
Non-invasive sampling methods of inflammatory
biomarkers in asthma and allergic rhinitis
Boot, J.D.

Citation
Boot, J. D. (2009, September 10). Non-invasive sampling methods of
inflammatory biomarkers in asthma and allergic rhinitis. Retrieved
from https://hdl.handle.net/1887/13967
 
Version: Corrected Publisher’s Version

License:
Licence agreement concerning inclusion of
doctoral thesis in the Institutional Repository of
the University of Leiden

Downloaded from: https://hdl.handle.net/1887/13967
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/13967


chapter 4

Reversal of the late asthmatic response increases  
exhaled nitric oxide
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Introduction
Exhaled nitric oxide (eno) is indicative of the severity of the airway inflam-
mation in asthma (1,2). Consequently, this non-invasive, patient-friendly 
methodology has recently been introduced into clinical practice as a diag-
nostic and monitoring tool especially for children (3-5). However, despite 
standardization of the eno protocol (6), there are still some issues that need 
to be addressed. For example, whether there does or does not exist a relation-
ship between the airway calibre and the eno levels. A clear-cut relationship 
of eno and the airway calibre may have implications for the measurements 
(7-10).
Late asthmatic airway response (lar) to inhaled allergen, defined as a fall in 
forced expiratory volume in 1 second (fev1) of at least 15% from pre-allergen 
baseline (11), have been shown to be associated with airway inflammation, 
including increased levels of eno (12). We hypothesized that eno levels dur-
ing lar are related to the degree of airway narrowing. Therefore, we studied 
the effect of vigorous bronchodilation with inhaled salbutamol during lar 
on eno levels.

Subjects and methods

subjects
Data from 12 asthmatics (6m/6f, 21-40 y) pc20fev1 methacholine<8 mg/
mL) with mild to moderate persistent asthma (fev1 73.6-121.4 % predicted) 
and dual responses to inhaled house-dust mite (hdm) extract participating 
in an intervention study were used. All subjects had a history of persistent 
asthma for at least 1 year (according to criteria by gina 2002), without any 
other clinically relevant disorders. None of the subjects had smoked tobacco 
during the past year. None was using concomitant anti-asthma or anti-allergy 
medication for at least 6 weeks prior to and during the study, except for 
inhaled short-acting β2-agonists prn. There was no history of viral infections 
of the lower airways for at least 4 weeks. The study was approved by the Ethics 
Committee of the Leiden University Medical Center and all participants gave 
written consent.

study design
The allergen-induced airway response during the lar was measured 
at 1-hourly intervals until 9-h post-allergen. To reverse the lar, 600 μg 
salbutamol was administered through an aerochamber (Volumatic, 
GlaxoSmithKline, Zeist, The Netherlands), and the fev1 was repeated 15 min 
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later. Exhaled no was measured before and approximately 30 minutes post-
salbutamol. For ethical reasons, no placebo-arm was included in this study.

Methods

allergen bronchoprovocation test
The allergen bronchoprovocation test was performed using the standard-
ized 2-minutes tidal breathing method according to Cockcroft (11). Purified 
aqueous allergen extract of Dermatophagoides Pterinyssinus (sq503, 
alk-bpt, alk-Abelló, Nieuwegein, The Netherlands), with 0.5% phenol as a 
preservative was used for the bronchoprovocation tests (bpt). Preparation 
of the hdm extract dilutions was performed according a previously validated 
protocol (13). The allergen aerosols were generated by a DeVilbiss 646 nebu-
lizer (output 0.13 mL/min) connected to an in-and expiratory valve box with 
an expiratory aerosol filter (Pall Ultipor bb50T, Medica bv, Den Bosch, The 
Netherlands). Subjects first inhaled the allergen diluent, and provided the 
subsequent fall in fev1 remained <10% of baseline, they subsequently inhaled 
a total of 3 doubling concentrations of hdm extract at 12 min intervals that 
previously caused a lar. The airway response during the lar was measured 
at 1-hourly intervals until 9 h post-allergen or earlier if subjects experienced 
unbearable discomfort or the fev1 fell below 1.4 L.

airway response
The airway response to the inhaled aerosols was measured by fev1 according 
to standardized lung function techniques and recorded by a spirometer con-
nected to a pc (Vmax Spectra, Sensor Medics, Bilthoven, The Netherlands) 
(14). At each specified timepoint, the fev1 was measured in duplicate, and the 
highest, technically satisfactory fev1 was implicated in the analysis. The airway 
response was quantified as percentage change from pre-allergen baseline fev1.

exhaled no measurements
Exhaled no levels were measured in triplicate (within 10%) by a chemolu-
minescence analyzer (Ecomedics cld88sp, Duernten, Switzerland) at the 
specified timepoints. The mean ppb-value was implicated in the analysis; the 
response was quantified as percentage change from pre- to post-salbutamol 
value. 

analysis
fev1 and eno responses were correlated using a Spearman Rank Order 
Correlation Coefficient.
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Results 
All subjects had a lar. As compared to pre-allergen baseline, the mean fall in 
fev1 at the time of reversal was 33.3% (range 15.1-57.7%). Salbutamol increased 
fev1 on average by 43% (sd: 16%) as compared to pre-salbutamol fev1.
At the end of the allergen challenge, the mean eno pre-salbutamol was 60.2 
ppb (30.6-108.1 ppb). Salbutamol increased eno on average by 30% (range: 
39.06 – 140.6 ppb; sd:17%). The Spearman Rank Order Correlation between 
the % change in fev1 and the % change in eno (pre- versus post-salbutamol) 
was 0.51 (p<0.02) (Figure).

figure 1 There was a significant correlation between the % change in fev1 and the % change in eno 
(pre- versus post-salbutamol); the spearman rank order correlation was 0.51 (p<0.02).

Discussion
We found a raised eno level following reversal of airways obstruction with 
inhaled salbutamol during the lar at 9 hours post-allergen. Our data under-
score and extend earlier findings.
First, late asthmatic responses (lar) are associated with increased airway 
inflammation and accordingly, Kharitonov et al found increased eno levels 10 
hours post-allergen in asthmatic subjects, corresponding with the magnitude 
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of the lar at 9 h post-allergen (12). Second, eno levels have been found to 
relate to the airway diameter. Various studies in asthma showed decreases 
in eno levels following bronchoconstrictor stimuli including methacholine, 
histamine, hypertonic saline, adenosine monophosphate (amp) and exer-
cise-induced bronchoconstriction (7,9,10). Alternatively, following inhalation 
of salbutamol, Silkoff et al found increased levels of eno corresponding with 
increases in fev1 in asthmatic subjects in absence of allergen challenge (8).  
The present study combines all abovementioned observations: in agreement 
with Kharitonov’s data (12), we found similar pre-bronchodilator eno values 
during the lar at 9 h post-allergen. And, according to the observations of 
Silkoff et al in the absence of allergen, there was a 30% raise in eno levels fol-
lowing bronchodilation (8). 
Our data imply that as a result of allergen-induced bronchoconstriction, 
the eno level during the lar is usually underestimated. Although eno has 
been shown to reflect the degree of airway inflammation in asthma (15,16), 
Ricciardolo et al have demonstrated that the allergen-induced eno may 
also act as an endogenous bronchoprotective mechanism (17). Therefore, 
using a bronchodilator following allergen challenge may not only relieve the 
bronchoconstriction, but may also support this endogenous bronchoprotec-
tive mechanism. Another implication of our study may be that for a correct 
non-invasive assessment of airway inflammation in asthma, eno should be 
measured after (appropriate) bronchodilatation. To enable comparison with 
other studies or measurements in individuals, we suggest that both the bron-
chodilator dose and timepoint of post-bronchodilator eno measurements 
should be standardized. 



84 non-invasive sampling methods of inflammatory biomarkers in asthma  
 and allergic rhinitis

references

1 DeNicola LR, Kissoon N, Duckworth LJ, Blake KV, 
Murphy SP, Silkoff PE. Exhaled nitric oxide as an 
indicator of severity of asthmatic inflammation. 
Pediatr Emerg Care 2000;16:290-5.

2 Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes 
PJ. Correlation between exhaled nitric oxide, sputum 
eosinophils, and methacholine responsiveness in 
patients with mild asthma. Thorax 1998;53:91-5.

3 Baraldi E, Azzolin NM, Zanconato S, Dario C, 
Zacchello F. Corticosteroids decrease exhaled 
nitric oxide in children with acute asthma. J Pediatr 
1997;131:381-5.

4 Green RH, Brightling CE, McKenna S, Hargadon B, 
Parker D, Bradding P, Wardlaw AJ, Pavord ID.  
Asthma exacerbations and sputum eosinophil  
counts: a randomised controlled trial. Lancet 
2002;360:1715-21.

5 Baraldi E, de Jongste JC; European Respiratory 
Society; American Thoracic Society. Measurement 
of exhaled nitric oxide in children, 2001. Eur Respir J 
2002;20:223-37.

6 Kharitonov S, Alving K, Barnes PJ. Exhaled and nasal 
nitric oxide measurements: recommendations. The 
European Respiratory Society Task Force. Eur Respir J 
1997;10:1683-93.

7 De Gouw HW, Hendriks J, Woltman AM, Twiss 
IM, Sterk PJ. Exhaled nitric oxide (no) is reduced 
shortly after bronchoconstriction to direct and 
indirect stimuli in asthma. Am J Respir Crit Care Med 
1998;158:315-9.

8 Silkoff PE, Wakita S, Chatkin J, Ansarin K, Gutierrez 
C, Caramori M, McClean P, Slutsky AS, Zamel N, 
Chapman KR. Exhaled nitric oxide after beta2-agonist 
inhalation and spirometry in asthma. Am J Respir Crit 
Care Med 1999;159:940-4.

9 Ho LP, Wood FT, Robson A, Innes JA, Greening AP. 
The current single exhalation method of measuring 
exhales nitric oxide is affected by airway calibre. Eur 
Respir J 2000;15:1009-13. 

10 Terada A, Fujisawa T, Togashi K, Miyazaki T, 
Katsumata H, Atsuta J, Iguchi K, Kamiya H, Togari 
H. Exhaled nitric oxide decreases during exercise-
induced bronchoconstriction in children with 
asthma. 
Am J Respir Crit Care Med 2001 15;164:1879-84. 

11 Cockcroft DW, Murdock KY, Kirby J, Hargreave F. 
Prediction of airway responsiveness to allergen from 
skin sensitivity to allergen and airway responsiveness 
to histamine. Am Rev Respir Dis 1987;135:264-7.

12 Kharitonov SA, O’Connor BJ, Evans DJ, Barnes PJ. 
Allergen-induced late asthmatic reactions are 

 associated with elevation of exhaled nitric oxide. 
 Am J Respir Crit Care Med 1995;151:1894-9. 
13 Diamant Z, Timmers MC, van der Veen H, Page CP, 

van der Meer FJ, Sterk PJ. Effect of inhaled heparin on 
allergen-induced early and late asthmatic responses 
in patients with atopic asthma. Am J Respir Crit Care 
Med 1996;153:1790-5.

14 Quanjer PH, Tammeling GJ, Cotes JE, Pedersen 
OF, Peslin R, Yernault JC. Lung volumes and 
forced ventilatory flows. Report Working Party 
Standardization of Lung Function Tests, European 
Community for Steel and Coal. Official Statement of 
the European Respiratory Society. Eur Respir J Suppl 
1993;16:5-40.

15 Saleh D, Ernst P, Lim S, Barnes PJ, Giaid A. Increased 
formation of the potent oxidant peroxynitrite in 
the airways of asthmatic patients is associated with 
induction of nitric oxide synthase: effect of inhaled 
glucocorticoid. faseb J 1998;12:929-37.

16 Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes 
PJ. Correlation between exhaled nitric oxide, sputum 
eosinophils, and methacholine responsiveness in 
patients with mild asthma. Thorax 1998;53:91-5.

17 Ricciardolo FL, Timmers MC, Geppetti P, van 
Schadewijk A, Brahim JJ, Sont JK, de Gouw HW, 
Hiemstra PS, van Krieken JH, Sterk PJ. Allergen-
induced impairment of bronchoprotective nitric 
oxide synthesis in asthma. J Allergy Clin Immunol 
2001;108:198-204.


