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Hydrogen peroxide release and hydroxyl radical
formation in mixtures containing mineral fibres and
human neutrophils

Per Leanderson, Christer Tagesson

Abstract
The ability of different mineral fibres (rock
wool, glass wool, ceramic fibres, chrysotile A,
chrysotile B, amosite, crocidolite, anto-
phyllite, erionite, and wollastonite) to
stimulate hydrogen peroxide (H2O2) and
hydroxyl radical (OH') formation in mixtures
containing human polymorphonuclear
leucocytes (PMNLs) was investigated. In the
presence of azide, all the fibres caused con-
siderable H,O, formation, and about twice as
much H202 was found in mixtures with the
natural fibres (asbestos, erionite, and wollas-
tonite) than in mixtures with the manmade
fibres (rock wool, glass wool, and ceramic
fibres). In the presence ofexternallyadded iron,
all the fibres were found to generate OH and
the natural fibres caused about three times
moreOH formation than the manmade fibres.
In the absence of external iron, there was less
OH' formation; however, amosite, crocidolite,
antophyllite, erionite, and wollastonite still
generated considerable amounts of OH', also
under circumstances in which only small
amounts of OH' were produced in mixtures
with the manmade fibres. These findings
indicate that natural fibres generate more H202
and OH than manmade fibres when incubated
with PMNLs in the presence of external iron.
They also suggest that the natural fibres,
amosite, crocidolite, antophyllite, erionite,
and wollastonite may act catalytically in the
dissociation of H202 to OH' in the absence of
external iron, whereas manmade fibres such as
rock wool, glass wool, and ceramic fibres, do not
seem to be able to generate OH' in the absence
of external iron.

(British Journal of Industrial Medicine 1992;49:745-749)

A number of recent findings support the hypothesis
that reactive oxygen metabolites play an important
part in the toxic effects of asbestos and other mineral
fibres.' For example, asbestos has been shown to
catalyse the dissociation of H,O, to OH, and OH
formation has also been found in aqueous buffers
containing asbestos without H,0,.3 In these two
studies, iron was considered important for catalytic
activity in generation ofOH'. Exposure ofthe murine
fibroblast cell line,C3H lOT /2 to crocidolite fibres has
been shown to induce both lipid peroxidation and
DNA strand breaks, both of which were attenuated
after the fibres had been pretreated with the iron
chelator, desferrioxamine, which makes the iron
catalytically inactive.4 It was thus concluded that iron
mediated damage to cells could be an important
mechanism in pathogenicity of asbestos.

Reactive oxygen metabolites can be generated by
stimulated PMNLs, and mineral fibres can stimulate
PMNLs to generate large amounts ofreactive oxygen
metabolites. This has previously been shown with
chemoluminesence techniques." We recently used
deoxyguanosine (dG) to trap OH generated by
human PMNLs activated with the tumour promoter,
phorbol myristate acetate, in the presence ofchelated
iron (Fe(III)-EDTA).7 In this system the generated
OH' reacts with dG under the formation of
8-hydroxydeoxyguanosine (8OHdG), which is
analysed using high performance liquid chromato-
graphy.' In the present study, we have used de-
oxyguanosine as a trapping agent to detect formation
of OH' after stimulation of PMNLs with different
mineral fibres. We have also measured the H,O,
formation after treatment of human PMNLs with
different types of mineral fibres, and investigated if
certain mineral fibres may act as electron donators
and catalyse the dissociation of H,O0 to OH' without
the need of Fe(III)-EDTA.

Materials and methods
MATERIALS
Asbestos (IUCC standard fibres), wollastonite, and
erionite fibres were kindly provided by Dr Henri
Pezerat, Laboratoire De Reactivite de Surface et
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Structure, Universite P et M Curie, Paris, France.
The rock wool and glass wool samples were kind gifts
from Mr Ingemar Ohberg, Rockwool AB, Skovde,
Sweden, and the ceramic fibre (Kerlane R) was kindly
provided by Mr Sigurd Granberg, Bolin & Lofgren
AB, Lidkoping, Sweden. Rockwool I contained more
iron than rock wool II. Figure 1 shows scanning
electron micrographs of the different fibres.

2'-Deoxyguanosine was purchased from Serva
Feinbiochemica GMBH, Heidelberg, Germany. 8-
Hydroxydeoxyguanosine was synthesised in our
laboratory according to a method described by Kasai
and Nishimura.9 Iron(III)chloride and EDTA (dis-
odium) were from Merck, Darmstadt, Germany, and
Ficoll-Hypaque from Flow Laboratories, Rickmans-
worth, England. Scopoletin and sodium azide were

from Sigma, St Louis, USA and horse radish perox-
idase (HRP) was from Boehringer Mannheim, Ger-
many. Phosphate buffered saline (PBS) was prepared
in our own laboratory and contained 137 mM NaCl,
2 7 mM KC1, 8 1 mM Na,HPO4, 1 15 mM KH,PO4,
pH 7 4 (PBS I); PBS II was similar to PBS I but also
contained 0 90 mM CaCl, and 0 49 mM MgCl,.
Deoxyguanosine was diluted with PBS II to a

10 mM stock solution and stored at - 200C until use.

The EDTA was prepared as a 20 mM solution in
distilled water and the pH was adjusted to 7 4 with
sodium hydroxide. Just before use, 2-7 mg iron(III)-
chloride was dissolved in 1 ml 20 mMEDTA result-
ing in a 10 mM Fe(III) solution with an Fe(III)-
EDTA ratio of 1: 2.

Neutrophils were isolated from venous blood as

described elsewhere.7

EXPERIMENTAL STUDIES
The rock wool, glass wool, and ceramic fibre were

crushed for one minute in an agate mortar not more
than 15 minutes before the experiments. All fibres
were suspended in PBS II to give a 2 mg/ml stock
solution immediately before the mixing with
PMNLs. Reaction mixtures for studying H202 for-
mation contained 100 pl cell suspension (500 000
cells), 50 pl fibre suspension (2 mg/ml), and 100 p1

5 mM sodium azide, all dissolved in PBS II to a final
volume of 500 pl. Reaction mixtures for studying
OH formation contained 50 Ml 10 mM dG, 100 pl
cell suspension containing 500 000 PMNLs, fibres
(50-1000 pg/ml) with or without 5 ul 10 mM iron-
EDTA, and 100 p1 5 mM sodium azide in PBS II
(total volume 500 pl). Mixtures were incubated in
1-5 ml Eppendorf tubes placed in a slow rotator in
darkness at 370C. After 20 minutes ofincubation, the
reaction was stopped by two minutes centrifugation
at 14 000 g at 40C in an Eppendorf Centrifuge 5402,
and H202 or 8OHdG was analysed as described next.

ANALYSIS
Hydrogen peroxide was analysed with a modified
version of the method described by Corbett.'0 After
centrifugation, 300 M1 of the supernatant was collec-
ted and mixed with 100 MI 0-2 M sodium acetate
containing 1 mM EDTA, 25 p1 50 MM scopoletin,
and 25 pi HRP (50 Units/ml). After five minutes at
room temperature in subdued light, the reaction was
stopped by addition of 250 p1 0-3 M potassium
borate, pH 10. Fluorescence measurements were
carried out on a Perkin Elmer 3000 fluorescence
spectrophotometer with excitation and emission
wavelengths of 395 and 470 nm respectively. The
standard curve was linear up to 5 pM H,02.
Measurement of8OHdG was by high performance

liquid chromatography and electrochemical detec-
tion as originally described by Floyd et al.8 The
equipment has been described elsewhere."
The results presented represent the mean (SD) of

at least three different experiments.

Results
Table 1 shows the formation of H,02 in mixtures of
PMNLs and different fibres. Both manmade and
natural fibres caused a substantial formation and
release of H202 into the medium, but the natural
fibres generally released more H202 (0-39-0-81 nmol)
than the manmade fibres (0 07-0431 nmol). No H202
could be detected in the absence of sodium azide.

Figure 2 shows the formation of 8OHdG in
mixtures containing fibres,PMNLs, Fe(I II)-EDTA,
azide, and dG. Both manmade mineral fibres and
natural mineral fibres stimulated generation of
8OHdG in a dose dependent manner, but the asbes-
tos fibres, wollastonite, and erionite were more active
than the manmade mineral fibres.
Table 2 shows the formation of 8OHdG in mix-

tures containing fibres (200 pg/ml), PMNL, and dG,
with or without Fe(III)-EDTA. In mixtures con-
taining Fe(III)-EDTA supplemented with azide, the

Table I Formation ofH202 in mixtures containing PMNLs
and different mineralfibres

H202formation (nmol)

Fibre type Mean (SD)

Rock wool I 0-20 (0-15)
Rock wool II 0-31 (0 08)
Glass wool 0-29 (0 10)
Ceramic fibre 0-07 (0-05)
Chrysotile A 0-44 (0-12)
Chrysotile B 0-43 (0-07)
Amosite 0 59 (0-08)
Crocidolite 0-46 (0-07)
Antophyllite 0 81 (0-13)
Erionite 0-39 (0-15)
Wollastonite 0-54 (0-11)

The generation of H202 in mixtures without fibres was less than
0-05 nmol. Values are from three experiments.
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Figure 2 Formation of8OHdG in mixtures containing
PMNLs, dG, Fe(III)-EDTA and differentfibres: Rock wool
I (a), rock wool II (b),glass wool (c), ceramic fibre (d),
chrysotile A (e), chrysotile B (f), amosite (g), crocidolite
(h), antophyllite (i), and erionite (j). Each point is the
mean of three experiments.

natural fibres produced 2 8-21 pmol 8OHdG/10'
PMNLs compared with 0 7-5 pmol 8OHdG/10'
PMNLs in mixtures containing manmade mineral
fibres. Without addition of azide the formation of
8OHdG was less in all the samples. In the absence of
chelated iron (table 2 right) the 8OHdG formation
was 0 2-0-4 pmol 8OHdG/10' PMNLs and 0-8-
2 8 pmol 8OHdG/105 PMNLs for the manmade and
natural fibres respectively. In the absence of both
chelated iron and azide the formation of8OHdG was

less prominent and only 0 1-0-2 and 0-8-1 7 pmol
8OHdG/10' PMNLs was produced in mixtures
containing manmade mineral fibres and natural fibres
respectively.

Discussion
Exposure to asbestos and asbestiform fibres is
associated with asbestosis, mesothelioma, and lung
cancer.'2 Also synthetic fibres such as rock wool, glass
wool, and ceramic fibres have been found to be
carcinogenic in animal studies'3 and large
epidemiological studies have shown that workers in
the rock wool and glass wool manufacturing industry
have an increased risk of developing lung cancer.'4 In
the past years, much attention has been drawn to the
role of reactive oxygen metabolites in the toxic and
carcinogenic potential of mineral fibres.' Reactive
oxygen metabolites are known to be generated both
by fibres alone7"' and by inflammatory cells such as

PMNLs that accumulate in the lung after exposure to
fibres. The association of inflammation with a variety
of epithelial malignancies has been known for a long
time and the role of PMNL generated oxidants in
carcinogenesis is now generally acknowledged.'6
Oxidants derived from PMNLs are able to damage
DNA in neighbouring cells in vitro'7 and have also
been shown to generate malignant transformation in
animals.'8 Also, H,O, has been found to be mutagenic
to cultured cells'920 and to cause squamous meta-
plasia in hamster tracheal explants.2' Superoxide
anions and H202 in concentrations present
physiologically in the vicinity ofactivated phagocytes
have recently also been found to increase the activity
of ornithine decarboxylase in hamster tracheal
explants and it was concluded that H202 may play an

important part in proliferation of respiratory epith-
elial cells by altering the regulation ofthe gene coding
for ornitine decarboxylase.22
The aim of the present study was to investigate if

mineral fibres can stimulate PMNLs to release H202
and act as catalysts in the formation ofOH'. All fibres
investigated stimulated PMNLs to release H202,
which could be detected in the presence of azide
(table 1). Formation of OH was demonstrated in
mixtures ofPMNLs and fibres when Fe(III)-EDTA
was present (fig 2, table 2) and addition of azide to the

Table 2 Formation of8OHdG in mixtures containing PMNLs, dG, and different mineralfibres

8OHdG*

+Fe(III)-EDTA -Fe(III)-EDTA

+ azide - azide + azide - azide
Fibre Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Rock wool I 2-0 (0 6) 1-2 (0-1) 0-2 (0-1) 0-2 (0-3)
Rock wool II 2-4 (0 8) 1-4 (0 4) 0 4 (0-4) 0 1(0 4)
Glass wool 5-0 (2-8) 2-9 (1-4) 0-2 (0-1) 0-1 (0-1)
Ceramic fibre 0 7 (0 4) 0-6 (0-4) 0-3 (0-1) 0-2 (0-1)
Chrysotile A 2-8 (0 1) 2-5 (0-1) 0-8 (0 2) 0 7 (0 2)
Chrysotile B 4-6 (0-7) 2-6 (0-1) 1-3 (0-1) 0-5 (0 3)
Amosite 4-6(04) 2-5(03) 1-1(0-1) 1-1(0-1)
Crocidolite 6-3 (0-4) 3-5 (0-1) 1-5 (0-1) 0-8 (0-2)
Antophyllite 21-0 (0 7) 13-0 (0 4) 2-8 (0 3) 1-0 (0 3)
Erionite 7-1 (0 6) 2-5 (0 2) 1 0 (0 2) 1 0 (0 2)
Wollastonite 6-2 (0-6) 3-4 (0-1) 1-3 (0 4) 1-7 (0-4)

*Forration of8OHdG (pmol/105 PMNL). Values are from three experiments.
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reaction mixtures increased the formation of OH
(table 2). This was probably due to inhibition of
myeloperoxidase, which has been found to decrease
the formation of OH' in similar experimental sys-
tems.2324 A considerable decrease in OH' formation
was found in fibre PMNL mixtures without Fe(III)-
EDTA (table 2, right). There was little formation of
OH' in mixtures with manmade mineral fibres,
indicating that these fibres themselves are unable to
catalyse the dissociation of H202 to OH in mixtures
containing PMNLs. By contrast, the OH formation
in mixtures with asbestos, erionite, and wollastonite
indicate that these natural mineral fibres are able to
catalyse OH' formation in vitro, both in the absence
and presence of azide. The iron content, which has
been shown to be important for the biochemical and
biological effects ofasbestos in other studies,25 did not
affect the formation of OH' in this experimental
system. Thus fibres containing iron, such as

crocidolite, amosite, antophyllite, and rock wool, did
not generate more OH than did erionite, wollaston-
ite chrysotile, glass wool, and ceramic fibres, which
contain only trace amounts of iron.
The risk of developing lung fibrosis, lung cancer,

and mesothelioma during occupational exposures to
most manmade mineral fibres is considered low,26
whereas asbestos fibres and asbestiform fibres like
erionite are associated with higher risks ofdeveloping
cancer or fibrosis. 12 It is possible that these diseases, at
least in part, are due to inflammatory reactions and
subsequent formation of reactive oxygen metabolites
close to the epithelial or mesothelial cells. Exposure
of the lung to mineral fibres results in a rapid increase
in the number of PMNLs27 and one might speculate
that fibres that can both increase the formation of
H202 and catalyse the dissociation of H202 to OH-
would be more hazardous than other more inert
fibres. This study indicates that some natural fibres
are able to catalyse OH' formation in an experimental
in vitro system containing PMNLs. This may
increase their toxic effects and could be important
both for malignant and non-malignant respiratory
disorders, such as pleural plaque and fibrosis, which
are all associated with fibre induced inflammation.
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