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METHODS
Tolerability of N-Chlortaurine
Study Design and Subjects
• This was a double-blind, placebo-controlled phase I study that randomised healthy subjects aged ≥18 years 

to receive 1% N-chlortaurine (Cl-HN-CH2-CH2-SO3Na) with a molecular weight of 181.57 g/mol or 0.9% 
sodium chloride as placebo.

• Using the AKITA JET Inhalation System, 1.2 mL of N-chlortaurine or sodium chloride was delivered to 
the patient using a filling volume of 3 mL. Treatment was conducted for approximately 10 minutes for 5 
consecutive days (Figure 1).

Figure 1. Study Design

Baseline 
Inhalation and 
examinations Final examination 

Long-term 
examination 

Days Weeks 

–14 –1 1 2 3 4 5 10 16 8 14

• The AKITA JET Inhalation System (Figure 2) guided each 
subject’s inhalations with a preset inhalation volume, 
inspiratory flow rate, and inhalation time per breath. A 
smart card was used to preset the dose by a target number 
of breaths being inhaled. Aerosol release times for each 
breath were also preset on the smart card. 

• The subject’s lung function was determined before dose 
administration, and the inhalation volume was adjusted 
accordingly. Inhalation volumes between 300 and 1600 mL 
could be selected. 

Assessments
• Assessments of auscultation, pulse oximetry, pulmonary function, blood count, and blood electrolytes 

were performed according to the schedule in Table 1.

• In addition, adverse sensation was subjectively assessed during and immediately after inhalation.

• Identifying novel anti-infective agents and strategies is important for treating patients with respiratory 
infections who do not respond to antibiotics and for preventing antibiotic resistance.1 

• N-chlortaurine is a natural oxidant produced by activated human granulocytes and monocytes2 and is 
effective and tolerable as a topical anti-infective.3

• Delivery of N-chlortaurine via the inhaled route offers the opportunity to achieve higher local drug 
concentrations to the disease site while minimising the risk of systemic adverse effects.4 

Table 1. Schedule of Examinations

Day 1 Days 2–4 Day 5 Final Examination§ Long-Term Examination**

Preinhalation* 
and 
Postinhalation†

• Auscultation
• Pulse  

oximetry‡

• Pulmonary 
function

• Blood gases

Preinhalation* 
and 
Postinhalation†

• Auscultation
• Pulse  

oximetry‡

• Pulmonary 
function

Preinhalation* and 
Postinhalation†

• Auscultation
• Pulse oximetry‡

• Pulmonary function
• Blood gases
Postinhalation
• Blood tests to measure 

taurine (PK), methionine (PK), 
blood count, and electrolytes 
10 min post inhalation. 
Taurine and methionine 
measured again after 30  
and 60 min

• Peak flow (2, 4, 6, and 8 h 
postinhalation)

• Auscultation
• Pulse oximetry‡

• Pulmonary function
• Blood gases
• Methacholine test  

(bronchial 
hyperresponsiveness)

• Blood parameters 
(taurine, methionine, 
electrolytes [Na, 
K, Ca, Cl], blood 
count, liver and renal 
function parameters 
[ALAT, ASAT, gGT, 
urea, and creatinine])

• Auscultation
• Pulse oximetry‡

• Pulmonary function
• Methacholine 

test on bronchial 
hyperresponsiveness

*Immediately preinhalation.
†10–30 minutes postinhalation.
‡Performed after 5 and 10 minutes.
§Performed a week (5–11 days) after the last inhalation.
**Performed 8–14 weeks after the last inhalation.
PK=pharmacokinetics.

Aerosol Characterisation of N-Chlortaurine
Particle Size Distribution
• Particle size distribution was determined using a laser diffraction particle sizer (Helos, Sympatec GmbH, 

Clausthal-Zellerfeld, Germany). 

• A filling volume of 2 mL of 1% N-chlortaurine or 0.9% sodium chloride (placebo) was nebulised via the 
AKITA JET (Figure 1). 

• Laser diffraction measurements used a measurement interval of 30 seconds with a time base of 500 ms. 
The tolerance window for optical concentration was set to 2%–75%.

• The volumetric particle size distribution was calculated using the Mie theory based on the recorded 
diffraction pattern. Two measurements were performed, and mean values were reported.

Delivered Dose and Output Rate
• Delivered dose was determined by analysis of filter samples capturing all aerosol generated during 

inhalation phases. 

 – An AKITA JET smart card with an inhalation volume of 1 L and a nebulisation time of 4 seconds per 
breath was used. Filter measurements were taken after 30 breaths. 

 – The filtered sample drug was dissolved and analysed by ultraviolet (UV) spectroscopy. 

• For placebo, output rate was determined by gravimetric analysis.

RESULTS
Tolerability of N-Chlortaurine
• Of the 24 subjects randomised into the study, 12 received N-chlortaurine and 12 received sodium chloride; 

all subjects completed the study.

• Abnormal taste (mild or moderate in severity) was the only adverse sensation significantly (P=0.0123) 
more common in the N-chlortaurine group compared with the sodium chloride group both during and 
immediately after inhalation (Table 2). 

 – Abnormal taste sensations decreased with the number of inhalations and did not increase throughout 
the 5 days of treatment.

• No significant changes were reported in any assessed objective parameters before, during, or after the 
inhalation period in either the N-chlortaurine group or sodium chloride group.

• No changes in the concentration of plasma taurine or methionine were observed within 60 minutes of 
inhalation.

Table 2. Adverse Sensations During and Immediately After Inhalation

Adverse Sensations, n (%)
N-Chlortaurine

(n=12)
Sodium Chloride

(n=12) P Value

During inhalation
 Abnormal taste 9 (75) 2 (17) 0.0123
 Tickle in the throat 3 (25) 0 (0) 0.217
 Scraping in the throat 1 (8.3) 1 (8.3) 1.0
 Other sensations 2 (17) 3 (25) 1.0
After inhalation
 Abnormal taste 9 (75) 2 (17) 0.0123
 Tickle in the throat 0 (0) 1 (8.3) 1.0
 Scraping in the throat 0 (0) 1 (8.3) 1.0
 Other sensations 0 (0) 3 (25) 0.217

Aerosol Characterisation and Assessment of Dose Deposited in Lungs by 
Deposition Modelling
• The particle sizes of N-chlortaurine and sodium chloride delivered via the AKITA JET nebuliser were similar 

based on volume median diameter, geometric standard deviation, and fine particle fraction (Table 3).

• Based on gravimetric analysis, the delivered dose was 0.678 mL 1% N-chlortaurine.

• Based on content analysis of the filter vial UV spectroscopy, the delivered dose was 0.527 mL of 1% 
N-chlortaurine, and the absorbance value of the filter sample was 0.513.

• The drug output rate of N-chlortaurine was 339 μg/min and was similar to the output rate of sodium chloride.  

• Smart cards were adjusted to deliver 1.2 mL of 1% N-chlortaurine. To assess the drug amount deposited in 
the lungs and small airways, lung deposition modelling was performed using the International Commission 
on Radiological Protection (ICRP) deposition model.7,8

Table 3.  Particle Size Distribution of 1% N-Chlortaurine and 0.9% Sodium Chloride and Deposition in Lungs 
and Small Airways

Parameter 1% N-Chlortaurine
0.9% Sodium Chloride 

(Placebo)

Mass median diameter (MMD), μm 3.66 3.69
Geometric standard deviation (GSD) 1.98 2.03
Fine particle fraction (FPF) <5 μm, % 69.2 68.6
Lung deposition, mL (% of dose delivered) 0.93 (77.5) 0.92 (76.7)
Small airway deposition TBD TBD

CONCLUSIONS
• Results from the phase I study demonstrated that N-chlortaurine nebulised via 

the AKITA JET device was well tolerated, with subjects reporting only mild to 
moderate, local, and transitory effects.

• Reported taste abnormalities are comparable to routinely used inhaled antibiotics.9

• Test results from aerosol characterisation and deposition modeling 
demonstrate that the AKITA JET Inhalation System can efficiently deliver 
N-chlortaurine into the small airways.

• Together, these findings support further evaluation of N-chlortaurine  
as a novel anti-infective treatment.
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 – However, the heterogeneity of lung disease among patients and ineffective breathing manoeuvres 
during aerosol delivery affect deposition patterns of inhaled anti-infective agents.4 

 – Recent research has shown that there is a clear relationship between patient-specific severity of lung 
disease and the achieved lung concentrations of inhaled antibiotics.5

• The AKITA JET Inhalation System (Vectura Group plc, Chippenham, UK) is a jet nebuliser system that 
aerosolises inhalation solutions and suspensions. 

 – Compared with conventional nebulisers, the breath-actuated AKITA JET Inhalation System can more 
efficiently target medications to the small airways.6

 – The device guides the patient to inhale with a preset inspiratory flow rate and inhalation volume/time,6 with 
the potential to reduce critical inhalation errors caused by poor inhalation technique. 

 – Using an air bolus at the end of inspiration can reduce throat deposition and the amount of aerosol reaching 
the ambient air.

• Here, we report findings from
 – A phase I study assessing the tolerability of inhaled N-chlortaurine using the AKITA JET Inhalation 

System in healthy volunteers.6

 – Aerosol characterisation and assessment of N-chlortaurine and placebo (sodium chloride) dose 
delivered to the lungs via the AKITA JET Inhalation System.

AIMS

Figure 2. AKITA JET Inhalation System


