 0-9% NaCl and on the left with 2 ml of the
same solution in which 10 mg of asbestos had been
suspended. Three animals were killed every other day
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from the third until the twenty-first day after the
injections, and whole-thickness slices of the abdominal
wall were taken for histological sectioning. The tissues
were fixed in 10% formol saline, processed through
ethanol and benzene, and embedded in paraffin. A series
of representative 5 micron sections was cut.

Histochemical methods
The following staining techniques were applied.

Iron techniques Perls and Turnbull reactions were used to
demonstrate ferric and ferrous iron.

Mucopolysaccharide techniques Periodic acid Schiff
(PAS); toluidine blue at pH range 1-3; fresh I % Alcian
blue 8GX in 3% acetic acid pH 2-4 with the addition of
0 1, 0-2, 0 5, 0-6, 0-8, and 1-0 mol/l MgCl2.

Haemoglobin techniques The Dunn-Thompson and
Okajima methods were used.

Haematoidin techniques The azocoupling reaction at
pH 2-3 with diazotate safranin 0 at a concentration of
l mmol for haematoidin, according to Lillie and Pizzolato
(1969a), was carried out. The acetic haematoxylin staining
after mordanting with CrO3 (Lillie and Pizzolato, 1969b)
was also used; but more consistent results were obtained
with the azocoupling reaction, background staining
being very faint or absent at a I mmol concentration of
safranin 0 at pH 2-3.

Additional procedures were carried out to evaluate
further the histochemical properties of the tissues.

Iron extraction was performed by means of an over-
night (about 14 hours) bath in 5% oxalic acid or a five-
minute bath in I % sodium dithionite in 0-1 mol/l acetate
buffer, pH 4-5 (Lillie, Geer, and Gutierrez, 1963).

Enzymatic digestion with testicular hyaluronidase
(Jalovis, Vister Casatenovo Brianza, Como, Italy), 15
units/ml in 0-1 mol/l Na-K phosphate buffer at pH 6-0
for 48 hours, at 37'C was performed.

Methylation (0-1 N hydrochloric acid in absolute
methanol for 2 hours at 60°C) was carried out, sometimes
followed by saponification (1% potassium hydroxide in
70% ethanol for 20 minutes at room temperature).

Enzymatic digestion with trypsin was performed
using 0-1% trypsin (Code 8214-53, Merck AG, Darm-
stadt, Germany) in 0-01 mol/l phosphate buffer at
pH 7-6 with 0-4% NaCI and 011% NaF for 30 to 180
minutes at 37°C.

Controls
The validity of the histochemical methods used for
mucopolysaccharides, i.e., PAS, toluidine blue, and
Alcian blue, on sections processed through oxalic acid or
sodium dithionite had already been assessed (Governa
and Rosanda, 1972), while those for haemoglobin and
haematoidin are now described. The erythrocytes present
in the tissues examined were used as a source of haemo-
globin. They still showed a haemoglobin positive reaction
after iron extraction. As a source of haematoidin,
microscopical sections of human haemorrhagic areas
containing extracellular yellowish-brown rhombic crystals
or amorphous granules not reacting to ferrocyanide were
used. These granules also appeared to be haematoidin

positive after iron extraction. In fact, Lillie and Pizzolato
(1969b) had already observed that pretreatment with
dithionite did not affect the ability of haematoidin to
stain with acetic haematoxylin after CrO3 oxidation.

Results

Reaction to carrageenin
On the third day after injection a very large exudate
was observed. There were many polymorph and
mononuclear leucocytes as well as red blood cells in
the serous fluid. On the fifth day new granulation
tissue was seen. It was very rich in cells and ground
substance. Numerous macrophages appeared inti-
mately mixed with fibroblasts. On the thirteenth
day the highly cellularized tissue contained both
macrophages and fibroblasts. There was a small
amount of ground substance, and a network of fine
reticulin fibrils surrounded the cells. On the fifteenth
day thicker collagen fibres appeared in the periph-
eral zone of the granuloma.
On the third day masses of carrageenin lay free

among the cells in the fluid exudate; only a small
part was ingested by mononuclear cells. On the
fifth day carrageenin was still abundant in the
connective ground substance but by the seventh to
ninth days the amount was less, and by the eleventh
day it had disappeared.

Behaviour of asbestos in fluid exudate
On the third day after injection asbestos bundles lay
free among the leucocytes and erythrocytes. There
were also a few isolated fibres, free or phagocytosed
by mononuclear cells. The asbestos bundles and
fibres were Turnbull, Perls, Dunn-Thompson, and
Okajima negative; they were unstained using both
techniques for haematoidin. Indeed, most of the
asbestos was unstained after PAS and toluidine
blue (Fig. 5); only very few asbestos bundles,
immersed in large masses of carrageenin, exhibited
the same PAS positivity and metachromatic staining
with toluidine blue as carrageenin itself. This
capacity to be metachromatically stained with
toluidine blue was also retained after treatment with
testicular hyaluronidase, whereas it was lost after
methylation and saponification.

Behaviour of asbestos in new granulation tissue
From the seventh to the fifteenth days many bundles
and isolated asbestos fibres were observed in the
ground substances of the connective tissue. From
that time on (day 17, 19, and 21) most asbestos
fibres were surrounded by large macrophages with
several nuclei, and many dust particles appeared to
have been phagocytosed.

Asbestos fibres in new granulation tissue have
been specially studied with histochemical methods.
Serial microscopical sections containing asbestos
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TABLE
HISTOCHEMICAL PROPERTIES OF ASBESTOS FIBRES IN CARRAGEENIN GRANULOMA IN EARLIEST STAGES

OF DEVELOPMENT

Acetic
Perls Turnbull PAS Toluidine Alcian Dunn- Okajima Diazotate haematoxylin

blue blue Thompson safranin 0 after CrO0

Untreated sections ±. - ±M ±* - _ ± ±
After iron extraction ±. _ ±M nd - - ± -
After testicular hyaluronidase ± - _ _ nd - - 4-
After trypsin ±..- -. iM nd - - ± ±
After iron extraction and tes-

ticular hyaluronidase . . _ _ nd - - ± ±
After iron extraction, testicu-

lar hyaluronidase, and
trypsin - .. - nd - l l ±

:--An. nokone; - = positiv,+ positive reaction; - negative reaction; ± some asbestos tibres stained; M metacnromasia;
reaction with 0 1, 0-2, and 0-5 mol/l; * negative reaction with 0-6, 0-8, and 1-0 mol/l MgCl2

were tested, a first group processed through iron-
extracting solution and/or enzymatic digestion and
a second unprocessed. The results are summarized
in the Table and described below.
No difference was observed between the asbestos

outside and inside the cells.
As it is much more difficult to find in tissues

asbestos fibres which have not reacted to the staining
processes employed we can only say that the amount
of stained asbestos was always very small compared
with that which did not react.
As regards the reactivity of asbestos in the

untreated sections, the fibres metachromatically
positive to toluidine blue (Figs 4 and 6) or Prussian
blue (Figs. 2 and 8) were more numerous than the
ones which showed a positive red-purple reaction
with diazotate safranin 0 (Figs 3 and 7) or a positive
violet reaction with acetic haematoxylin after CrO3.
After toluidine blue or Prussian blue treatment the
positive asbestos fibres appeared to be stained
differently. Some were uniformly stained, whereas
others were mottled. In serial microscopical sections
the same bundles of asbestos fibres which were
metachromatic with toluidine blue were also
observed to be Perls positive (compare Figs 4 and 6
with Figs 2 and 8). These findings have been con-
firmed by applying Perls stain on sections already
stained with toluidine blue. Asbestos fibres in which
Prussian blue positive areas appeared to be present
have been observed over areas metachromatically
stained with toluidine blue (Fig. 1).
The asbestos fibres which showed a positive red-

purple reaction to diazotate safranin 0 were also
positive to Perls stain and metachromatic toluidine
blue. This was observed by applying these stains on
serial sections. Compare Fig. 3, in which the bundles
of asbestos fibres are stained with diazotate safranin

0, with Figs 2 and 4, in which the same bundles are
stained with Prussian blue and toluidine blue
respectively. The same results were obtained by
applying Perls stain to sections already treated with
diazotate safranin 0: the haematoidin-positive
asbestos fibres changed from red-purple to violet.
The toluidine blue metachromasia was readily
abolished by methylation and restored by saponifi-
cation.
Some asbestos fibres were positive with Alcian

blue staining at 0-1, 0-2, and 05 mol/l MgCI2 but
were negative at 0-6, 0-8, and 10 mol/l MgCl2.
As regards the reactivity of asbestos in sections

treated with iron-extracting solutions and testicular
hyaluronidase the number of haematoidin-positive
bundles and fibres was higher than in the sections
untreated or treated with iron-extracting solution,
testicular hyaluronidase, and trypsin only.

Discussion

This experiment was undertaken to test whether
asbestos fibres placed in connective tissue are coated
with acid mucopolysaccharides and/or iron and
whether there is any relationship between the acid
mucopolysaccharides and the presence of iron.

Connective tissue in the earliest stages of develop-
ment of carrageenin granuloma was chosen as it is
very rich in mucopolysaccharides.

Stains for acid mucopolysaccharides were negative
in both asbestos fibres and connective tissue during
the polymorphonuclear leucocyte response. Part of
the asbestos became metachromatic to toluidine
blue dur;ng the formation of new connective tissue
in which the mucopolysaccharide stain was also
strongly positive.

Metachromatic reaction of asbestos fibres was not

noi = not done; - = positive
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FIG. 1. Subcutaneous tissues of guinea-pig abdominal
wall 11 days after injection of carrageenin and asbestos.
Double staining, first with toluidine blue at pH 3 and
then with Prussian blue. Asbestos bundles show Prussian
blue positive areas over areas metachromatically stained
with toluidine blue. Original magnification x 1 250.
FIG. 2. The same field as in Fig. 4. Asbestos bundles
show a positive reaction to Prussian blue. Original
magnification x 1 250.
FIG. 3. The same field as in Figs 2 and 4. Diazotate
safranin 0 at pH 2-3. Asbestos bundles show a weak
positive red-purple reaction. Original magnification x

1 250.
FIG. 4. Subcutaneous tissues of guinea-pig abdominal
wall 19 days after injection of carrageenin and asbestos.
Toluidine blue at pH3. Asbestos bundles phagocytosed
by a macrophage show metachromatic staining ofreddish-
violet colour. Original magnification x 1 250.

FIG. 5. Subcutaneous tissues of guinea-pig abdominal
wall three days after injection of carrageenin and asbestos.
Toluidine blue at pH 3. In middle of picture asbestos
bundles appear unstained among fluid exudate. Original
magnification x 500.
FIG. 6. Subcutaneous tissues of guinea-pig abdominal
wall nine days after injection of carrageenin and asbestos.
Toluidine blue at pH 3. Asbestos bundles in new granu-
lation tissue show metachromatic staining of reddish-
violet colour. Original magnification x 500.
FIG. 7. Subcutaneous tissues of guinea-pig abdominal
wall 13 days after injection of carrageenin and asbestos.
Diazotate safranin 0 at pH 2-3. Asbestos bundles show
a positive red-purple reaction. Original magnification x
1 250.
FIG. 8. The same field as in Fig. 6. Asbestos bundles
show a positive reaction to Prussian blue. Original
magnification x 500.
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seen in sections exposed to testicular hyaluronidase
or treated with methanol-HCI; after methylation
metachromasia was restored by saponification.
Some asbestos fibres were positive to Alcian blue

at low concentrations of magnesium chloride (01 to
0 5 mol/l) but became negative at higher con-
centrations (0-6 to 10 mol/l).
The metachromatic extracellular connective sub-

stances of carrageenin granuloma behaved in the
same way after treatment with hyaluronidase or
methanol, while the metachromasia of carrageenin
was not affected by these treatments.
Thus the toluidine blue metachromasia which

appeared on some asbestos fibres seems to be due to
the presence of acid mucopolysaccharides and
especially hyaluronic acid.
Some of the asbestos fibres were also Perls

positive. There was no reaction when the sections
were exposed to sodium dithionite or oxalic acid, so
that the Prussian blue which was observed on the
asbestos fibres seems to have been due to the presence
of ferric iron.

Finally, some of the asbestos fibres were haema-
toidin-positive, appearing red-purple after staining
with diazotate safranin 0. The reaction was similar
to that of the control haematoidin. Staining of
background tissue proteins was either absent or very
faint. There was a positive reaction when the sections
were exposed to tryptic digestion to avoid possible
interference by proteins. The histochemical method
used is able to demonstrate the presence of bile
pigments as well as haematoidin, the latter being
very similar to or identical with bilirubin. Neverthe-
less, the positive reaction which was observed in
asbestos fibres stained with diazotate safranin 0
seems to have been due to the presence of haema-
toidin rather than bile pigments. In fact asbestos
fibres introduced into the tissues had come into
contact with extensive haemorrhagic areas.

It was noted that the asbestos fibres which were
positive to haematoidin also showed a toluidine blue
metachromasia and were positive to Perls stain.
This could be explained in two ways: either there is
a mixture of ferric iron, hyaluronic acid, and
haematoidin on the asbestos fibres, or there are
distinct layers, the outer ones so thin that the interior
ones could still react positively. The experiments
carried out with iron-removing solutions and tes-

ticular hyaluronidase do not seem to have solved the
question of the relationship of ferric iron to
hyaluronic acid. Instead they seem to suggest that
the interior layer consists of haematoidin. In fact
the presence of ferric iron and hyaluronic acid
masked the reactivity of some asbestos fibres tested
with diazotate safranin 0.

Asbestos introduced into tissue seems to be
quickly coated with haematoidin and hyaluronic
acid; ferric iron particles have also been observed
closely apposed to asbestos.
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