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ABSTRACT: Symptoms of bronchial asthma are a manifestation of airway in-
flammation. Circulatory leucocytes (predominantly eosinophils, mast cells and neu-
trophils), release inflammatory mediators, including reactive oxygen species, i.e.
superoxide anion which is dismutated to hydrogen peroxide (H2O2). Neutrophils
from asthmatics generate greater amounts of these species than those of healthy
subjects. Some of the H2O2 and thiobarbituric acid-reactive products (TBARs) can
evaporate from alveolar lining fluid, and could be expired from the airways of
asthmatics. In this study, therefore, we determined whether asthmatic patients
exhale more H2O2 and TBARs than healthy subjects. 

We examined 10 healthy subjects as a control group and 21 asthmatic subjects.
In asthmatic subjects, forced expiratory volume in one second (FEV1),  was 68±9%
of predicted value, peak expiratory flow rate (PEFR) was 65±8% pred, and bronchial
reversibility was 34±5% of prebronchodilated FEV1. The mean H2O2 level mea-
sured spectrofluorimetrically in the expired breath condensate of asthmatic sub-
jects was 26 fold higher than that in healthy controls (0.26±0.29 vs 0.01±0.03 nM;
p<0.05). The concentration of TBARs in breath condensate was also higher in asth-
matic patients compared with nonasthmatics (0.073±0.071 vs 0.004±0.009 nM;
p<0.05). There was a significant correlation between H2O2 level and concentration
of TBARs in asthmatic patients (r=0.74; p<0.01). There was also a strong inverse
correlation between H2O2 content of all asthmatics and FEV1% pred (r= -0.63;
p<0.005) and PEFR% pred (r= -0.52; p<0.05).

We conclude that there are elevated levels of hydrogen peroxide and thiobar-
bituric acid-reactive products in expired breath condensate of asthmatic patients,
and that measurement of these substances in the expired breath condensate could
be a simple, noninvasive method that could be used as a biochemical marker of
airway inflammation.
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Symptoms of bronchial asthma may be a manifesta-
tion of airway inflammation, which involves the influx
of circulating leucocytes (predominantly eosinophils, mast
cells and neutrophils) into the bronchial wall [1]. When
activated, these cells release mediators and cytokines that
amplify the inflammatory process, including release of
reactive oxygen species, superoxide radicals (O2

· –) and
hydrogen peroxide (H2O2) [2, 3]. Oxidative damage to
the epithelium produces hyperresposiveness of human
peripheral airways [4, 5]. Moreover, an intense airway
inflammation can be caused either by H2O2 alone or by
newly generated hydroxyl radical (OH·) in the presence
of iron salts, both stopped by catalase and desferriox-
amine (prevents production of OH· from H2O2 by tran-
sition metal chelation) [6]. Neutrophils from asthmatic
patients can generate greater amounts of O2

· – and H2O2
than cells of matched healthy subjects [7, 8], and their
ability to produce O2

· – correlated with the degree of air-
way hyperresponsiveness to inhaled methacholine [8]. 

Other sources of H2O2 in airways of asthmatic pati-
ents are activated eosinophils and eosinophil peroxid-
ase, both leading to the decrease of β-adrenergic receptor
density on the guinea-pig lung membrane [9]. Inflammato-
ry cells also generate nitric oxide, combining with O2

· –

to form peroxynitrite anion (ONOO–), which has been
shown to induce membrane lipid peroxidation [10]. H2O2
and other oxidants, as extremely reactive species, are able
to react with membrane lipids, lipid components of bron-
chial lining fluid and lipid mediators to cause their per-
oxidation, expressed as the production of thiobarbituric
acid-reactive substances (TBARs) which follows oxid-
ant injury in the airways. TBARs can serve as markers
of lipid oxidative damage, and may themselves be cyto-
toxic [11]. 

Reactive oxygen species do not appear to be gener-
ated in increased levels in the circulation of asthmatic
patients with acute asthma, but so far it has not been
determined whether they are generated locally in the



tests. Bronchial asthma was diagnosed according to a
history of wheezing dyspnoea and previous documen-
tation of bronchodilator-induced bronchial reversibility,
measured as >15% increase of FEV1 and the presence of
airway hyperreactivity after histamine challenge test,
with provocative concentration of histamine causing a
20% fall in FEV1 (PC20) of <8 mg·mL-1 according to the
method of COCKROFT [16]. 

Pulmonary function tests, FEV1 and PEFR 50–80%
of predicted value, and bronchial reversibility at least
15% were basic inclusion criteria. The other inclusion
criteria were the ability to stop therapy (other than with
β-agonist) and appropriate pulmonary function test re-
sults (as described above). The duration of bronchial
asthma was 1–18 yrs, mean±SD 7±5 yrs. Eight subjects
were atopic, as revealed by the presence of immediate
positive response to more than 12 common aeroallerg-
en extracts (Allergopharma, Joachim Ganzer KG Rein-
beck/Hamburg, Germany) in Poland. Seven asthmatics
had positive skin-prick test to house dust. The criteria
for definition of nonatopic status were the absence of
immediate response on skin-prick test, and no family
history of atopy. Spirometry was performed with Flow-
screen (Erich Jaeger GmbH & Co., Germany) equipped
with software compatible with American Thoracic Soci-
ety (ATS) standards [17]. PEFR was measured using a
mini-Wright peak flow meter (Clement Clarke Interna-
tional Ltd., Harlow, UK). The highest of three mea-
surements of morning PEFR was recorded. None of the
females were pregnant, as assayed by urine pregnancy
test (Clearview HCG, Unipath GmbH, Wesel, Germany),
or took oral contraceptives. This study was approved by
the local Ethics Committee and informed consent was
obtained.

Collection of air condensate

The air condensate was collected in a tube installed
in a polystyrene foam container filled with ice and salt
as described previously [13]. Study subjects were asked
to breathe through the apparatus for 20 min, and at the
end of collection 2–5 mL aliquots of condensate were
transferred to Eppendorf tubes. One sample was used for
determination of condensate osmolality using an osmo-
meter 800cI (Trident, Warsaw, Poland). The rest was
stored at -80°C for not longer than 7 days until mea-
surement of H2O2 and TBARs. Our previous experiments

airways. There are reports of increased H2O2 in the
expired breath of intubated patients with adult respira-
tory distress syndrome (ARDS) [12]. In our previous
study, we found increased H2O2 in the expired breath
condensate of healthy cigarette smokers [13]. Similarly,
DEKHUIJZEN et al. [14] revealed increased exhalation of
H2O2 in patients with chronic obstructive pulmonary
disease (COPD) [14]. Expired breath condensation is be-
coming an easy and noninvasive technique for studying
volatile and nonvolatile molecules present in expired
air [15]. 

These data as a whole raise the hypothesis that high
concentrations of H2O2 and TBARs can occur locally
in the bronchial lining fluid of asthmatic subjects, and
reflect oxidant burden in the airways. Some of the H2O2
and TBARs can evaporate from bronchial lining fluid
and can be exhaled with expiratory air of asthmatics. In
this study, therefore, we wanted to determine whether
asthmatic subjects exhale more H2O2 and TBAR prod-
ucts than healthy volunteers, and, if so, whether levels
of these compounds in expired breath condensate cor-
relate with intensity of bronchospasm expressed as for-
ced expiratory volume in one second (FEV1) and peak
expiratory flow rate (PEFR) as percentage of the pre-
dicted values.

Materials and methods

Reagents

Peroxidase from horseradish type II (HRP; 200 U·mg-1

solid), homovanillic acid (4-hydroxy-3-methoxy-phenyl-
acetic acid), tetramethoxypropane, and thiobarbituric
acid (TBA) were from Sigma Chemicals Co. (St. Louis,
MO, USA). Glycine, ethylenediamine tetra-acetic acid
(EDTA), phosphate-buffered saline (PBS; pH 7.4) and
30% H2O2 solution, glacial acetic acid and butanol were
purchased from POCH (Gliwice, Poland). Thirty per
cent H2O2 solution was diluted 100 fold with PBS and
stored at 4°C in the dark. The actual H2O2 concentra-
tion was calculated from its absorbance at 230 nm (E=
81 cm-1M-1). Sterile deionized water (conductivity 0.05
µS·cm-1, Milli Q Plus Water Purification System, New
York, USA) was used throughout the study. Aqueous
solutions of U·mL-1 HRP with addition of 400 µM
homovanillic acid were prepared freshly before the assay.
All other solutions were stored at 4°C for not longer
than 14 days.

Study population

The study subjects included 10 healthy volunteers as
a control group (mean±SD age 32±7 yrs; 6 males and 4
females) and 21 asthmatic subjects (mean±SD age 37±9
yrs; 12 males and 9 females), who had not suffered from
any infectious disease for the last 4 months (table 1),
recruited from the Medical University Out-patient Clinic
register. Asthmatic subjects were asked to stop any med-
ication with the exception of short-acting β-agonists
(salbutamol or fenoterol), and to attend the clinic, after
a 4 week wash-out period, to perform lung function
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Table 1.  –  Characteristics of study population

Healthy subjects Asthmatic patients
(n=10) (n=21)

Age  yrs 32±7 37±9
Sex  M/F 6/4 12/9
FVC  % pred 98±3 94±8
FEV1 % pred 102±5 68±9
PEFR  % pred 100±3 65±8
FEV1 reversibility  % 3±1 34±5.4
Asthma duration  yrs - 10±8

Data are presented as mean±SD. M: male; F: female; FVC:
forced vital capacity; FEV1:  forced expiratory volume in one
second; PEFR: peak expiratory flow rate; % pred: percentage
of predicted value.



tion and emission wavelengths were 515 and 546 nm,
respectively. The regression equation was prepared with
tetramethoxypropane as a standard for TBAR species.
Tetramethoxypropane reacts with TBA to form the TBA-
malondialdehyde adduct characteristic for lipid per-
oxidation. Readings were converted into nmol using the
regression equation Y=0.012X-0.007 (where Y=nM of
TBAR products, and X=intensity of emission at 546 nm
expressed in au) obtained from three series of experi-
ments with 20 increasing (0.001–5 nM) concentrations
of tetramethoxypropane. 

The confidence level was 95% and p-values were
<0.03 and <0.0001 for constant and regression coeffi-
cients, respectively. The linear least square estimation
was used for calculation of the regression equation. The
lower limit of TBAR products detection was 0.005 nM.
A control TBA assay with salbutamol was also perf-
ormed. Assuming that epithelial lining fluid volume
ranges 3– 6 mL, and two puffs of salbutamol (200 µg)
provide roughly 40 µg (lung deposition using metered-
dose application is around 20%), we used 10 µg of sal-
butamol dissolved in 1 mL of distilled water. Distilled
water was used as control instead of salbutamol. The
study procedure was the same as for condensate TBA
assay. Salbutamol turned out not to be TBA-reactive.
Both control and salbutamol samples gave results be-
low the sensitivity of the method, and concentration of
TBARs in these samples was assumed to be 0 nM.

Statistical analysis

Data from subjects are expressed as the mean±SD. For
readings that gave results below the limit of sensitivity,
the concentration of H2O2 and TBARs in expired breath
condensate were assumed to be 0 nM. The differences
between results in the group of healthy and asthmatic
subjects were determined using student's t-test. A p-
value less than 0.05 was considered to be significant.
Pearson correlation was used to determine the relation-
ships between the measured variables. All calculations
were performed using Microsoft Excel version 5.0 soft-
ware.

Results

To check whether TBARs can evaporate during collec-
tion of breath air condensate, preliminary experiments
were performed. A sponge soaked with 2 mL of 5 nM
tetramethoxypropane, or distilled water as a control, was
fixed in the device next to the saliva trap, and a healthy
volunteer was asked to breath out through the device
connected with the tube for 20 min. The experiment was
repeated three times. The TBAR products were then
measured in the condensate sample. The concentration
of TBARs in the condensate with tetramethoxypropane
was 1.05±0.12 nM (n=3) versus 0.00 nM in the control,
variation coefficient 11%.

Other preliminary experiments with repeated conden-
sate collection from three volunteers (one healthy sub-
ject and two asthmatics) revealed that TBAR products
in expired breath remain stable during a 4 day observa-
tion (table 2) (variation coefficient for asthmatics 18%).

have shown that, under these conditions, samples of
expired breath condensate and 10-7 H2O2 solution remain
stable after 14 days of storage. Similarly, 5 nM H2O2
incubated in the device for 20 min at 0°C revealed no
significant changes in the ability to react with homova-
nillic acid [13]. Separate experiments were performed on
tetramethoxypropane-model TBAR. Experiments with
four different condensate samples and 1 nM tetram-
ethoxypropane solution showed that the concentration
of TBAR products was stable for 14 days. Similarly,
incubation of 1 nM tetramethoxypropane concentration
aliquots in the device for 20 min at 0°C revealed no sig-
nificant changes of ability to react with TBA. The fluor-
escence at 546 nm, expressed in arbitrary units (au) was
85±11 and 83±9 (n=4) for samples before and after incu-
bation, respectively. All collections were performed be-
tween 09.00 and 11.00 h, and patients were asked to stop
any medication 12 h before the visit.

Measurement of hydrogen peroxide

The content of H2O2 in expired breath condensate was
determined according to the method of RUCH et al. [18].
Briefly, 10 µL of expired breath condensate was mixed
with 90 µL PBS and 100 µL solution of HRP (1 U·mL-1)
containing homovanillic acid and incubated for 60 min
at 37°C. Afterwards, the samples were mixed with 300
µL PBS and 125 µL 0.1 M glycine-NaOH buffer (pH
12) with addition of 25 mM EDTA, and transferred into
microcuvettes (PE 5200-4339). The homovanillic acid
oxidation product, as a measure of the amount of H2O2,
was determined spectrofluorimetrically using a Perkin
Elmer Luminescence Spectrometer LS-50 (Norwalk, CT,
USA) operating in the read mode. Slit widths were set
at 10 nm both for emission and excitation, the integrate
time was 0.1 s, excitation was at 312 nm and emission
was measured at 420 nm. Readings were converted into
nM using the regression equation Y=0.0375X-0.3221
(where Y=nmol of H2O2 per litre of expired breath con-
densate, and X=intensity of emission at 420 nm expressed
in au) obtained from three series of calibration experi-
ments with 19 increasing (0.01–10 nM) H2O2 concen-
trations. The confidence level was 95% and p-value was
<0.03 and <0.0001 for constant and regression coeffi-
cient, respectively. The linear least square estimation
was used for calculation of the regression equation. The
lower limit of H2O2 detection was 0.1 nM.

Measurement of TBAR products

The content of TBAR species in expired breath con-
densate was determined according to the method of YAGI

[19]. One hundred microlitres of the condensate was
mixed with 2 mL of TBA solution (0.67 g dissolved in
100 mL of deionized water, then diluted 1:1 with glacial
acetic acid). The mixture was boiled for 30 min, allowed
to cool at room temperature and chromogen was extract-
ed into 2.5 mL of butanol by vigorous shaking for 30 s.
Following centrifugation (1,500×g for 10 min at 25°C),
TBAR products were measured spectrofluorimetrically
using a Perkin Elmer Luminescence Spectrometer LS-
50 (Norwalk, CT, USA) operating in read mode. Excita-
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There were no detectable TBARs in breath condensate
collected on the four consecutive days from the healthy
subject. There were also no significant differences bet-
ween three consecutive samples collected on the same
day every 30 min (variation coefficient 18%). Rinsing
the mouth with distilled water just before and during
condensate collection did not change the level of TBARs
in the breath air condensate, which was 0.053±0.01 and
0.058±0.01 (n=2) before and after rinsing the mouth,
respectively. Similar experiments were described in our
previous paper on H2O2 levels in the air condensate,
and they revealed that H2O2 concentration in expired
breath remained stable during a 4 day observation and
that there were no significant differences in separate
samples collected on the same day with 30 min inter-
vals [13]. If patients did not rinse their mouths with dis-
tilled water before and during incubation, the H2O2 level
rose due to contamination with saliva. Therefore, in all
experiments on the content of H2O2 in expired breath
condensate, a noseclip was worn and the mouth was
rinsed with distilled water. 

Only one healthy volunteer (10%) revealed a detectable
H2O2 content in the air condensate (0.11 nM). In 9 heal-
thy subjects (90%), the H2O2 level was below the sensi-
tivity of the method (0.1 nM) and these were assumed to
be 0 nM. Thus, the mean H2O2 concentration calculat-
ed for the whole group was 0.01±0.03 nM. The H2O2
level in expired breath condensate of asthmatic subjects
(0.26±0.29 nM; n=21) was 26 fold higher than that in
the control group (p<0.05) (fig. 1). In seven asthmatics
(30%; three males and four females) no detectable H2O2
concentration was observed. 

Two healthy subjects (20%; one male and one fem-
ale) had detectable TBARs in the condensate, and the
mean content of TBARs in this group was 0.004±0.009
nM (n=10). The level of TBARs in expired breath con-
densate in 21 asthmatic subjects was much higher (0.073
±0.071 nM), and was 3.2 fold higher than that in the
healthy group with positive TBAR assay (0.022±0.004;
n=2) (fig. 2). There were no significant differences be-
tween male and female asthmatic subjects with respect

to levels of H2O2 and TBARs. A significant positive
correlation was found between H2O2 concentration and
TBAR concentration in expired air condensate of asth-
matic patients (r=0.74; p<0.01) (fig. 3). There was also
an inverse correlation between H2O2 concentration and
FEV1% pred (r= -0.63; p<0.005) (fig. 4a) and PEFR%
pred (r= -0.52; p<0.05) (fig. 4b), but not reversibility
after β-agonist (r=0.01; p<0.8) or duration of asthma (r=
0.08; p<0.7) (data not shown). 

The mean osmolality of expired breath condensate
both of healthy and asthmatic groups was similar, and
was 4.63±0.57 (n=10) and 4.8±0.75 mOsm·kg-1 H2O
(n=21), respectively. There were also no differences
between males and females. The mean osmolality of
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Table 2.  –  Concentration of TBAR products in expired
breath condensate collected for 4 consecutive days from
three volunteers

Day of Concentration of TBARs  nM
collection Healthy Asthmatic No. 1 Asthmatic No. 2

1 0 0.061 0.042
0 0.057 0.045
0 0.060 0.039

2 0 0.059 0.040
3 0 0.065 0.044
4 0 0.060 0.047

0* 0.066* 0.051*

Volunteers (one healthy subject and two asthmatics) were
asked to breathe out spontaneously through a mouthpiece, with
a saliva trap connected to the tube, and to breathe in with the
mouthpiece removed from the mouth for 20 min. They wore
a noseclip and their mouth was rinsed with distilled water just
before, and at 7 and 14 min during, the condensate collection.
On Day 1, three separate collections were performed, and on
Day 4, two collections. The interval between collections was
30 min. *: TBARs reading obtained when no saliva trap was
used. TBARs: thiobarbituric acid-reactive products.

Fig. 1.  –  Hydrogen peroxide (H2O2) concentration in expired breath
condensate of asthmatic patients and healthy subjects. Individual results
below the sensitivity of H2O2 determination by this method (0.1 nM)
were assumed to be 0 nM. The mean H2O2 content of breath con-
densate of all asthmatic subjects was higher than that found in the
control group: 0.26±0.29 versus 0.01±0.03 nM (p<0.05). Horizontal
bars indicate means.
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Fig. 2.  –  Thiobarbituric acid-reactive products (TBARs) in expired
breath condensate of asthmatic patients (n=21) and healthy volunteers
(n=10). The mean concentration of TBARs in expired breath con-
densate of asthmatics was much higher than that of healthy subjects:
0.073±0.071 versus 0.004±0.009 nM (p<0.001). Horizontal bars indi-
cate means.



saliva is 95±12 mOsm·kg-1 H2O, and this clearly indi-
cates that there was no contamination with saliva in the
samples analysed. As demonstrated in our previous stu-
dy, dissolved CO2 and HCO3

– are mainly responsible
for the relatively high osmolality of expired breath con-
densate [13].

Discussion

In this study, we found that asthmatic subjects have
higher levels of H2O2 and TBARs in expired breath con-
densate than healthy volunteers. A high correlation be-
tween these parameters was also found. It seems quite
likely that the inflammatory processes involving the
respiratory tract lead to increased oxidant production,
which, in turn, can be detected by elevated H2O2 in ex-
pired breath. 

Oxygen species appear to be important inflammatory
mediators and can contribute to some types of lung in-
jury, including ARDS, emphysema and bronchial asth-
ma. Airway inflammation is believed to play a central
pathogenic role in the development of bronchial asth-
ma. In the lung, toxic oxygen metabolites can be gen-
erated by phagocytic cells. The result of their activation
can be a respiratory burst with subsequent production
of O2

· –, which is dismutated to H2O2. As reactive oxy-
gen species are short-lived, most of the evidence for
their deleterious in vivo action comes from indirect stud-
ies and data indicating that treatment with free radical
scavengers can abolish the harm compared with control
groups. Moreover, their ability to be detected depends
not only on the amount of oxygen species generated but
also on the amount of antioxidant compounds that can
react with them. If the antioxidant defence is overcome,
reactive oxygen species react with surrounding mole-
cules, and thus lead to tissue injury. 

H2O2 is one of the most stable of toxic oxygen meta-
bolites. It is also volatile and, due to lack of charge,
membrane permeable. It is easily excreted and produced
extracellularly. Catalase and glutathione peroxidase are
basic enzymes regulating the intracellular H2O2 level [20].
Compared with the intracellular oxidant scavenging net-
work, the airways and extracellular space as a whole have
a much weaker reactive oxygen species-scavenging cap-
acity. H2O2 may, in the presence of iron (Fenton reac-
tion leading to hydroxyl radical generation), oxidize lipids
to their hydroperoxy products, thus leading to lung dam-
age. HABIB et al. [21] and MORITA et al. [22] demons-
trated increased levels of lipid peroxidation products,
such as ethane and pentane, in the expired breath after
oxidant stress. These results are consistent with a pre-
vious study by WILLIAMS et al. [23], who showed the
peroxide-dependent spontaneous chemiluminescence of
human breath after 100% oxygen inhalation.

There are various sources of TBARs. H2O2 and other
oxidants produced by activated phagocytes are able to
react with membrane lipids and also with lipid and pro-
tein components of bronchial lining fluid and cause their
peroxidation. Lipid mediators may be another source of
TBAR species. Therefore, the correlation between lev-
els of H2O2 and TBARs appears to reflect the cause-
and-effect relationship. The activated inflammatory cells
found in bronchoalveolar lavage (BAL) of asthmatic
patients produce oxygen species transformed to H2O2,
easily reacting with surrounding lipids [11]. Moreover,
H2O2 could also be a source of hydoxyl radical (OH·)
through an Fe2+-catalysed Fenton reaction. Hydroxyl ra-
dical is extremely reactive, thus easily leading to lipid
peroxidation while reacting with these species. The in-
creased content of H2O2 and TBARs in expired breath
condensate of asthmatic subjects is likely to be due to
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Fig. 3.  –  Significant correlation between the concentration of hydro-
gen peroxide (H2O2) and thiobarbituric acid-reactive products (TBARs)
in expired air condensate of asthmatic patients (r=0.74; p<0.01). The
regression line and 95% confidence limits are indicated.
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Fig. 4.  –  a) Significant inverse correlation between the concentra-
tion of hydrogen peroxide (H2O2) and the forced expiratory volume
in one second (FEV1) as % of predicted value (% pred) in asthmat-
ic patients (r= -0.63; p<0.005). b) Significant inverse correlation
between the concentration of H2O2 and the peak expiratory flow rate
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0.05). Regression lines and 95% confidence limits are indicated.



increased oxidant production and subsequent lipid per-
oxidation in bronchial lining fluid, overcoming the anti-
oxidant potential of lower airways. 

Theoretically, the production of H2O2 is much higher
than the exhalation of H2O2 observed in our previous
study [13]. This phenomenon may be due to the pres-
ence of antioxidants in the airways. Catalase is the basic
antioxidant in the alveolar lining fluid. It seems, how-
ever, to decompose only high concentrations of H2O2
efficiently. Thus, it is likely that H2O2 present in low
concentrations is not efficiently scavenged, and, thus, it
can be detected in expired breath. On the other hand, in
five asthmatic patients, no H2O2 or TBARs were detec-
ted in the condensate, possibly due to antioxidant de-
fence in the airways of these patients. Firstly, during
chronic inflammation, antioxidant enzyme activity can
be kept at an increased level all the time, and both cat-
alase and glutathione peroxidase can interact to bring
about sufficient decomposition of H2O2. Secondly, dur-
ing inflammation, an increased permeability of the air-
way wall can be observed, and this may allow plasma
antioxidant factors to diffuse into the alveolar lining fluid
increasing the defence against reactive oxygen species.

Our results indicate that, during inflammatory process-
es, free radical production occurs in the airway and is
strong enough to overcome antioxidant defences. In-
creased levels of H2O2 and TBARs in expired breath
condensate of asthmatics can reflect a situation in which
oxidant overload overtakes the capacity of antioxidant
protection in the lower airways. However, some of the
healthy subjects also had measurable H2O2 in expired
breath condensate, in agreement both with studies show-
ing the peroxide-dependent spontaneous chemilumines-
cence of human breath, and with our previous work, in
which 22% of nonsmoking subjects revealed a detect-
able content of H2O2 in expired breath condensate [13,
24]. Moreover, healthy volunteers excreted micromolar
amounts of H2O2 in urine [25]. 

In the present study, a high inverse correlation was
observed between H2O2 concentration and FEV1% pred.
This is consistent with several studies on animal models,
in which reactive oxygen species could lead to bron-
chial hyperresponsiveness and subsequent bronchocon-
striction. Misawa and co-workers [26] proved that intense
airway inflammation can be caused either by H2O2 alone
or by newly generated hydroxyl radical (OH·), both
stopped by catalase and desferrioxamine. Inhalation of
hydrogen peroxide (1.0 M) for 5 min caused significant
bronchoconstriction in guinea-pigs. Because H2O2 en-
hances prostaglandin G2 production by mast cells [27],
and reactive oxygen species can enhance thromboxane
A2 (TxA2) production (which is a strong bronchocon-
strictor) by alveolar macrophages, it is likely that this
compound could lead to bronchoconstriction in our
patients. It is also possible that the correlation between
H2O2 and FEV1% pred could be a coincidence. The two
parameters change in the course of inflammation: the
increased intensity of inflammation can be followed by
impaired pulmonary function values and accompanied
by an increased level of H2O2 in expired breath con-
densate. 

The increased levels of H2O2 in expired breath, which
can be due to airway inflammation, do not only occur
in bronchial asthma. Our previous reports have shown

that healthy cigarette smokers have increased H2O2 in
expired breath [13]. SZNAJDER et al. [12] found increased
levels of H2O2 in the breath condensate of 43 patients
with ARDS [12]. However, they found much higher lev-
els of H2O2 in the condensate than those measured in
the present study. They used neither a saliva trap nor a
noseclip, and this could have led to falsely elevated con-
centrations of H2O2 in expired breath due to contami-
nation with saliva. On the other hand, DOHLMAN et al.
[28] were very careful about potential salivary contam-
ination, and they also revealed relatively high levels of
H2O2 in expired breath condensate in paediatric patients
with asthma (0.81±0.70 µM). The high concentration of
H2O2 observed was primarily due to its elevation in sick
patients included in their study. However, the peroxide
concentration in the control group was still high (0.25±
0.27 µM) compared to the present results. This discre-
pancy may be due to the fact that paediatric patients
neither rinsed their mouths with distilled water nor wore
noseclips, and, thus, traces of H2O2 from saliva could
reach the collecting tube in spite of the use of a saliva
trap. Moreover, H2O2 evaporated from nasal spaces and
from saliva could be inspired into the airways and then
expired into the collection device and undergo conden-
sation. 

Our results indicate that asthmatic patients exhale more
hydrogen peroxide and thiobarbituric acid-reactive pro-
ducts, and that free radical processes can occur in the
course of airway inflammation with potential subsequent
lipid peroxidation in the airways. It is also possible that
an elevated content of these oxygen species in expired
breath may serve as an indirect marker of free radical-
mediated processes, and reflect damaging oxidant over-
load in the airways, related to inflammation. However,
further studies are needed to confirm the potential cor-
relations between bronchial hyperreactivity and levels
of hydrogen peroxide and thiobarbituric acid-reactive
products in expired breath condensate. If such a corre-
lation was found, it would be a valuable way of study-
ing the effects of anti-inflammatory drugs on airway
inflammation, which could be an application of this tech-
nique to pulmonary disorders.
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