
Introduction

Asbestos exposure leads to asbestosis and to the devel-
opment of pleural plaques; it also increases the risk of
mesothelioma and lung cancer.  It would be of utmost
importance to better understand the relations between
benign pleural diseases and the risk of mesothelioma and
lung cancer.  There are no markers routinely available to
measure the activity and prognosis of asbestos-induced
diseases, and there is no accepted treatment for them.  

Current evidence suggests a role for reactive oxygen
species (ROS) in the pathogenesis of asbestos-induced
diseases.  Asbestos can cause oxidative damage to the
lungs directly, through hydroxyl radical formation via the

Haber-Weiss reaction with fiber surface iron, and indi-
rectly through recruitment and activation of ROS-pro-
ducing inflammatory cells, such as macrophages1).
Mesothelial cells and lung fibroblasts, to a lesser extent,
are also able to generate ROS species in response to
asbestos2, 3).

Oxidative stress can be quantified in a biologic speci-
men by measuring the products of the effects of oxida-
tive stress.  An increase in the exhaled breath condensate
(EBC) of 8-isoprostane, a stable prostaglandin-F2-like
compound, originating from a major pathway of arachi-
donic acid disposition, indicates that there is an ongoing
lipid peroxidation that is incompletely suppressed by
antioxidant defenses4).  EBC examination appears to be a
simple and non-invasive method to study lower respira-
tory tract events in vivo5).  EBC contains several bio-
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11st Medical Faculty, Department of Occupational Medicine, Charles University of Prague, Na Bojišti 1, 120
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markers of inflammation and oxidative stress, and col-
lection can be repeated several times without any adverse
effects, even in children6) or severely ill patients.  8-iso-
prostane has been observed to increase in the EBC of
patients with idiopathic pulmonary fibrosis7) and in our
limited study with asbestos exposed subjects8); it was
recently confirmed in 15 patients with asbestosis, in par-
allel with the inflammation marker, alveolar nitric oxide
concentration9).

Because the effect of recent smoking, another source
of reactive oxygen species on the concentrations of 8-iso-
prostane on breath condensate has been described5), coti-
nine, a metabolite of nicotine in the urine and a tobacco
smoke biomarker10) was also analyzed in our study to
eliminate this possible influence.  On the other hand,
antioxidants and free-radical scavengers, such as vitamin
C and E, can act as defenses against free-radical-mediat-
ed oxidative damage4).

Methods

Subjects and sampling
A total of 92 subjects were examined –46 women and

46 men.  Data on the asbestos-exposed subjects and con-
trols are given in Table 1.

The asbestos-exposed subjects came to the Department
of Occupational Medicine for regular follow-up due to
their past exposure.  An estimate of asbestos fiber-years
was calculated according to Hagemeyer et al.11), based on
workplace measurements and duration of exposure in
years.  Classification of the estimated cumulative fiber
dust dose in three fiber-year classes yielded the follow-
ing distribution: 58 (nearly 63%) subjects were classified
in fiber-year class III (100 and more fiber-years), 18
(20%) in fiber class II (25–99 fiber-years) and 16 (17%)
in fiber class I (<25 fiber-years).  Median asbestos fiber-
years amounted to 147.5 (in the range of 6–1150).  

Workers were employed for a mean 24.1 ± 2.0 yr in
three asbestos manufacturing plants (using about 95%

chrysotile and 5% crocidolite), mostly in the production
of asbestos insulation and textile materials, asbestos-
cement roofing, and pipe.  The median beginning was in
1964, with median ending in 1990.  Median latency time
since the first year of work was 41.0 yr, median latency
since the end of exposure was 15.0 yr.  

The control group was represented by 46 subjects (23
men and 23 women), employed as hospital technical
workers (gatekeepers, adjuncts and helpers, hospital mail-
men, etc.) without occupational exposure to asbestos but
with a lifestyle similar to the asbestos-exposed group.
They did not differ in age, sex or factors potentially influ-
encing oxidative stress, such as smoking and alcohol con-
sumption, from the subjects in the exposed group
(Table 1).  

Informed consent was obtained from each participant
prior to taking blood samples for erythrocyte sedimenta-
tion (ESR), rheumatoid factor, α1-antitrypsin, and α1-
microglobulin, which were measured by standard labora-
tory methods.  Clinical and laboratory data (including
cholesterol, triglycerides, liver enzymes and bilirubin in
blood) were collected to search for factors potentially
influencing oxidative stress.  

Lung functions were measured using a body plethys-
mograph (Jaeger, Germany).  Chest radiography, con-
ducted in all asbestos-exposed subjects, revealed findings
in the range of s0-u312).  Asbestosis with pleural plaques
was seen in 47 (51.1%) patients.  Profusion of irregular
opacities in this group was classified as grade 1 in 25
subjects (i.e. 53.2%), as grade 2 in 17 subjects (i.e.
36.2%), and as grade 3 in 5 subjects (i.e. 10.6%).
Asbestosis only was found in 9 (9.8%) subjects, among
them 7 subjects with profusion of irregular opacities
grade 1 (77.8%) and 2 subjects (22.2%) with profusion
grade 2.  Pleural changes only were found in 23 (25.0%)
subjects.  Normal findings were observed in 13, i.e. 14.1%
subjects.  HRCT was performed in selected patients (53
subjects, i.e. about 58%) when a more exact picture was
needed for the classification and compensation of the
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Table 1.   Characteristics of subjects exposed to asbestos and controls 

Asbestos-exposed, n=92 Controls, n=46

Mean ± CI Range Mean ± CI Range p exact

Age 68.8 ± 1.7 48–91 65.2 ± 3.3 51–85 0.133 

Cigarette Pack-years 14.7 ± 4.5 0–96 10.5 ± 4.8 0–50 0.115 

Alcohol ml/wk 99.1 ± 28.8 0–700 111 ± 63 0–1,050 0.693

Notes: CI — confidence interval of the arithmetic mean is calculated as follows: 

where s is calculated SD, t0.05;n–1 t-coefficient on the level of significance 0.05 and n is
number of results involved in the computation. 



occupational disease.  The study was carried out accord-
ing to the Helsinki Declaration and approved by the uni-
versity ethics committee.  

The smokers in our study were restricted from smok-
ing at least 2 h before collection of breath condensate.  In
addition, nicotine metabolite cotinine in the urine was
measured to verify the non-smoking category.

EBC samples were collected using the EcoScreen
(Jaeger, Germany).  Each subject was asked to breathe
through the collection kit for 15 min, with more than 2 ml
of EBC collected.  Samples were immediately frozen after
collection (–80˚C) and stored for a period not exceeding
1 month.  Contamination of saliva in the EBC was exclud-
ed by the colorimetric detection of α-amylase (α-
Amylase-Liquid BIO-LA-TEST kit, Pliva-Lachema,
Czech Republic).

Analytical methods
8-isoprostane in EBC was analyzed after immunoaffin-

ity separation using LC-ESI-MS (liquid chromatography
—electrospray ionization— mass spectrometry), where
the multiple reaction monitoring (MRM) mode was used
for its extremely high degree of selectivity, and stable-
isotope-dilution assay for its high precision of quantifica-
tion13).  The limit of detection (LOD) for 8-isoprostane
was determined to be 1 pg/ml, and the limit of quantifi-
cation (LOQ) 5 pg/ml; recovery was 84% and precision

was statistically evaluated as 8%.  
Cotinine in the urine was determined by gas chro-

matography/mass spectrometry (SIM mode). 

Statistical analysis
Student’s t-test (for equal variances and for equal

means), F-test, ANOVA, χ2 and linear regression (corre-
lation coefficient) methods were used for statistical com-
parison of the groups.  

Results

8-isoprostane, ESR 1.H, ESR 2.H, α1-microglobulin
and α1-antitrypsin were higher in the asbestos-exposed
than in the control group (Table 2).  Moreover, α1-antit-
rypsin was positively correlated with 8-isoprostane
(p=0.04).  Positivity of rheumatoid factor (above
25 IU/ml) was more frequent in exposed than controls
(20.7% and 4.4%, respectively, p=0.0119).

Several lung function parameters were lower in
exposed subjects than in the controls, as can be seen in
Table 2.  There was not a significant difference between
exposed men and women in the 8-isoprostane level
(70.3 ± 9.8 vs. 68.7 ± 9.3 pg/ml, p=0.813).  No correla-
tion for 8-isoprostane was found with asbestos fiber-years
and latency since first or last exposure until this study.

In both asbestos-exposed and control subjects, 8-iso-
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Table 2.   Comparison of laboratory findings and lung functions in asbestos-
exposed and controls

Group Asbestos-exposed Control

Parameter Units Mean ± CI Mean ± CI p Exact

8-isoprostane pg/ml 69.5 ± 6.6 47.0 ± 7.8 0.0001

ESR 1.H mm 24.8 ± 4.0 12.2 ± 2.6 0.000011

ESR 2.H mm 39.6 ± 4.9 24.7 ± 4.5 0.000011

α1-antitrypsin g/l 1.580 ± 0.06 1.42 ± 0.10 0.001

α1-microglobulin mg/l 10.8 ± 2.2 6.9 ± 2.2 0.014

PEF % pred 102.6 ± 5.7 110.0 ± 7.6 0.134   

FVC % pred 100.4 ± 4.7 110.0 ± 5.4 0.014

FEV1 % pred 99.7 ± 5.0 109.7 ± 6.1 0.018

MEF 25–75 % pred 73.8 ± 6.7 91.4 ± 14.2 0.012

TLC % pred 96.5 ± 3.3 103.6 ± 4.2 0.013

RV/TLC % pred 43.2 ± 2.4 38.3 ± 2.8 0.016

TLCO % pred 73.4 ± 4.1 82.7 ± 4.8 0.006

Notes: CI — confidence interval of the arithmetic mean is calculated as follows:

where s is calculated SD, t0.05;n–1 t-coefficient on the level of significance 0.05
and n is number of results involved in the computation, pred - predicted, PEF -
peak expiratory flow, FVC - forced vital capacity, FEV1 - forced expiratory vol-
ume in 1 s, MEF 25–75 maximal expiratory flow rate at 25–75% of the vital capac-
ity, TLC - total lung capacity, RV - residual volume, TLCO - diffuse lung capac-
ity for carbon monoxide, ESR - erythrocytes sedimentation.



prostane did not correlate with daily alcohol consumption
or cigarettes/day.  In the controls, no effect of daily intake
of vitamins with antioxidant properties, such as vitamin
C and E on 8-isoprostane was observed.  Among the sub-
jects with asbestos exposure, only 19 subjects used vita-
mins daily, compared with 73 subjects who did not use
them daily.  Interestingly, in the group of subjects with
vitamin intake, the exposure to asbestos as expressed by
fiber-years was 1.5-fold higher.  However, the level of 8-
isoprostane was not higher in more-exposed subjects, on
the contrary, 53 ± 19 and 71.1 ± 7.9 pg/ml (p=0.088) was
measured in subjects with and without daily vitamin
intake, respectively.  

More detailed analysis of 8-isoprostane levels accord-
ing to the findings on chest radiographs is shown in Fig. 1.
As can be seen, only the differences between patients with
both asbestosis and hyalinosis (47 subjects) and controls
and between subjects with hyalinosis (23 subjects) and
controls were significant.  In addition, two patients with
lung cancer had a high level of 8-isoprostane.

The significant correlation of fiber-years was seen for
crepitation (p=0.000039), chronic cough (p=0.00066),
dyspnoea (p=0.0001) and history of tuberculosis of the
lungs (p=0.042).

Cigarette pack-years in asbestos-exposed subjects were
associated with a decrease of FEV1%, FEV1 and TLCO
(p=0.0012, 0.0009, and 0.0009, respectively), and in the
controls of FEV1%, FEV1/FVC, and MEF25-75
(p=0.036, 0.036, and 0.049, respectively).  

Cotinine in the urine was found in smokers in both
groups; the highest level in asbestos-exposed subjects was
794 ng/ml, in the controls 430 ng/ml.  No effect of smok-
ing status and cotinine level on 8-isoprostane level in the
EBC was found in either asbestos-exposed or controls.  

Discussion

Several experimental studies have established the
importance of oxidative stress in the pathophysiology of
asbestos damage.  Our finding of an increase of 8-iso-
prostane in EBC in human asbestos-induced respiratory
disorders supports these data.  In this study we found an
important elevation of 8-isoprostane in a group of sub-
jects with benign asbestos-induced diseases and in two
subjects with asbestos exposure and lung cancer.
However correlation with asbestos fiber-years was not
found.

The mean level of 8-isoprostane was increased in the
whole group of asbestos-exposed subjects as compared
with the controls.  It was not significantly increased in
patients with asbestosis.  This group was relatively small;
it comprised 9 patients only and profusion of their irreg-
ular opacities was relatively low, which could have influ-
enced the result.  

Inflammatory response, expressed by ESR, rheumatoid
factor, α1-microglobulin and α1-antitrypsin, was more
frequent in the whole asbestos-exposed group.  α1-antit-
rypsin is an acute phase reactant which is elevated in acute
and chronic inflammatory conditions, infections and with
some cancers.  It is synthesized in the liver and secreted
into the plasma.  From the plasma, α1-antitrypsin diffus-
es into various body compartments, including the lungs,
where it provides the antiprotease protection14).  Elevation
of α1-antitrypsin has already been described in a study
where asbestos exposure was also associated with ANCA
positivity15). α1-microglobulin is synthesized in the liver
and present in plasma, but was found in the extracellular
interstitial matrix of many tissues, including lung tissue.
Moreover, the specific presence of this protein in lung
airways and alveolar septa resembles that of extracellular
superoxide dismutase, a scavenger of ROS16).

Among the asbestos-exposed subjects and among the
controls, no correlation of 8-isoprostane with alcohol
intake or cigarette pack-years was found, which confirms
that these lifestyle factors did not play an important role.
No influence of recent smoking was seen either, which
might be explained by the fact that smokers were restrict-
ed from smoking 2 h at least, and mostly they abstained
from smoking for several hours, as EBC collection was
performed in the early morning.

Several systemic diseases, such as atherosclerosis,
hypertension and others were described to increase serum
and urine 8-isoprostane level17).  Analysis of serum and
urine point to these systemic disorders associated with
oxidative stress; on the other side markers in the EBC
appear specific for respiratory disorders.  In this study, 8-
isoprostane did not correlate with blood lipids, bilirubin,
or liver enzymes (data not shown).
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Fig. 1. 8-isoprostane levels in EBC according to radiological find-
ings in asbestos-exposed (grey) groups and control (white) group. 
Note: Error bars represent ± CI (CI — confidence interval of the arith-
metic mean, p≤0.01); *denotes columns which differ from the control
group (p≤0.01). Error bars were not evaluated for the “Cancer” column,
because this group comprised only two patients.



Limitation and advantage of the study
A limitation of the study is the fact that HRCT has only

been performed in patients where needed for diagnosis for
compensation, in order to avoid unnecessary exposure to
ionizing radiation.  Among 13 subjects from the group
without radiological changes, HRCT was not performed
in 5 subjects.  The implication is that minor parenchymal
and pleural asbestos-induced changes could be over-
looked.  This may explain why 8-isoprostane was
increased in the whole group of asbestos-exposed work-
ers, including subjects without typical radiological
changes.  

An advantage of the study is using a more sensitive
and precise analytical method for 8-isoprostane in EBC
than the more commonly used method of immunoassay
detection.  A higher sensitivity of the analytical method
might also have plaid the role in a higher 8-isoprostane
level in our both control and exposed subjects.  Another
plausible explanation is the older age of subjects with nat-
urally higher level of oxidative stress18).  It should be
mentioned anyway, that comparisons between absolute
concentrations of EBC markers that have been reported
by different studies are currently difficult due to differ-
ences in the EBC collection procedures, condensers, and
sample storage and handling, differences in the analytical
techniques used, and inter-individual biological variabili-
ty19, 20).  Therefore, EBC analysis is not ready yet for
screening of more endangered asbestos exposed subjects,
and follow-up data are needed for the evaluation of its
utility for activity assessment in early stages of asbestos-
induced diseases and/or compensation.  

Conclusion 

The level of 8-isoprostane in EBC was increased in
subjects who were exposed to asbestos in the past; a sig-
nificantly higher level was seen in patients with pleural
hyalinosis or pleural hyalinosis combined with asbestosis
and in two patients with lung cancer.  In this study,
asbestos exposure appeared to be the main factor, as no
other parameter was significant among several factors
studied.  EBC analysis is a promising method and there
are initial studies in which it has also been performed in
asbestos-exposed subjects using analysis of
leukotrienes7, 21).  
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