
Studies pu lished i  Chest  a d A eri a  Jour al of ‘espiratory a d Criti al Care Medi i e  have 

shown that in normal human breathing, there is up to four times more NO originating from the nose 

than from the mouth. Furthermore, during a breath hold NO accumulates in the nose with even a 30 

second breath hold sharply increasing NO. 

 A commonly asked question is whether the breath should be held after an inhalation or exhalation. 

During the breathing cycle an exhalation is normally followed by an inhalation- inhalation, 

exhalation, inhalation. Exhaling and holding the breath allows NO to pool in the nasal cavity. Upon 

resumption of breathing, air is inhaled through the nose carrying greater amounts of NO into the 

lungs. This might explain some of the therapeutic benefits of breath holding after an exhalation for  
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Abstract  

Study objectives: Nitric oxide (NO) exists in the human breath, but little is known about its 

site of origin or enzyme source. The aims of this study were to locate the main site of NO 

release into human breath and to decide whether the inducible isoform of NO synthase 

(iNOS) and nasal bacteria contribute to breath NO. 

Design: Using a chemiluminescence assay, NO levels were measured in air exhaled from the 

nose, mouth, trachea, and distal airway. The susceptibility of breath NO to treatment with a 

topical corticosteroid (to inhibit iNOS; intranasal beclomethasone dipropionate for 2 weeks) 

and with antibiotics (systemic amoxicillin plus clavulanic acid and intranasal bacitracin zinc, 

5 to 10 days) was also tested. 

Participants: Twenty-one healthy subjects, 9 intubated patients, and 7 patients undergoing 

bronchoscopy. All subjects were nonsmokers free of pneumonia, rhinitis, and bronchitis. 

Measurements and results: Breath NO levels, collected in the gas sampling bags, were 

greater (p<0.05) in the nose (25±2 parts per billion [ppb]) than in the mouth (6±1 ppb), 

trachea (3±1 ppb), or distal airway (1±2 ppb). Similar results were obtained when NO was 

sampled directly by cannula from nose or mouth during resting breathing. Nasal breath NO 

signal increased sharply during 30 s of breath-holding. Beclomethasone, but not antibiotics, 

decreased nasal NO levels without changing oral breath NO. 

Conclusions: Most NO in normal human breath derives locally from the nose where it can 

reach high levels during breath-holding. NO is synthesized, at least in part, by a steroid-

inhibitable, nonbacterial, NO synthase, presumably iNOS. 
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OBJECTIVE:  

Scuba and breath-hold divers are compared to investigate whether endothelial response 

changes are similar despite different exposure(s) to hyperoxia. 

DESIGN:  

14 divers (nine scuba and five breath-holding) performed either one scuba dive (25m/25 

minutes) or successive breath-hold dives at a depth of 20 meters, adding up to 25 minutes of 

immersion time in a diving pool. Flow-mediated dilation (FMD) was measured using 

echography. Peripheral post-occlusion reactive hyperemia (PORH) was assessed by digital 

plethysmography and plasmatic nitric oxide (NO) concentration using a nitrate/nitrite 

colorimetric assay kit. 

RESULTS:  

The FMD decreased in both groups. PORH was reduced in scuba divers but increased in 

breath-hold divers. No difference in circulating NO was observed for the scuba group. 

Opposingly, an increase in circulating NO was observed for the breath-hold group. 

CONCLUSION:  

Some cardiovascular effects can be explained by interaction between NO and superoxide 

anion during both types of diving ending to less NO availability and reducing FMD. The 

increased circulating NO in the breath-hold group can be caused by physical exercise. The 

opposite effects found between FMD and PORH in the breath-hold group can be assimilated 

to a greater responsiveness to circulating NO in small arteries than in large arteries. 
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Abstract 

We characterized the nasal contribution to exhaled nitric oxide (NO) at rest and during 

breathholding in humans. Exhaled NO was greater during nose breathing (141 +/- 17 

nl/min/M2, mean +/- SEM) compared with mouth breathing (68 +/- 6 nl/min/M2, n = 8, p < 

0.001). After voluntary closure of the soft palate (VCSP) to eliminate nasal NO, exhaled NO 

from the mouth decreased further (30 +/- 4 nl/min/M2, p < 0.001). Release of NO into nasal 

passages during VCSP (217 +/- 19 nl/min/M2) was greater than exhaled NO during nasal 

breathing (141 +/- 17 nl/min/m2, p < 0.001), suggesting that nasal NO is taken up by the 

respiratory tract. During mouth breathing or nose breathing, NO concentrations sampled with 

a bronchoscope were higher in the nasopharynx than at the epiglottis or in the trachea in five 

subjects. Increased peak exhaled NO after a breathhold (33 +/- 7 ppb) was reduced (10 +/- 4 

ppb, p < 0.001) after balloon occlusion of the nasopharynx. NO concentration during 

breathholding increased to a greater extent in the nasopharynx than in the pharynx or trachea. 

We conclude that the majority of exhaled NO at rest and during a breathhold originates in the 

nasopharynx. 


