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IntroductionIntroductionIntroductionIntroductionIntroduction
Optimal and non-invasive monitoring of the effect of

anti-inflammatory drugs in asthma is important, as asth-
matic patients may require a life-long, individually tai-
lored treatment with corticosteroids. The lack of success of
the traditional parameters, lung function, airway reactivity
and symptoms, in monitoring the effect of corticosteroids,
especially in dose-related studies seems to be related to
their relative insensitivity and slow responsiveness.

It has been suggested that it may take several weeks
for inhaled corticosteroids to become effective. Recently,
a variety of non-invasive approaches, such as exhaled
breath analysis (exhaled gases and condensate) and in-
duced sputum have been developed, which are chang-
ing our understanding about the speed of action of
corticosteroids and their effect in asthma. However, spu-
tum induction 1 cannot be used for day to day monitor-
ing, as it provokes transient neutrophilia [2; 3], and the use
of exhaled condensate is still in the early stage of devel-
opment.

Exhaled NO as a marker of inflammation is compara-
ble to invasive measurements of inflammation, such as
bronchial biopsies and bronchoalveolar lavage [4; 5]
and induced sputum in asthma [6–8]. It is not influenced
by other anti-asthma drugs, such as albuterol or salmeterol
[9–11]. The inflammatory origin [5; 2–15] of elevated lev-
els of exhaled NO in asthma [14; 16], its responsiveness to
suppression by corticosteroids [17; 18] and accumulating
evidence of its association with asthma severity [19–21]
makes exhaled NO an effective and practical marker to
monitor the effect of corticosteroid treatment in asthma.
Dose-dependent reduction in exhaled NO has also been
reported in mild asthmatics treated with low doses of
budesonide (BUD) [22].

General Principles of Exhaled NO MeasurementsGeneral Principles of Exhaled NO MeasurementsGeneral Principles of Exhaled NO MeasurementsGeneral Principles of Exhaled NO MeasurementsGeneral Principles of Exhaled NO Measurements
Technical factors affecting exhaled NOTechnical factors affecting exhaled NOTechnical factors affecting exhaled NOTechnical factors affecting exhaled NOTechnical factors affecting exhaled NO
measurementsmeasurementsmeasurementsmeasurementsmeasurements
Most of the measurements of exhaled NO have been

made by a variety of commercially available chemilumi-
nescence analysers and are based on the photochemical
reaction between NO and ozone generated in the ana-
lyser. The specificity of exhaled NO measurements by
chemiluminescence has been confirmed using gas chro-
matography-mass spectometry [23].

There are two main approaches to measurement of
exhaled NO: on-line, during a single, flow-controlled ex-
halation against a resistance; off-line, using similar con-

trolled exhalation during a single exhalation into reser-
voir. There are a few technical factors, which should be
considered when exhaled NO measurements are used to
monitor asthma treatment (Table 1).

The European Respiratory Society Guidelines on ex-
haled and nasal NO measurements were established in
1997 [24]. Recently, recommendations for standardized
procedures for the on-line and off-line measurement of
exhaled and nasal NO in adults and children have been
published [25]. The standardization of techniques makes it
possible to compare the results of clinical trials from differ-
ent centres.

Conditions and habits affecting exhaled NOConditions and habits affecting exhaled NOConditions and habits affecting exhaled NOConditions and habits affecting exhaled NOConditions and habits affecting exhaled NO
measurementsmeasurementsmeasurementsmeasurementsmeasurements
Conditions that may affect NO concentrations in ex-

haled air should be avoided, or recorded and used for
the interpretation of the data (Table 2).

Origin of Nitric Oxide in Exhaled AirOrigin of Nitric Oxide in Exhaled AirOrigin of Nitric Oxide in Exhaled AirOrigin of Nitric Oxide in Exhaled AirOrigin of Nitric Oxide in Exhaled Air
The correct use of exhaled NO as a readout for IS

efficacy depends on the understanding of its origin in
exhaled air. Exhaled NO has multiple origins, as NOS is
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found in several cell types in the respiratory tract, e.g.
epithelial and vascular endothelial cells, macrophages,
eosinophils, neurons [26], and cannot be a marker of
inflammatory response from a specific cell type. In fact, in
most studies in normal subjects free of inflammation [27–
29], cNOS rather than iNOS was found to be predomi-
nant in the airway wall.

Predominantly bronchial epithelial iNOS production,
has been shown to be the major source of exhaled NO in
conditions in which airway inflammation is present, and
this has been confirmed by direct measurements during
bronchoscopy [4; 30], or in tracheotomized patients [31],
as well as indirectly by a remarkable exhalation flow-
dependence of exhaled NO and accumulation of NO
during a breathhold [4; 32]. The inflammatory origin of
NOS induction [12; 13; 15] and related increase in ex-
haled NO in asthma [14; 16] has been supported by high
presence NO in exhaled air, and increased nytrotyrosine
and iNOS in bronchial epithelium of asthmatics [5] and
lung transplant recipients [33]. Exhaled NO levels were
highly dependent upon the intensity and extent of expres-
sion of iNOS in bronchial epithelium and BAL neutrophilia,
but not in the subepithelial area. This confirms that ex-
haled NO may be not only a valid non-invasive measure
of airway inflammation, but also a marker of the develop-
ment of airway remodelling.

The profound effect of a nebulized [34–36] vs. a com-
parable intravenous dose [37] of NOS inhibitors on ex-
haled NO strongly indicates that respiratory epithelium,
but not vascular endothelial cells, is the major source of
NO in exhaled air, and explains its particular sensitivity to
inhaled corticosteroids.

Clinical Relevance of Exhaled NO in AsthmaClinical Relevance of Exhaled NO in AsthmaClinical Relevance of Exhaled NO in AsthmaClinical Relevance of Exhaled NO in AsthmaClinical Relevance of Exhaled NO in Asthma
Use of Exhaled NO as ReadoutUse of Exhaled NO as ReadoutUse of Exhaled NO as ReadoutUse of Exhaled NO as ReadoutUse of Exhaled NO as Readout
for Corticosteroids Efficacyfor Corticosteroids Efficacyfor Corticosteroids Efficacyfor Corticosteroids Efficacyfor Corticosteroids Efficacy
Oral corticosteroidsOral corticosteroidsOral corticosteroidsOral corticosteroidsOral corticosteroids
The overall effect of steroids on exhaled NO depends

on the prevalence and the degree of iNOS activation
and, therefore, has no effect in normal subjects, and is
more effective in patients with more severe disease.

Oral prednisolone (30 mg daily for 3 days) reduces
the elevated exhaled NO in asthmatic patients, whereas it
has no effect on exhaled NO in normal subjects [34]. Oral
dexamethasone (4 mg/day for 2 days) similarly has no
effect on exhaled NO or serum concentrations of inter-
feron-g and interleukin-1β in normal subjects [38]. This is
presumably because iNOS is the major source of in-
creased exhaled NO in asthma, whereas the major source
of exhaled NO in normal subjects is the constitutive NOS,
which is not suppressed by corticosteroids.

The same dose of prednisolone (30 mg/day), how-
ever, given to mild asthmatics [34] produced a significant,
but moderate (22 %) reduction in exhaled NO within 72
hours (Figure 1). Whereas a cumulative dose of methyl-
prednisolone (180–500 mg) caused 36 % reduction within
50 h in the majority of severe patients with acute asthma [39].
A large dose (1 mg/kg/day for 5 days) of oral pred-
nisolone normalized exhaled NO in infants and young
children with wheezing exacerbations (Figure 2 A) [40],

whereas the same dose in more severe asthmatic children
only shifted their exhaled NO down to the levels of mild-
to-moderate asthma in spite of the improvement in lung
function (Figure 3 B) [10].

Recently, it has been shown that NO levels correlated
with the percentage improvement in FEV

1
 from baseline to

the post-steroid (30 mg prednisolone/day for 14 days)
post-bronchodilator value, with an NO level of > 10 ppb
at baseline having a positive predictive value of 83 % for
an improvement in FEV

1
 of ≥ 15% [41], and therefore may

be useful in predicting the response to a trial of oral
steroid in asthma.

Inhaled corticosteroidsInhaled corticosteroidsInhaled corticosteroidsInhaled corticosteroidsInhaled corticosteroids
Exhaled NO has been used successfully to monitor

anti-inflammatory treatment with inhaled corticosteroids
in asthma [14; 18; 42–44], as it is an extremely sensitive
and rapid marker of the effect of steroid treatment (Ta-
ble 3). A significant reduction in exhaled NO levels has
been observed 6 hours after a single high-dose (8 mg)
BUD (Pulmicort Respulesâ) in symptomatic moderate asth-
ma [45]. Dose-dependent changes in NO have been re-
ported during 3-week treatment with 100/400 mg BUD in
mild asthma [22].

Recently, we have shown for the first time that the onset
of action of inhaled BUD on exhaled NO and the time to
reach the maximal reduction were dose-dependent. The
higher dose of BUD rapidly reduced NO (within 3 days)
and prevented night time asthma symptoms in all patients
(Figure 3 A, B). This was also associated with amelioration
in FEV

1
 (Figure 3 C). The onset of action of 100 mg BUD

was slower and its effect on NO was less, and this was
related to a slower improvement in night time symptoms.
The difference between the effect of 100 mg vs. 400 mg
BUD on NO was apparent within 3 days and was maxi-
mal after 5 and 21 days. NO was further reduced during
the 3rd wk of treatment with 400 mg BUD, in contrast to
a minor NO increase in the 100 mg BUD group, which
coincided with the return of asthma symptoms and in-
creased use of β

2
-agonists.

The time scale of the effect of steroids on exhaled NO
was within the scope of the time needed for inhibition of
iNOS activity (24 hours) [46], or nuclear transcription-factor
kB (30 minutes) after application of corticosteroids [47]. Ho-
wever, the main effect of corticosteroids on iNOS is probably
via inhibition of inflammatory cytokines, such as TNF-α, or IL-
1β, which induced iNOS, or by inhibition of inflammatory
cells such as eosinophils, which express iNOS [48].

The onset of action of steroids on exhaled NO de-
pends not only on their dose, but also on asthma severity
and, perhaps, on formulation and route of their adminis-
tration. Thus, oral prednisolone given to mild asthmatics
34 produced a significant, but moderate (22 %) reduction
in exhaled NO, whereas cumulative dose of methylpred-
nisolone (180-500 mg) caused faster and more profound
(36 %) reduction within 50 hours in the majority of severe
patients with acute asthma [39]. The lack of changes in
NO after 3 and 6 hours after the first dose 100/400 mg
BUD in our study may suggest that the dose was too low
and the patients had only mild asthma.
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An important issue that remains to be resolved is what
level of exhaled NO needs to be achieved during the
treatment. Exhaled NO levels in mild asthma are substan-
tially reduced, but not normalized after a course of differ-
ent doses (100 to 1600 mg) of inhaled steroids [22; 34; 44].
However, the larger dose (1mg/kg/day for 5 days) of
oral prednisolone normalized exhaled NO in infants and
young children with wheezing exacerbations [40], while
more severe asthmatic children had exhaled NO levels
reduced to the levels in mild-to-moderate asthma [10].

Affinity for the glucocorticoid receptor (GR) is, per-
haps, another factor influencing the effect of steroids on
NO. Fluticasone propionate (FP), for example, has a 3-
fold higher GR affinity than BUD, as it is more lipophilic
than BUD, and its half-life of active steroid-receptor com-
plexes is longer (10 hours vs. 5 hours). Therefore, the rate
of association of FP with the receptor is faster, and the rate
of dissociation is slower than BUD [49]. The high affinity of
FP might be the reason for a profound and stable NO
reduction by 76 % after 2 first weeks and 77 % after 4
weeks of treatment reported with 1000 mg/day FP [44].
Indeed, NO levels were not fully recovered (83 % of the
baseline) 2 weeks after stopping of treatment. High dose
of BUD (1600 mg/day), however, reduced exhaled NO
by only 48 % at the end of the 3rd week with further
reduction to 54 % after four weeks of treatment [18; 22;

42]. The levels of NO were not fully recovered two weeks
after FP was stopped, whilst NO levels in our study re-
turned to the almost pre-treatment values within 3-5 days
regardless of the dose of BUD.

Speed, magnitude and duration of changes in ex-
haled NO caused by steroids may be useful not only to
monitor therapeutic efficacy of steroids, but also to assess
their side effects, which are difficult to measure, if conven-
tional methods are applied. Thus, despite the greater
cortisol suppression caused by FP, there were no differ-
ences between the effect of FP, or BUD on FEV

1
, or blood

eosinophils 50.
Inhaled and oral corticosteroidsInhaled and oral corticosteroidsInhaled and oral corticosteroidsInhaled and oral corticosteroidsInhaled and oral corticosteroids
The mechanisms of airway inflammation in asthmatic

patients who respond well to corticosteroids could be dif-
ferent from those patients with severe persistent asthma who
remain symptomatic despite corticosteroid treatment. With
exacerbations, the number of eosinophils, which are capa-
ble of expressing iNOS and producing NO [48; 51], or preva-
lence of neutrophilic inflammation and oxidative stress [52]
may increase and this may also explain a further elevation
of exhaled NO in these patients despite high dose inhaled
and/or oral steroid treatment [19; 52]. Thus, over half of
children with very severe asthma had raised NO levels,
indicating persisting airway inflammation and oxidative stress
despite maximal doses of corticosteroids [53].
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The rationale to quantify endogenous NO formation
as the sum of its N-oxides is that nitrite has a relatively
short half-life (110 s) [54] and may be further oxidised to
nitrate (NO

3
-) by hydroxyl radical, or hypochlorous acid,

or various heme proteins [55]. Therefore, it is difficult to
distinguish whether the nitrite aqueous solution is derived
from NO synthesis, or peroxynitrite, or S-nitrosothiols. The
significance of these various oxidative processes depends
on local levels of NO

2
- and O

2
- formation. Thus, autoxida-

tion of NO with O
2
 is of a particular importance in asthma

where NO production is elevated, and increased levels of
nitrotyrosine have been correlated with elevated levels of
oxidants [56]. The presence of nitrotyrosine in the airways
of patients who died of status asthmaticus supports the
concept of widespread airway and parenchymal inflam-
mation in asthma [57].

Corticosteroids reduce the formation of reactive oxy-
gen species and nitrotyrosine in bronchial biopsies [5]
and BAL [58] in asthma, or formation of NO

2
-/NO

3
- in

nasal lavage and nitrotyrosine in nasal mucosa in allergic
rhinitis [59]. However, considering the importance of
oxidative stress in severe persistent asthma a combination
of corticosteroids with antioxidants, or/and NOS inhibi-
tors may be considered in these patients.

Effect of Other Treatment on Exhaled NOEffect of Other Treatment on Exhaled NOEffect of Other Treatment on Exhaled NOEffect of Other Treatment on Exhaled NOEffect of Other Treatment on Exhaled NO
Inhaled Inhaled Inhaled Inhaled Inhaled βββββ22222-agonists-agonists-agonists-agonists-agonists
The short-acting β2-agonist salbutamol (5 mg via

nebulizer or 400 mg by metered-dose inhaler) has no
acute effect on exhaled NO [9; 10; 60]. Similarly, 1 week
of treatment with a long-acting inhaled β2-agonists, salme-
terol, did not reduced NO in adults or children [9–11].
This is entirely consistent with the fact that inhaled β2-
agonists do not have any effect on chronic inflammation
in asthma and validates the use of exhaled NO to meas-
ure inflammation independently of airway calibre.

Leukotriene antagonistsLeukotriene antagonistsLeukotriene antagonistsLeukotriene antagonistsLeukotriene antagonists
A leukotriene synthase inhibitor (pranlukast) inhibits the

rise in exhaled NO when the dose of inhaled corticosteroids
is reduced [61]. Rapid reduction of exhaled NO has been

recently reported within 2 days of starting montelukast,
leukotriene receptor antagonist, in children with asthma
(Table 4). The mechanism of this moderate 15 % [62], or
30 % [63] reduction is not clear, but may reflect an inhibi-
tory effect on inflammatory cytokines and, therefore, a
reduced impact on iNOS. This data may also suggest an
anti-inflammatory role for leukotriene D

4
 receptor antago-

nism in the treatment of children with mild to moderate
asthma.

iNOS inhibitors, prostaglandins and other drugsiNOS inhibitors, prostaglandins and other drugsiNOS inhibitors, prostaglandins and other drugsiNOS inhibitors, prostaglandins and other drugsiNOS inhibitors, prostaglandins and other drugs
The use of NO modulators, for example iNOS inhibi-

tors, or prostaglandins PGE
2
, are presently at the stage of

clinical research. Potentially, NO modulators may be
important in management of severe asthma in which a
combination of airway inflammation and oxidative stress
together with an inherited, or acquired resistance to ster-
oids makes their treatment difficult.

Endogenous NO may play an important role in the
persistent airway inflammation and hyperresponsiveness
and treatment with aminoguanidine, a specific iNOS in-
hibitor, which has direct scavenging activities against H

2
O

2
,

hypochlorous acid and peroxynitrite [64] may be benefi-
cial. Both, aminoguanidine and NG-nitro-L-arginine me-
thyl ester (L-NAME) can be safely given and have been
known to cause a significant reduction in exhaled NO in
asthmatic patients [34; 35] (Table 5). More long-term treat-
ment will be required to demonstrate whether NO con-
tributes to the persistence of asthmatic inflammation.

Prostaglandins E
2
 and F

2a
 decrease exhaled NO in

normal and asthmatic subjects irrespective of changes in
airway calibre [65]. This effect occurs rapidly and is pre-
sumably due to an inhibitory effect of cyclooxygenase
products on NOS directly rather than through altered
gene transcription [66].

Despite positive changes in PC
20
 in asthmatics treated

with seratrodast, TXA
2
 antagonist, there were no differ-

ences in either exhaled NO or sputum eosinophils [67].
The effect of theophylline and cromones has not yet been
reported.
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dose of steroids. On the other hand our data further
supports the fact that most patients with mild-to-moderate
asthma may require low doses of steroids taken once
daily to achieve or to maintain adequate control [70].

The relationship between exhaled NO and FEV
1
 de-

pends on the severity of asthma. There is no strong link
between exhaled NO, FEV

1
 and symptoms in mild steroid-

na³ve asthma measured under stable conditions [14; 16].
However, higher concentrations of exhaled NO were linked
to recent symptoms of bronchial obstruction [71], and NO
was 2.6 times higher in children with recent symptoms
compared with symptom-free subjects [71]. Exhaled NO
correlated with symptom frequency and with rescue β2-
agonists use, and is significantly higher in those patients
with difficult/severe asthma who have the highest symp-
tom score where changes in lung function may have lim-
ited sensitivity [19].

Induced sputumInduced sputumInduced sputumInduced sputumInduced sputum
The combination of exhaled NO measurements and

sputum induction is the most beneficial approach in the
use of these non-invasive assessments of airway inflamma-
tion in asthma. Recently, it has been shown that a combi-
nation of sputum eosinophilia and increased NO levels
resulted in a positive predictive value of 72 % and a nega-
tive predictive value of 79 % in predicting the response to
a trial of oral steroid in asthma [41]. Elevated levels of
exhaled NO have been validated against invasive meas-
urements of inflammation such as bronchial biopsies or
BAL [4; 5; 30] and induced sputum [6], and a significant
correlation has been found between exhaled NO and
iNOS positive granulocytes in sputum eosinophils [7; 8].

One of the most attractive features of exhaled NO
measurements is that they can be repeated at short inter-
vals without affecting endogenous NO production, or
causing discomfort to the patients. This is invaluable to
study an acute effect and onset of action of a variety of
drugs, that influence NO production in patients of differ-
ent severity and age.

Sputum induction, however, can cause an excessive
bronchoconstriction despite pre-treatment with salbutamol
[8] and significant fall in SaO

2
 [72] during the inhalation of

hypertonic saline solution, as well as neutrophilia detect-

Exhaled NO and Other Means of AsthmaExhaled NO and Other Means of AsthmaExhaled NO and Other Means of AsthmaExhaled NO and Other Means of AsthmaExhaled NO and Other Means of Asthma
MonitoringMonitoringMonitoringMonitoringMonitoring
Symptoms, lung function and airwaySymptoms, lung function and airwaySymptoms, lung function and airwaySymptoms, lung function and airwaySymptoms, lung function and airway
hyperreactivityhyperreactivityhyperreactivityhyperreactivityhyperreactivity
There is accumulating evidence about the strong rela-

tionship between exhaled NO, clinical signs and symptoms
of asthma, especially during acute episodes, or asthma
exacerbations. However, longitudinal studies are needed
to confirm that exhaled NO may be used not only for a
short-term management, but as a guide for long-term man-
agement and treatment of asthma of differing severity.

The traditional means of monitoring asthma are not
sensitive enough to demonstrate dose-dependent effect of
inhaled steroids, especially in mild asthma. The funda-
mental limitation of lung function and PC

20
, measurement,

which reflect airway obstruction and airway hyper-
responsiveness, in monitoring of asthma, is that they are
not directly related to airway inflammation. In addition,
FEV

1
 has a little room for improvement in mild asthma and

PC
20
 is affected by corticosteroids and cannot be routinely

performed in severe asthmatics. Both parameters are slow
to change and lack a discriminating power to distinguish
the effect of different doses of steroids.

For example, only moderate positive changes in FEV
1

and PC
20
 were seen in mild asthma after 4 weeks of treat-

ment with high (1600 mg) dose of BUD, but these changes
were not significantly different from the placebo group
[42]. Indirect inhaled spasmogens, such as AMP, might be
more specific and demonstrate dose-dependent changes
in PC

20
 when compared with placebo after moderate

(400 mg/day), or high (1600 mg/day), but not low (100 mg/
day) doses of inhaled steroids, as has been shown for the
novel corticosteroid ciclesonide [68]. However, a significant
reduction in exhaled NO, which was better than the pla-
cebo and which coincided with improvement in asthma
symptoms and lung function, was seen after this and much
lower doses of BUD 100 mg and 400 mg [22]. The latter
changes were also dose-dependently different.

The advantage of exhaled NO measurements is that
the changes in NO during steroid treatment are dose-
dependent and precede the improvement in symptoms,
FEV

1
 [17] and sputum eosinophils 6 in asthma. Recently,

we have demonstrated that 400 mg BUD rapidly reduced
NO within 3 days and abolished night time asthma symp-
toms in all patients (unpublished observation). This was
also associated with amelioration in FEV

1
. The onset of

action of 100 mg BUD was slower and its effect on NO
was less marked and this was reflected in a slower im-
provement in night time symptoms.

Rapid recovery of exhaled NO levels on stopping
steroid treatment precedes the reduction in lung function,
with FEV

1
, or PC

20
 returning to the pre-treatment level over

1 week [69]. Exhaled NO measurements may therefore
serve as a fast responding indicator to assess patients
compliance with therapy and to titrate their steroid treat-
ment. For example, increasing levels of exhaled NO, asthma
symptoms and use of β2-agonists during the third week of
treatment with low dose of BUD might be an indication of
the loss of asthma control and the need to increase the
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Figure 1. The effect of inhaled prednisolone (30 mg/day) onFigure 1. The effect of inhaled prednisolone (30 mg/day) onFigure 1. The effect of inhaled prednisolone (30 mg/day) onFigure 1. The effect of inhaled prednisolone (30 mg/day) onFigure 1. The effect of inhaled prednisolone (30 mg/day) on
exhaled nitric oxide (NO) in mild asthmatic patients (-·-) andexhaled nitric oxide (NO) in mild asthmatic patients (-·-) andexhaled nitric oxide (NO) in mild asthmatic patients (-·-) andexhaled nitric oxide (NO) in mild asthmatic patients (-·-) andexhaled nitric oxide (NO) in mild asthmatic patients (-·-) and

normal subjects (-o-).normal subjects (-o-).normal subjects (-o-).normal subjects (-o-).normal subjects (-o-).

Figure 2. The effect of oral prednisolone on exhaled NO inFigure 2. The effect of oral prednisolone on exhaled NO inFigure 2. The effect of oral prednisolone on exhaled NO inFigure 2. The effect of oral prednisolone on exhaled NO inFigure 2. The effect of oral prednisolone on exhaled NO in
children with moderate-to-severe asthma.children with moderate-to-severe asthma.children with moderate-to-severe asthma.children with moderate-to-severe asthma.children with moderate-to-severe asthma.

Panel A. Baraldi et al. AJRCCM 1999.
Panel B. Baraldi et al. J Pediatr 1997.

able for at least [24] hours 2 thereafter, and other changes
in their cellular and biochemical composition, both in healthy
subjects and mild asthmatic patients [3; 73].

We have shown that after inhaled steroid dose reduc-
tion, exhaled NO and sputum eosinophil numbers are
increased in parallel with loss of airway function [74].
Exhaled NO has a low threshold towards the effect of
steroids and therefore, even a low dose of locally applied
steroids are capable of a significant reduction in exhaled

Figure 3Figure 3Figure 3Figure 3Figure 3

Panel A. The effect of inhaled budesonide (BUD) on exhaled
nitric oxide (NO) in mild asthmatic patients. Mean values ±
SEM in patients treated with 400 mg BUD (-·-) or 100 mg
BUD (¾G¾) or placebo (-o-). Level of significance of difference
between 400 mg BUD and 100 mg BUD: *= p<0.05.
Panel B. The effect of inhaled 400 mg, or 100 mg BUD, or
placebo on night-time asthma symptoms in patients with mild
asthma.
Panel C. The effect of inhaled 400 mg, or 100 mg BUD, or
placebo on FEV

1
 in patients with mild asthma. Level of

significance of difference from placebo: *= p < 0.05.
Abbreviations:
AHR: airway hyperresponsiveness
AMP: adenosine-5’-monophosphate
ECP: eosinophil cationic protein
eNO: exhaled nitric oxide
FEV

1
: forced exhaled volume in 1s

IL-5: interleukin-5
IL-8: interleukin-8
LPS: lipopolysaccharide
LT: leukotrienes
MPO: neutrophil myeloperoxidase
NO: nitric oxide
PC

20
: provocative concentration of methacholine (histamine,

or other spasmogen) causing a 20 % drop in FEV
1

PEF: peak expiratory flow
SaO

2
: arterial oxygen saturation

URTI: upper respiratory tract infection

0

10

20

30

40

52% (p<0.01)

Before After 5 days Control

A

E
x
h

a
le

d
N

O
(p

p
b

)

0

10

20

30

40

46% (p<0.001)

FEV1 (62�4%) FEV1 (91�4%)

Before After 5 days Control

B

E
x
h

a
le

d
N

O
(p

p
b

)



14 ÀÑÒÌÀ ÒÀ ÀËÅÐÃ²ß, ¹ 2, 2002

ÎÃËßÄÈ Ë²ÒÅÐÀÒÓÐÈ

NO. The use of sputum Eos as readout for steroid treat-
ment efficacy might be limited. It has been shown that only
high (1600 mg/day), or medium (400 mg/day) [42; 68],
but not low (100 mg/day) doses [22; 68] of inhaled ster-
oids were able to significantly reduce the number of Eos
in sputum. No dose-dependent changes were observed
in sputum Eos after either low, or moderate [22], or high
[68] dose of inhaled steroids. Sputum Eos may not reflect
the full extent of asthma severity, or the effect of inhaled
steroids, as the cellular and biochemical composition of
the larger airways (higher presence of Eos, neutrophils
and ECP) is different from the peripheral airways (higher
presence of macrophages, surfactant protein) and de-
pends on the duration of sputum induction [75].

However, the combined use of exhaled NO measure-
ments and sputum induction is of particular importance in
severe persistent, or steroid-resistant asthma, which is asso-
ciated with elevated levels of exhaled NO [19; 52], despite
high dose steroid treatment, neutrophilia [52] and oxidative
stress. It has been shown that elevated ECP levels, but not
Eos numbers in induced sputum of corticosteroid-depend-
ent asthmatics with recent exacerbations may be a more
accurate assessment of airway inflammation in these pa-
tients [76]. The correct identification of these patients by
their profile of inflammatory cells and mediators in sputum
is crucial, as they may require a different treatment.

Future directionsFuture directionsFuture directionsFuture directionsFuture directions
There has been an interesting attempt to direct treat-

ment with steroids in patients with moderate asthma ac-
cording their levels of PC

20
 to methacholine [77]. Apart

from small changes in PC
20
 (1.1 double dilution), the ma-

jor limitation of this and others single-parameter-based-
guidelines is its relatively weak link with airway inflamma-
tion. The advantage of exhaled NO is that it has a much
stronger association to airway inflammation, asthmatic/
atopic inflammation in particular, and is much more sen-

sitive to anti-inflammatory treatment so that the control of
the disease can be improved without the risk of over-
treatment.

Measurements of lipid mediators, such as cysteinyl-
leukotrienes and other eicosanoids, in induced sputum
[78] and exhaled condensate are promising approaches.
However, the methodological issues, such as consider-
able within-subject variability of most sputum eicosanoid
concentrations [78] needs to be addressed. Exhaled con-
densate, is less contaminated with saliva and proteins and
is easy to collect in a controlled fashion, and perhaps
therefore has the advantage. Recently, we have deter-
mined significantly different levels of LT E4, C4, D4, LTB4 in
exhaled condensate of asthmatic patients of different se-
verity before and after treatment with corticosteroids.

Therefore, a combination of exhaled NO measure-
ments with determination of other inflammatory markers
and mediators in exhaled breath condensate, such 8-
isoprostane [79; 80], leukotrienes and prostaglandins, is a
promising non-invasive approach towards asthma and
COPD management.

Objective, non-invasive and effort independent moni-
toring of respiratory symptoms in adults and children with
asthma is vital for optimizing their anti-inflammatory treat-
ment. Recently, we have used a quantitative method for
tracking breath sounds overnight and during the day in
mild-to-severe asthma patients. The overnight wheeze scores
were over 20-times higher in moderate asthmatics on in-
haled steroids when compared with mild steroid naïve
asthmatics (unpublished observation).

A combination of the cornerstone asthma sign such a
wheeze, which is also related to airway obstruction, with
a variety of inflammatory markers in exhaled breath and
exhaled condensate may be clinically useful in detection
and management of cytokine-mediated inflammatory lung
disorders.
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ÓÐÎÂÅÍÜ ÑÎÄÅÐÆÀÍÈß ÎÊÑÈÄÀ ÀÇÎÒÀ Â ÂÛÄÛÕÀÅÌÎÌ ÂÎÇÄÓÕÅ
ÊÀÊ ÌÀÐÊÅÐ ÝÔÔÅÊÒÈÂÍÎÑÒÈ ÒÅÐÀÏÈÈ ÁÐÎÍÕÈÀËÜÍÎÉ ÀÑÒÌÛ Ñ

ÏÐÈÌÅÍÅÍÈÅÌ ÈÍÃÀËßÖÈÎÍÍÛÕ ÑÒÅÐÎÈÄÎÂ

Ñ. ÕÀÐÈÒÎÍÎÂ
ÐåçþìåÐåçþìåÐåçþìåÐåçþìåÐåçþìå

Â ñòàòüå ïðåäñòàâëåíû äàííûå ïðî ïðèìåíåíèå èññëåäîâàíèÿ ñîäåðæàíèÿ îêñèäà àçîòà (NO) â âûäûõàåìîì âîçäóõå â
êà÷åñòâå êðèòåðèÿ ýôôåêòèâíîñòè ïðîòèâîâîñïàëèòåëüíîãî ëå÷åíèÿ áîëüíûõ áðîíõèàëüíîé àñòìîé, îáùèå ïðèíöèïû èçìåðåíèÿ
óðîâíÿ NO â âûäûõàåìîì âîçäóõå, òåõíè÷åñêèå ôàêòîðû, óñëîâèÿ è ñîñòîÿíèÿ, âëèÿþùèå íà èçìåðåíèå ñîäåðæàíèÿ NO â
âûäûõàåìîì âîçäóõå; ÷òî ÿâëÿåòñÿ èñòî÷íèêîì NO. Ïîêàçàíà êëèíè÷åñêàÿ çíà÷èìîñòü ñîäåðæàíèÿ NO ïðè áðîíõèàëüíîé
àñòìå, ïðåäñòàâëåíû äàííûå îá èñïîëüçîâàíèè âûäûõàåìîãî NO êàê êðèòåðèÿ ýôôåêòèâíîñòè êîðòèêîñòåðîèäíîé òåðàïèè
ïðè ïðèìåíåíèè îðàëüíûõ, èíãàëÿöèîííûõ ñòåðîèäîâ, âëèÿíèè äðóãèõ êëàññîâ âåùåñòâ (èíãàëÿöèîííûõ β

2
-àãîíèñòîâ,

àíòàãîíèñòîâ ëåéêîòðèåíîâ, èíãèáèòîðîâ iNOS, ïðîñòàãëàíäèíîâ è äðóãèõ ïðåïàðàòîâ), èõ âëèÿíèå íà ñîäåðæàíèå NO;
ïðèìåíåíèå åãî è äðóãèõ ìåòîäèê (èíäóöèðîâàííîé ìîêðîòû, êîìáèíèðîâàíèÿ èññëåäîâàíèÿ èíäóöèðîâàííîé ìîêðîòû ñ
èçó÷åíèåì ñîäåðæàíèÿ NO â âûäûõàåìîì âîçäóõå, èõ ïðåèìóùåñòâà è íåäîñòàòêè) äëÿ ìîíèòîðèíãà ïðîòåêàíèÿ àñòìû.
Îáîçíà÷åíû ïåðñïåêòèâíûå íàïðàâëåíèÿ â ýòîé îòðàñëè.

USE OF EXHALED NITRIC OXIDE AS READOUT FOR INHALED
CORTICOSTEROIDS EFFICACY

SERGEI A. KHARITONOV
SummarySummarySummarySummarySummary

General principles of exhaled NO measurements, technical factors affecting exhaled NO measurements, conditions and
habits affecting exhaled NO measurements, origin of Nitric Oxide in exhaled air are represented in the article. It was pointed on
clinical relevance of exhaled NO in asthma, use of exhaled NO as readout for corticosteroids efficacy (during the treatment with
oral and inhaled corticosteroids, effect of other treatment on exhaled NO – inhaled b

2
-agonists, leukotriene antagonists, iNOS

inhibitors, prostaglandins and other drugs), their influence on the exhaled NO, use of the exhaled NO measurments and other
methodics of Asthma Monitoring (induced sputum, it’s combination with exhaled NO measurments, their advantages and lack,
future directions also gived in this paper.


