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Nitric oxide (NO) was well known to be a component of air pollution, often in the form of

nitrogen dioxide (NOt. However its importance in biological systems altered dramatically

with the discovery in 1987 that it was the 'endothelial-derived relaxing factor'. Since then

there has been an explosion of research on NO demonstrating that this gaseous molecule was

a widespread physiological mediator and was simultaneously recognised as a vital component

of immune function contributing to macrophage-mediated cytotoxicity. NO was therefore a

key molecule in modulating inflammation, including airway inflammation.

The aim of this thesis was:

l. To adapt a NO chemiluminscence analyser from measuring ainvay pollution to measuring

exhaled air in human subjects.

2. To measure NO levels in exhaled air in adult subjects.

3. To evaluate whether altering measurement parameters altered the levels of NO obtained.

4. To adapt this technique from adults to measure exhaled NO in children.

5. To compare levels of NO from healthy children to groups of asthmatic children on either

bronchodilator therapy only, or on regular inhaled corticosteroids.

6. To compare the levels of NO in a pilot group of asthmatic children before and after

commencement of inhaled corticosteroids.

Methods

A Dasibi Environmental Corporation Model 2t07 chemiluminescence analyser was adapted

specifically requiring a reduction in response time, which was achieved by modification of the

circuitry and re-routing of the analogue signal directly to a chart recorder, achieving a

reduction of the response time by 807o. Addition of a number of analysers allowed the

measurement of exhaled NO, carbon dioxide (COz), mouth pressure and flow for each

exhalation from total lung capacity. Twenty adult subjects (in total) were then studied looking

at direct (NO, CO2, mouth pressure) versus t-piece (with the addition of flow) measurements

making five exhalations from total lung capacity, at 3-minute intervals (direct/t-piece/direct or

t-piece/direct/t-piece in series). The area of NO under the curve versus the peak of the NO

trace was compared and the exhalation pattern of NO versus COz was compared.

Measurement conditions were altered to evaluate the effect of individual parameters on the

exhaled NO result. This included separately assessing different expiratory flows, different

expiratory mouth pressures, the effect of a high versus a low background NO level and the
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effect of drinking water (of varying temperatures) prior to exhalation. Healthy control
children were then enrolled to the study from a local school (Park Walk primary School) and
compared with asthmatic children enrolled from outpatient clinics at the Royal Brompton
Hospital. The asthmatic children were further divided into those on bronchodilator treatment
only and those on regular inhaled corticosteroid therapy. NO was also measured before and
two weeks after commencing inhaled corticosteroid therapy in previously steroid-naive
asthmatics.

Results

It was possible to modify a chemiluminescence analyser to enable measurement of exhaled
No' In 12 healthy subjects (mean age 32 years, 6 males) peak direct NO levels were g4.g

parts per billion (ppb) (standard error of the mean (SEM) l4.0ppb), significantly higher than
4l'2ppb (SEM 10.8ppb) measured via the t-piece system. The exhaled NO rose to an early
peak and plateau while the COz levels continued to rise to peak late in the exhalation. The
mean times to peak NO levels were32.2 seconds (s) (direct) and 23.1s (t-piece), which was
significantly different from the mean times to peak CO2levels at 50.5s (direct) and 51.4s (t-
piece, p<0.001). At peak NO level, the simultaneous COz level of 4.9Vo (SEM 0.l47o,direct)
and 5.2Vo (SEM 0.18, t-piece) were significantly lower than the peak CO2 achieved of 5.gVo

(sEM 0.2rvo, direcr, p< 0.00r) and, 6.2vo (sEM 0.2g, rpiece, p<0.001). There was no
difference between repeat direct or t-piece measurements.

With regard to varying measurement conditions, the mean peak concentrations of NO
decreased by 35ppb (95Vo confidence intervals 25.7-43.4) from a mean of 79ppb (SEM
15.4ppb) at an expiratory flow rate of 250mls/min ro 54.lppb (sEM l0.7ppb) at
I loomls/min. The mean peak concentration of NO did not change significantly when mouth
pressure was increased in eight of ten subjects, although in two it did decrease in the highest
pressure. The mean NO concentration with machine and subjects sampling from a low NO
reservoir was l23ppb (SEM 19.4), which was an increase from results obtained before at
8l.9ppb, SEM l0.2ppb, p=0.00r 95vo, cI -19.9 to -62.7) and after at94.2ppb(sEM lg.3ppb,
p=0'017, 95Vo CI6.0-5.18) sampling with high ambient NO levels. The mean peak NO
concentration decreased from 94.4ppb (sEM 20.g) to 70.gppb (sEM 16.5, p=0.002 95vo cr
12.9 -33.1) with water consumption.

In 39 healthy pre-pubertal children with a mean age of 9.9 years (range 9-l I years, 23 girls)
the mean direct exhaled No level was 49.6ppb (SD 37.8ppb, range ll.5-197.2ppb) compared
with mean exhaled No via t-piece sampling of 29.2ppb (SD 27.rppb, range 5.r-r4r.2ppb).
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There was no significant difference between boys and girls for either the direct or the t-piece

recordings. In comparison with normal children, 15 asthmatic children on bronchodilator

therapy only had much higher levels of exhaled NO at 126.1ppb via the direct system (SD

77.lppb, p4.001) and 109.5ppb via the t-piece system (SD l06.8ppb, p<0.001). In 16

asthmatics on regular inhaled corticosteroids the mean peak exhaled levels were significantly

lower at 48.7ppb via the direct method (SD 43.3ppb, p<0.001) and via the t-piece system at

45.Zppb (SD a5.9ppb, p<0.01). There was no difference between the normal children and the

asthmatic children who were on regular inhaled corticosteroids (p=0.9 direct, P=0.2 t-piece).

There was no significant difference in COz, mouth pressure, duration of expiration and

expiratory flows between the three groups or between the two methods (direct and t-piece). In

six asthmatic children the mean peak exhaled NO levels fell from a medium peak level of

l24.5ppb to 48.6ppb when measured before and two weeks after commencement of inhaled

corticosteroids on treatment.

Discussion

This research showed it was possible to modify an NO chemiluminescence analyser to enable

measurement of exhaled NO in adult and paediatric subjects. Furthermore, it was possible to

measure both healthy and asthmatic children. There were significant differences between the

exhalation pattern of NO and COz suggesting that NO was produced in the airways, not at

alveolar level, unlike COz. The measurement of exhaled NO required a standardised approach

as exhaled NO levels decreased with increasing expiratory flow, when measuring at a time of

high ambient NO concentration, and with consumption of either hot or cold water

immediately preceding exhalation (such as might be given if a subject was coughing). The

findings with expiratory mouth pressure were less certain, with a difference seen in only two

of ten subjects.

The levels of exhaled NO measured in children aged 9-11 years were lower than that

measured in the adult subjects. There was no difference between boys and girls, or with other

parameters such as having a personal history of atopy, a family history of atopy, or the

presence of a smoker or furry pets within the house-hold. These findings may have altered

with increased numbers in this group and could possibly be a type two statistical error. The

results of exhaled NO in asthmatic children on bronchodilator therapy only were significantly

elevated compared to both normal children and asthmatic children treated with regular inhaled

corticosteroids. The exhaled NO level also fell significantly by two weeks following the

commencement of inhaled corticosteroid treatment in steroid-naive asthmatic children. These
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results suggested that the methods of measuring exhaled NO required standardization and that
it could potentially be a non-invasive measure of airway inflammation to follow - particularly
in children with asthma who were conmencing inhaled steroid treatment.
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