EXHALED NITRIC OXIDE MEASUREMENT IN HEALTHY
INDIVIDUALS DURING EXERCISE ASSOCIATED WITH THE USE
OF ZONAIR 3D SYSTEM

BACKGROUND

Nitric oxide within the respiratory system, regulates vascular tone and bronchial dilation promoting
dilation both blood vessels and the bronchi, helps facilitate the coordination of ciliated epithelial
cells of the respiratory system and is a major neurotransmitter of non-adrenergic neurons not
cholinergic that end in the bronchial wall. This molecule can be detected in exhaled gas in
concentrations that vary in health and disease. The American Thoracic Society Clinical Practice
Guidelines suggest that higher levels of 50 ppb in adults of eNO (exhaled Oxid nitric) increases
greater than 40% over the last one is the result of inflammation in the airway eosinophilic. Its use
has been studied mainly in bronchial asthma, but also in other diseases such as bronchiectasis,
COPD (Chronic Obstructive Pulmonary Disease), asthma and eosinophilic bronchitis upper
respiratory infections. Now, the usefulness of the determination of exhaled nitric oxide (eNO) is in
the diagnosis and monitoring of the inflammatory state of airways with some limitations for the
costs.

Elevated levels of particulate air pollution has been associated with increased mortality and
respiratory and cardiovascular morbidity and worsening of asthma. Ultrafine particles (UFP); less
than 0.1 microns in aerodynamic diameter) can contribute to health effects for a few reasons: 1)
UFP have a higher predicted pulmonary deposition, 2) have greater potential to induce lung
inflammation, 3 ) greater surface area, and 4) increased oxidative capacity. UFP also have the
potential to cross the epithelium and enter the systemic circulation. This has been studied mainly in
patients with asthma. No studies on the effect of reducing UFP exercise.

Zonair 3 D system is the first mobile space where you can breathe fresh air in a 99.995%
continuous regeneration of particulate pollution-free, viral agents, bacterial and allergens. The
effects of Zonair is 1. Improved physical performance by reducing CO2 pollution. 2. Streamlines the
process of recovery after exercise. 3. Promotes the body's antioxidant mechanisms when combined
with physical activity. 4. Breathing difficulties decreased significantly to isolate potentially allergenic
substances. 5. Decreasing the rate of lactic acid (22%) and glucose (10%), among others.

MATERIAL AND METHODS

Patients:
We include two athletic healthy individuals with no history of sensitivity to inhaled agents. Subject
over 18 who performed aerobic exercise daily for more than 1 hour. No history of hyperactivity in
childhood.

Were randomly assigned as patient A and patient B. Patient A was submitted to daily aerobic
exercise consisting of running a distance of 42 195 for 7 days. The patient B would not perform
exercise for 7 days. Both performed an initial assessment and a final consisting of the realization of
complete pulmonary function tests, measurement of exhaled nitric oxide, and electrocardiogram.
During the 6 days of evolution both slept in the 3D Zonair system. Were performed spirometry,
measurement of exhaled nitric oxide at morning and evening diaily.

RESULTS

The mean baseline FENO in the athlete A was 16.30 parts per billion (ppb) and 24.30 ppb in the
athlete B. (Table 1) There were a progressive decrease in the levels of eNO in the athlete A and an
inverse effect on the athlete B during the week, but the diference was not statistically significant. [p

0.074] (Figure 1 and 2) There were no differences in the values of forced expiratory volume in 1
second (FEV1) and forced vital capacity (FVC) in either of the 2 athletes during all the trial. (Figure
3 and 4).

DISCUSSION

In 1952 in the UK, thousands of people were killed by the inversion that lasted several days, this
event provided the first evidence of the effects of environmental pollution on health. Initially focused
the attention of the adverse effects on the respiratory system, as it is the main entrance of
pollutants to the body, but as has been investigated also can affect the cardiovascular system. In
fact epidemiological studies have shown that daily mortality for cardiovascular and respiratory
diseases, follows the daily fluctuation of air pollution.
Probably the pollution effects on health are caused by the overall gamma of various pollutants,
rather than individual components of the mixture.
Therefore, the interest in recent years is to know the air we breathe to the development of
technology to identify environmental contaminants (Radiello ®, Carbotrap, etc), and the
development of techniques in ambient air purification (Zonair 3D ®).
The depth of penetration of the particulate material depends on its size. Particles larger than 10
m remain in the wetlands of the mouth and nose, smaller particles penetrate the airways, and
particles of 2-3 m enter the alveolar region. Alveolar macrophages as well not eliminate very small
particles, called ultrafine (<0.1 m), as larger particles, and stay longer in the alveolar region.
In last year, there has been an increase in studies that highlight the importance of indoor ultrafine
particles. Frampton et al studied if UFP deposition would be increased and underlying airway
inflammation enhanced. They found no increases in soluble markers of systemic inflammation or
coagulation. They observed subtle changes in leukocyte subsets and adhesion molecule
expression are consistent with effects on vascular endothelial function. Our result are limited
because the number of patients is small. We observed decrease of the level eNO in the patient A,
we hypothesized that it is because of reduction in airway inflammation. However, the patient A did

exercise and decrease of level eNO could be secondary to exercise. It is necessary further doubleblind randomized clinical trial that confirm this findings.

CONCLUSIONS AND CLINICAL RELEVANCE

Our results suggest that exercise associate to use Zonair 3D system decrease level eNO, it may be
to the decrease inflammation airways. Further studies are required to confirm these findings.

Pacient A
Pacient B
N valid

N
10
10
10

Min
4.00
8.00

Max
28.00
39.00

Media
16.30
24.30

Table 1 FENO measurements.

45
40
35
30
25

Patient A

20

Patient B

15
10
5
0
1

Fig 1

2

3

4

5

6

7

8

Desv
7.70353
8.78193

Fig 2

FVC
6
5
4
Patient A
Patient B

3
2
1
0
1
Fig 3

2

3

4

5

6

7

8

FEV1
5
4
3

Patient A

2

Patient B

1
0
1

2

3

4

5

6

7

8

Fig 4
REFERENCE
1. Thomas A., Platts-Millis E. Reduccion of bronchial hyperreactivity during prolonged allergen
avoidance. 1998. Lancet; 675-677
2. Chinellato I, Piazza M, Peroni D, Sandri M, Chiorazzo F, Boner AL, Piacentini G. Bronchial and
alveolar nitric oxide in exercise-induced bronchoconstriction in asthmatic children. Clin Exp Allergy.
2012 Aug;42(8):1190-6.
3. Frampton MW, Utell MJ, Zareba W, Oberdörster G, Cox C, Huang LS, Morrow PE, Lee FE,
Chalupa D, Frasier LM, Speers DM, Stewart J. Effects of exposure to ultrafine carbon particles in
healthy subjects and subjects with asthma. Res Rep Health Eff Inst. 2004 Dec;(126):1-47;
discussion 49-63.
4. Weichenthal S, Dufresne A, Infante-Rivard C. Indoor ultrafine particles and childhood asthma:
exploring a potential public health concern. Indoor Air. 2007 Apr;17(2):81-91.
5. Gallego E, Roca FJ, Perales JF, Guardino X. Comparative study of the adsorption performance
of an active multisorbent bed tube (Carrbotrap, Carbopack X, Carboxen 569) and a Radiello
diffusive sampler for the analysis of VOCs. Talanta 2011 Jul15; 85(1):662-72.
6. Torres-Duque C, Maldonado D, Pérez-Padilla R, et al. Biomass fuels and respiratory diseases: a
review of the evidence. Proc Am Thorac Soc 2008; 5: 577–590.
7. EEA. Air quality in Europe 1990–2004. European Environmental Agency report No 2/2007.
Available at: http://themes.eea.europa.eu
8. Sun Q, Wang A, Jin X, et al. Long-term air pollution exposure and acceleration of atherosclerosis
and vascular inflammation inan animal model. JAMA 2005; 294: 3003–3010.
9. Berglind N, Bellander T, Forastiere F, et al. Ambient air pollution and daily mortality among
survivors of myocardial infarction. Epidemiology 2009; 20: 110–118.
10. Brunekreef B. Health e%ects of air pollution observed in cohort studies in Europe. J Expo Sci
Environ Epidemiol 2007; 17: Suppl. 2, S61–S65.
11. Braun-Fahrlander C, Vuille JC, Sennhauser FH, et al. Respiratory health and long-term
exposure to air pollutants in Swiss schoolchildren. SCARPOL Team. Swiss Study on Childhood
Allergy and Respiratory Symptoms with Respect to Air Pollution, Climate and Pollen. Am J Respir
Crit Care Med 1997; 155: 1042–1049.
12. Ackermann-Liebrich U, Leuenberger P, Schwartz J, et al. Lung function and long term exposure
to air pollutants in Switzerland. Study on Air Pollution and Lung Diseases in Adults (SAPALDIA)
Team. Am J Respir Crit Care Med 1997; 155: 122–129.
13. Hoffmann B, Moebus S, Möhlenkamp S, et al. Residential exposure to traffic is associated with
coronary atherosclerosis. Circulation 2007; 116: 489–496.
14. Perez L, Sunyer J, Künzli N. Estimating the health and economic benefits associated with
reducing air pollution in the Barcelona metropolitan area (Spain). Gac Sanit 2009; 23: 287–294.

15. Pope CA, et al. Fine-particulate air pollution and life expectancy in the United States. N Engl J
Med 2009; 360: 376–386.
16. http://www.zonair3d.com/index.php?s=home&idioma=es&i=1

