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Background: Nitrite and nitrate are exhaled
in droplets of an aerosol during breathing
and can be assayed in the exhaled breath
condensate (EBC) as markers of nitrossa-
tive stress in the airways of patients with
asthma, COPD, and idiopathic pulmonary
fibrosis (IPF). Subjects and methods: Using
HPLC with fluorescence detection, nitrite
and nitrate were assayed in EBC of 14
atopic patients with mild-to-moderate stable
asthma, 18 atopic asthmatics with exacer-
bation, 14 COPD patients without exacer-
bation, 18 patients with exacerbated COPD,
13 patients with active IPF, and in 29
healthy subjects. Results: The geometric
mean [exp(mean7SD)] EBC concentra-
tions of nitrite (micromol/l) in patients with
asthma [5.1(2.1–12.3)], exacerbation of
asthma [5.1(2.8–9.6)], exacerbation of

COPD [5.3(3.2–8.7)], and with IPF
[5.5(2.9–10.2)] were higher (Po0.05) com-
pared with those of healthy subjects
[2.9(1.6–5.3)] and patients with stable COPD
[3.0(1.3–6.7)]. Nitrite concentration in-
creased with decreased lung function of
patients with asthma (rs 5�0.31, Po0.02).
Presumably owing to the contamination of
the EBC sample with nitrate during collec-
tion, nitrate levels were highly variable
among healthy subjects and higher com-
pared with all groups of patients. Conclusion:
EBC nitrite is a suitable marker of nitrossa-
tive stress in adult patients with lung dis-
eases but cannot differentiate controlled and
exacerbated asthma. Further improvements
to the methods of EBC collection and sample
handling are warranted. J. Clin. Lab. Anal.
24:317–322, 2010. r 2010 Wiley-Liss, Inc.
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INTRODUCTION

Because the initial information that nitric oxide (NO)
may be detected in exhaled air of humans (1) lots of
studies have been published describing concentrations of
NO and other markers in both healthy subjects and
patients with inflammatory disease of airways (2–5).
Endogenous NO is synthesized during the conversion

of L-arginine to L-citruline, catalyzed by NO synthases
(NOS). Three isoforms of NOS enzyme coded by
different genes were described. Neuronal nNOS and
endothelial eNOS produce relatively small amount of

NO (picomols), which plays an important homeostatic
role in many physiological and pathophysiological
processes. Expression of the inducible NOS (iNOS) is
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controlled by proinflammatory stimuli and leads to a
generation of much higher nanomolar level of NO in
case of inflammatory processes of the respiratory
tract (6). NO can be detected in the exhaled air. Nitrite
and nitrate can be assayed in liquids of respiratory tract
at the concentrations reflecting velocities of NO forma-
tion and oxidative metabolism.
Nitrite, nitrate, and other nonvolatile compounds are

exhaled in droplets of an aerosol carried away from the
respiratory tract during breathing. By cooling the
expired gas during tidal breathing into an appropriate
condenser it is possible to examine their concentrations
noninvasively in exhaled breath condensate (EBC).
Besides biomarkers of oxidative and nitrosative stress,
a variety of other inflammatory mediators have been
investigated in EBC, including adenosine, isoprostanes,
leukotrienes, prostanoids, and cytokines. Noninvasive
profiling of inflammatory biomarkers in EBC could help
to classify the severity and type of inflammation in acute
and chronic asthma, chronic obstructive pulmonary
disease, and other lung diseases, and could be used for
diagnosis and monitoring of therapy of these diseases (7).
This study aimed to measure the levels of nitrite and

nitrate as biomarkers of nitrosative stress, in the EBC of
adult patients with asthma, COPD, and idiopathic
pulmonary fibrosis (IPF).

METHODS

This study was approved by the ethics committee of
Charles University and informed consent was obtained
from all subjects. The studied population included 106
subjects divided into the following subgroups: (a) 14
patients with mild persistent atopic asthma, (b) 18
asthmatics with an acute exacerbation, (c) 14 COPD
patients without exacerbation, (d) 18 patients with
exacerbated COPD, (e) 13 patients with active IPF, (f)
17 healthy nonsmokers, and (g) 12 smokers without any
symptoms of pulmonary disease and with normal results
of pulmonary function tests.
Patients with atopic asthma and COPD were recruited

from the Department of Respiratory Diseases of the
Regional Thomas Bata Hospital, Zlı́n, Czech Republic.
The diagnosis was based on clinical history and
examination and on measurement of pulmonary func-
tion parameters, according to international guidelines
(8,9). Patients had stable asthma and were taking neither
inhaled nor oral corticosteroids during 2 months
preceding the investigation or longer. Patients with
asthma exacerbation were presenting to the Department
of Respiratory Diseases with acute worsening of the
disease and pharmacotherapy with corticosteroids was
initiated after the EBC collection. Asthmatics used

inhaled b2 agonists on demand. COPD patients were
taking inhaled anticholinergics or b2 agonists.
Patients with IPF were selected among the patients of

the Department of Pulmonary Medicine, 3rd Faculty of
Medicine, Charles University, Prague, Czech Republic.
They had the diagnosis confirmed by a surgical lung
biopsy demonstrating presence of interstitial pneumonia
coupled with appropriate clinical findings and signs of
active disease proven by bronchoalveolar lavage and
high-resolution computer tomography (10).
Healthy subjects had no history of any chronic lung

disease, allergy, or any other chronic illness including
recurrent respiratory infections, and were taking no
medication.
The collection of the EBC was done using EcoScreen

II condenser (Jaeger Toennies, Germany). Patients
breathed in rest condition for a period of 15min using
a nose clip. The EBC sample was frozen directly in the
collecting cup to �701C. It was then transported in dry
ice to the laboratory and thawed only once before the
analysis. The concentrations of nitrite and nitrate were
determined using liquid chromatography with fluores-
cence detection validated in our earlier work (11).
Briefly, nitrite concentration was assayed after its
precolumn derivatization with 2,3-diaminonaphthalene.
The sum of nitrite and nitrate concentrations was
determined after enzymatic conversion of nitrate into
nitrite using bacterial nitrate reductase as originally
described by Misko et al. (12). Nitrate concentration
was calculated as the difference between the two results.
Statistical analyses were performed with Statistica

(version 8.0, StatSoft, Inc., Tulsa, OK). Because the
EBC nitrite and nitrate concentrations had a skewed
distribution to the right, they were log-transformed before
statistical analysis with parametric tests. As descriptive
characteristics, the geometric mean was used as a central
value and antilogs of the mean7SD (log-transformed
data) were used as spread indicators. One-way analysis of
variance on the logarithmically transformed concentra-
tions and Tukey’s multiple comparison tests were used
to compare EBC nitrite and nitrate between groups.
Spearman’s correlation was used to evaluate the relation-
ship between lung function and nitrite concentration.
Significance was defined as Po0.05.

RESULTS

Clinical and physiological characteristics of studied
subjects are summarized in Table 1. The concentrations
of nitrite and nitrate in EBC are given in Table 2.
Nitrite levels in EBC of healthy smokers were 43%

higher than that of nonsmokers. The difference, how-
ever, did not reach statistical significance (P5 0.12).
Concentrations of EBC nitrite were higher in patients
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with asthma and exacerbated asthma compared with
healthy individuals (Po0.05), but there was no differ-
ence between groups of patients with and without
exacerbation of the disease (Fig. 1). Correlation analysis
in both groups of asthmatic patients and healthy
individuals showed that the concentration of nitrite
increased with decreasing FEV1 (rs 5�0.31, Po0.02)
(Fig. 2). If asthma patients with and without exacerba-
tion were analyzed, the correlation between nitrite levels
and FEV1 was borderline significant (P5 0.06). After
exclusion of one smoker with asthma exacerbation and
three smokers with stable asthma and comparison of
their nitrite levels with those of healthy nonsmokers, the
results of either between-group comparison or correla-
tion analysis remained unchanged (data not shown).
Nitrite concentration in EBC of patients with exacer-

bation of COPD was higher than in patients without
exacerbation (Po0.05) and in healthy individuals
(Po0.01), whereas patients without exacerbation had
comparable results with healthy individuals (P5 0.73)

TABLE 1. Characteristics of Subjects

Group N Sex (M/F) Agea (years) FEVl
b(%) TLC (%)

Asthma with exacerbation 18 11/9 54.6717.6 81.2720.0 108711.3

Asthma without exacerbation 14 9/6 51.3718.8 94.4714.4 102711.2

COPD with exacerbation 18 16/6 68.3712.0 52.5722.3 108712.2

COPD without exacerbation 14 20/5 67.477.00 72.2721.9 101713.1

IPF 13 9/9 57.3715.1 87.6722.2 84.5719.3

Healthy smokers 12 7/4 41.2714.8 11578.8 10779.8

Healthy nonsmokers 17 11/7 35.9711.0 111710.4 100710.6

All healthy subjects 29 18/11 40.0712.6 112710.0 103710.6

Table shows arithmetic means7SD.
aAll groups of patients were older compared with healthy subjects (Po0.05).
bAll groups of patients had a lower FEV1 compared with healthy subjects (Po0.01) and FEV1 of patients with COPD exacerbation was less

compared with COPD patients without exacerbation (Po0.05).

TABLE 2. Nitrite and Nitrate Concentrations in Exhaled Breath Condensate

Nitritea (mmol/l) Nitrateb (mmol/l)

N G. mean G. mean7SD N G. mean G. mean7SD

Asthma with exacerbation 18 5.09 2.11–12.3 18 30.5 16.1–58.0

Asthma without exacerbation 14 5.13 2.75–9.56 14 33.1 14.2–77.6

COPD with exacerbation 18 5.26 3.17–8.74 16 16.6 8.67–31.8

COPD without exacerbation 14 2.96 1.32–6.67 13 18.9 7.68–46.5

IPF 13 5.47 2.94–10.2 12 18.1 11.2–29.1

Healthy smokers 12 3.56 2.15–5.89 11 70.4 22.8–217

Healthy nonsmokers 17 2.49 1.31–4.72 16 52.0 19.5–139

All healthy subjects 29 2.89 1.58–5.28 27 58.9 20.9–165

Table shows geometric means and antilogs of the intervals (mean7SD of logarithmically transformed concentrations).
aAll groups of patients except of COPD without exacerbation had higher nitrite concentrations compared with healthy subjects (Po0.01),

exacerbation increased the concentrations in COPD patients (Po0.05).
bThe concentrations of nitrates in the groups of healthy subjects were higher than results of patients (Po0.01).
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Fig. 1. Nitrite concentration in the exhaled breath condensate

(EBC) of healthy individuals, asthmatic patients, COPD patients, and

patients with idiopathic pulmonary fibrosis (IPF). Horizontal lines are

geometric means. �Po0.05, ��Po0.01.
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(Fig. 1). The correlation between the concentration of
EBC nitrite and FEV1 did not reach statistical
significance (P5 0.12). Exclusion of eight smokers with
COPD exacerbation and eight smokers with stable
COPD did not change the results of statistical analysis
(data not shown).
Patients with IPF (including two smokers) had higher

levels of EBC nitrite compared with healthy controls
(Po0.05) (Fig. 1). Nonsmokers with IPF had higher
concentrations than healthy nonsmokers (Po0.05).
Surprisingly, the concentration of EBC nitrate in the

groups of healthy nonsmokers and smokers showed a
very high interindividual variability and were higher
(Po0.01) than results of patients (Table 2). Differences
between other groups were not found.

DISCUSSION

This study shows that the concentration of nitrite in
EBC is increased in patients with asthma, IPF, and
exacerbation of COPD indicating an increased nitrosa-
tive stress in the airways. In stable COPD, the level of
EBC nitrite is comparable to healthy subjects.
Finding of the highest nitrate concentrations in healthy

individuals, the average concentration in this group, and
a very high interindividual variability are surprising.
These results may, most probably, be explained by
contamination of EBC with nitrate during collection.
The contamination during sample processing and
analysis is unlikely, as calibration standards and quality
control samples were assayed in parallel in every
analytical batch and no contamination was observed.
Experience of other authors pointed to the fact that, in
simulated conditions, EcoScreen condenser caused con-
tamination of physiological solution and deionized water
with up to 80mmol/l nitrate (13). Other authors described
three to four times worse short-term repeatability (%CV)
of nitrate concentration compared with nitrite of healthy

subjects and asthmatic patients, which indirectly proves
methodological problems of measuring nitrate in EBC
collected using EcoScreen condenser (11).
Nitrite and nitrate are formed by oxidation of NO,

which proceeds very quickly in human organism. The
biological liquids of respiratory tract (liquid from
bronchoalveolar lavage, condensate of expired air)
contain mostly nitrate, which corresponds to the results
of our study. Comparing our results with concentrations
of nitrite and nitrate in studies of other authors is
difficult owing to the differences in methods of EBC
collection and analysis. If we focus on the results of
healthy subjects, our results agree very well with findings
obtained by other authors who used the EcoScreen
condenser. Balint et al. reported similar concentrations
of EBC nitrite using the same analytical method (14).
Cruz et al. found very similar concentrations, but by
using a commercial immunoassay (15). Other authors
describe comparable values of nitrite in EBC collected
into simple coolers of their own construction (16). Most
studies, except that of Corradi et al., show lower
concentrations of nitrate (15,17,18).
To our best knowledge, this is the first report on nitrite

measurement in the EBC of patients with active IPF.
Our finding of significantly elevated nitrite levels
supports the evidence obtained with other experimental
methods of increased nitrossative and oxidative stress
associated with this lung disease. Saleh et al. used
immunohistochemistry, histochemistry, and in situ
hybridization, and found increased expression of nitro-
tyrosine and iNOS in macrophages, neutrophils, and
alveolar epithelium in lungs of patients with active IPF
compared with healthy controls (19). Patients with active
IPF exhale higher concentrations of NO compared with
healthy subjects (20) and have increased nitrite and
nitrate concentrations in the bronchoalveolar lavage
fluid (21,22). An increased oxidative stress associated
with IPF was repeatedly documented on the local as well
as systemic level using exhaled ethane concentrations
(23), EBC hydrogen peroxide and 8-isoprostane concen-
trations (24) and other markers (25).
In the airways of patients with atopic asthma,

formation of NO is augmented as a result of the
induction of iNOS enzyme in the structural as well as
inflammatory cells. Steroid-naive patients with atopic
asthma exhale high concentrations of NO (26). In
accordance with our results, published articles (27–29)
also reported higher concentration of nitrite in asth-
matic patients. Practical usability of these findings,
however, remains unclear as most of the studies did not
prove relationship between the concentration of NO
metabolites and the level of asthma control (29,30).
Only one study, so far, carried out on asthmatic children
proved the importance of simultaneous examination of

40 60 80 100 120 140
0

5

10

15

20

FEV1 (%)

E
B

C
 n

itr
ite

 (
m

ic
ro

m
o.

L-1
)

Fig. 2. Correlation between lung function and nitrite concentration

in exhaled breath condensate (EBC) in asthmatic patients and healthy

individuals (rs 5�0.31, Po0.02).
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several markers in EBC together with the fractional
concentration of NO in exhaled air (FENO) as
indicators reflecting asthma control (FENO, 8-isopros-
tane, g-interferon a IL-4) and severity (8-isoprostane,
nitrite, nitrate, and FENO) (31). Negative results of
some published studies may in part be owing to small
numbers of patients in the groups and imprecision in
evaluation of disease severity. The concentration of
EBC nitrite in our study did not allow differentiating
between controlled asthma and exacerbation, but it
increased in patients with compromised lung function
(decreased FEV1). Similarly, Ueno et al. found negative
correlation between FEV1 and concentrations of nitrite
and nitrate of asthmatic patients (29).
COPD patients exhale lower concentrations of NO in

comparison to patients with asthma (32). According to
the conclusions of most studies, the concentrations of
exhaled NO of stable COPD patients are the same as
those of healthy individuals (33–35). Other authors
describe two to three-fold elevated FENO as a
maximum (17,36,37). COPD exacerbation is accompa-
nied by an increase in FENO (36), which does not
respond to inhaled corticosteroids as rapidly as in
asthmatic patients. Unlike after asthma exacerbation,
FENO concentrations decrease gradually during
months after cessation of COPD exacerbation (38).
Relatively few articles focused on the concentrations of

nitrate and nitrite of COPD patients, which might be
owing to methodological problems of these assays (39).
The EBC concentration of nitrite in our study was higher
in patients with exacerbation of COPD than in stable
disease and in healthy individuals. Corradi et al. found,
compared with healthy smokers and nonsmokers, higher
concentrations of nitrite of nonsmokers with COPD
without exacerbation during one month preceding the
investigation (40). Another study of Corradi et al. looked
into EBC nitrate and described higher concentration in
healthy smokers and asthmatic patients compared with
healthy nonsmokers, whereas COPD patients selected
using the same inclusion criteria, as in their earlier study,
did not have higher values (18). Liu et al. focused on the
impact of smoking and COPD on the sum of nitrite and
nitrate (NOx). According to separate evaluations done
with smokers and nonsmokers, COPD did not have any
influence on the concentrations of NOx (17). The same
study showed two-fold elevated NOx concentrations in
nonsmokers with more serious COPD, who were treated
by inhaled corticosteroids, compared with nonsmokers
with less severe disease without corticosteroid treatment.
More severe COPD also causes higher concentrations of
exhaled NOx (41).
Smoking complicates interpretation of concentrations

of FENO and its metabolites in the EBC. It decreases
FENO concentrations of healthy individuals (42).

Moreover, the extent of the decrease correlates with
the cigarette smoke exposure as measured by the
concentration of cotinine in the serum (43). The study
published by Balint et al. shows healthy smokers with
similar EBC nitrite and nitrate concentrations as in
nonsmokers (14). Corradi et al., on the contrary,
reported a five-fold increased values of smokers (18).
Acute nitrosative and oxidative stress caused by cigar-
ette smoke increased the EBC concentrations of NOx

30min after smoking two cigarettes followed by a
decrease to initial values after 90min (14). Our study
showed only a trend toward higher concentrations of
nitrite in healthy smokers compared with nonsmokers.
The same conclusion was reported by Liu et al, who
examined the concentrations of NOx (17). However, the
intersubject variability of EBC concentrations of nitrite/
nitrate was high and the studies were carried out on
small numbers of subjects. For the same reason, we
could not examine the impact of smoking in detail and
separate it from the influence of exacerbation. When the
data from healthy nonsmokers were compared with
those of patients after exclusion of smokers, the study
findings remained unchanged.
Comparison of EBC nitrite levels between healthy

controls and patients in our study could be confounded
by the fact that the groups were not age-matched. The
main reason why healthy subjects were younger was the
difficulty of recruiting older controls with no coexistent
chronic diseases and no medication. However, we
believe that this fact represents no serious limitation
for our conclusions because a recent well-conducted
study found no relationship between age and nitrite or
nitrate levels in the EBC in the healthy subjects between
18 and 80 years of age (15).
We conclude that EBC nitrites are increased in adult

corticosteroid-naive patients with asthma, active IPF,
and exacerbation of COPD, whereas in stable COPD
the concentration is comparable to healthy subjects.
Considerable interindividual variability in each group
and the overlap between EBC nitrite concentrations of
healthy and diseased subjects may limit the value of this
biomarker of nitrossative stress in the airways. Further
improvements to the methods of EBC collection and
sample handling are warranted as documented by the
nitrate results in this study.
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