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Summary 

We present a new drug to treat asthma incorporating a novel formulation combining the potent bronchodilator carbon 
dioxide (CO2) delivered to the lung as a gas in combination with a synthetic lung surfactant, perfluoroctyl bromide 
(PFOB) co-delivered as an aerosol.  This unique drug combination, designated S-1226, is being developed by 
academic founders through Canadian based biotech start-up SolAeroMed Inc.  S-1226 has been shown to rapidly 
dilate airways within 4 seconds of delivery – considerably faster than existing therapies.  S-1226 has been proven 
effective in treating both methacholine and allergen induced bronchoconstriction in two animal models of asthma 
(sheep and rat).  S-1226 utilizes unique mechanism of action independent of both adrenergic and cholinergic 
pathways.  As such S-1226 may offer a major innovation in therapy for asthma compared to existing drugs.  In 
humans, we have completed a successful Phase I clinical trial on S-1226 indicating minimal adverse effects at 
therapeutic dosing levels.  S-1226 is currently engaged in Phase II clinical trials intended to demonstrate safety and 
efficacy in allergen induced asthmatic subjects.  The S-1226 combination of CO2 gas and PFOB aerosol presents 
unique challenges in delivering drugs to the lungs, and we are developing IP around novel delivery devices to reflect 
the unique composition of this new treatment for asthma. 

Introduction 

Acute airway constriction, or acute bronchospasm, is characterized by rapidly constricted airways and mucus over-
secretion. This condition is most prevalent in two diseases, asthma and COPD.  Together, asthma and COPD affect 
over 41 million people in the US alone.  Asthma is an increasing and well studied disease and projections

1
 indicate 

that there will be over 43 million Asthma/COPD sufferers in the US in 2014.  In Canada some 140,000 emergency 
room visits and over 500 deaths due to severe asthma attacks occur annually

1
.  Other countries similar per capita 

numbers are reported with approximately 2 million asthma-related emergency room visits in the US, and over 3,500 
deaths due to the disease per year

1
. The main therapies for obstructive respiratory diseases are anti-inflammatory 

drugs and bronchodilators, or a combination thereof
1
. Although these treatments are effective for maintenance of the 

majority of cases, there are three main reasons why they may fail.  First, in extreme cases the airways may be too 
obstructed (due to mucous plugs) for proper dispersion of the medication to the affected areas (Figures 1-3).  Second, 
patients may become less responsive to bronchodilator medication due to desensitization (tachyphylaxis).  And third, 
there is a group of patients that inherently respond poorly to anti-inflammatory medications. 

 

Figure 1: Left lung at autopsy from a 19 year old male who died of acute asthma.  The lungs show areas of hyperinflation 
interspersed with areas of collapse.  Tenacious mucous plugs (bottom right) were seen on histology. 

 



 
 

Figure 2: Silicon rubber casts of airways from non-asthmatic 
and asthmatic individuals show architectural remodelling 
and occlusion of airways by mucous plugs (arrows). 

Figure 3: In severe asthma, standard treatment aerosols will 
tend to bypass the diseased airways and be diverted to 
segments that are already open. 

For these patients, new approaches and classes of drugs acting through different pathways are required.  The 
majority of relevant respiratory drugs utilize two main mechanistic pathways: the bronchodilators work through the 
beta-adrenergic system, and the anti-inflammatory drugs act via activation of glucocorticoid receptors.  Figure 4 
depicts the classes of drugs currently available to treat asthma and COPD.  Of the drugs presented in Figure 4, only 
bronchodilators, specifically short acting β-agonists and anti-cholinergics, are fast acting enough to manage acute 
bronchospasms.  Of these two classes of rescue therapies, the short acting β-agonists are much faster acting than 
the anti-cholinergics, with onset of action in minutes versus close to an hour.  Despite their efficacy, large scale meta-
analyses based on the results of hundreds of patient trials have shown that regular use of β-agonists blunts response 
to further use and increases bronchial sensitivity, resulting in more vulnerability to bronchial spasms and 
tachyphylaxis.  A situation that may increase mortality rates for patients, especially those with asthma.  In response to 
these studies, the FDA restricted the use of long acting β-agonists (LABAs), mandating warning labels to restrict the 
use of LABAs only in conjunction with other asthma control medication, and to discontinue use of LABAs once 
symptom stabilization is achieved.  Although short-acting β-agonists can cause similar side effects, their relatively 
high efficacy compared to experimental drugs has prolonged their use. 

Given the large number of patients who present to the emergency room with severe asthma attacks, it is clear that 
there are serious shortcomings in the current standard of care for severe asthmatics.  The current procedure for 
treating severe asthmatics in the emergency room is as follows for patients presenting to the ER with Severe Asthma 
exacerbation: 

1
st
 line treatments in 100% of patients: 

Short Acting B-Agonists (SABAs):  Bronchodilator, excellent efficacy and fast onset of effect 
(minutes) 
Anticholinergics:  Bronchodilator, slower onset of effect (1-1.5 hours), secondary efficacy compared 
to SABAs 
Corticosteroids:  anti-inflammatory, synergistic action with Bronchodilators.  Long onset of effect (6-
12 hours) 

2
nd

 line treatments (1
st
 line treatment fails in 10-30% of patients

1
) 

Intubation & Mechanical ventilation.  Risk for severe lung trauma, 
 

Because intubation and mechanical ventilation are very invasive procedures that can cause severe lung trauma, it is 
preferable to resolve patients’ acute asthma attacks using first-line treatments.  Due to the limited number of first-line 
pharmaceutical treatments, patients are simply administered higher doses of the same β-agonists present in current 
rescue medications.  For β-agonist-resistant patients, further administration of these drugs may cause adverse 
effects, such as cardiovascular complications and lung trauma. 

For the reasons stated above, there exists today a significant unmet medical need for a new treatment for obstructive 
respiratory disorders like asthma and COPD that: a) is rapid enough to rescue patients that have a small timeframe of 
treatment, b) works effectively through non-adrenergic pathways to treat patients who are unresponsive to 
conventional treatments, c) is safe as compared to current therapies, which may lead to many unwanted side effects, 



and d) is easy to deploy by EMS, in the ED setting, and by patients for personal rescue away from the ED setting.  
The aim of our work is to develop a new drug to treat acute asthma, with near term objectives to demonstrate safety  
and efficacy through Phase I & IIa clinical trials. 

Novel Asthma Drug S1226 

SAMi’s lead product and novel drug formulation (S-1226) is indicated as a rescue treatment for severe, acute asthma 
exacerbations.  It also has the potential to be used for the treatment of acute exacerbations of other obstructive 
respiratory disorders such as COPD and cystic fibrosis, and as a platform technology for delivering other respiratory 
drugs.  Our new formulation addresses many of the shortcomings of current therapies discussed in the preceding 
sections.  S-1226 utilizes both biophysical and physiologic/pharmacological approaches.  It consists of a potent, rapid 
acting bronchodilator, carbon dioxide (CO2), as well as a nebulized liquid PFC, perfluorooctylbromide (PFOB) trade 
name Perflubron.  Together these agents act synergistically to reopen closed airways within seconds of administration 
(Figure 5) and the effect is seen to persist for over 20 minutes.  Video bronchoscopy of this treatment applied to 
constricted large animal model (sheep) airways can be viewed at SolAeroMed.com.  Most importantly the 
bronchodilator effect is entirely independent of the β-adrenergic and cholinergic systems, working through a unique 
mechanism of action.  Moreover, S-1226 shows little evidence of a tachyphylaxic effect in animal models.  The 
proposed formulation is also mildly anti-inflammatory in nature with a low toxicity profile.  In addition, we anticipate 
adverse events to be minimal due to the inherently benign nature of the components.  Carbon dioxide is administered 
at concentrations slightly higher than occurs naturally in the lung, while PFOB is completely inert and nonreactive to 
tissue.  The formulation is also anticipated to have mucous clearing, or mucolytic, properties, enabling enhanced 
opening of the airways and removal of mucus plugs. 

 

 

Figure 4: Current available treatments for Asthma/COPD. 
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Figure 5: Video bronchoscopy of a segmental sheep airway before and after methacholine challenge (upper 
panel).  Lower panel shows complete reversal of the methacholine induced bronchoconstriction in 4 seconds 
following treatment with aerosolized S-1226.  The video can be viewed at www.SolAeroMed.com along with 
supporting experimental results in both sheep and rat models of asthma. 

 

Discussion  

S-1226 appears to work through three distinct mechanisms:  a) A relaxant effect of CO2 on constricted airway smooth 
muscle, b) The ability of the gaseous component to rapidly penetrate closed airways and c) the ability to penetrate 
and lubricate mucus plugs, thus enhancing mucus clearance.  S-1226 aims to complement rather than replace current 
treatments and is likely to be used when conventional bronchodilators are ineffective in opening patient airways.  We 
have confirmed that CO2 does not require β-adrenergic pathways to dilate airways, and thus S-1226 and salbutamol 
(a.k.a. albuterol) do not compete for the same receptors.  In the emergency room, treatment with S-1226 alone or in 
combination with other medications is expected to provide predictable and rapid relief, as well as patient stabilization 
and improved patient outcome (fewer deaths, shorter time to recovery), in particular for salbutamol-resistant patients, 
following a severe asthma attack. 

Although acute asthma will be the initial therapeutic indication we anticipate a future role for S-1226 in treating 
exacerbations of COPD and cystic fibrosis and as a combination therapy to enhance delivery and effectiveness of 
other respiratory drugs. 

Conclusion 

We present a novel drug formulation, S-1226, for the treatment of acute asthma.  S-1226 consists of CO2 enhanced 
air and a synthetic surfactant, Perflubron, which in combination offer rapid and potent bronchodilation.  Results of our 
Phase I safety study indicate negligible side-effects.  S-1226 is currently engaged in Phase II clinical trials intended to 
demonstrate safety and efficacy in allergen induced asthmatic subjects. 
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