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I. Phase I Clinical Trial of Inhaled Sodium Pyruvate on Bronchial Asthma

II & III. Hypothesis & Description of Importance of Study

Bronchial asthma is a disease which involves the conducting airways of
the respiratory track and affects 5-10%  of individuals in the US. The morbidity and
mortality associated with this disease are increasing in both the US and worlwide’. The
mechanisms involved in the pathogenesis of bronchial asthma are complex but it can be
classified as an inflammatory disease of the airways characterized by an increase in
inflammatory cells both in the mucosa and in bronchoalveolar lavage fluid*. Some of the
many therapeutic approaches to managing this disease include various inhaled
compounds, such as beta agonists and both inhaled and systemic steroid treatment. The
purpose of this study is to test the therapeutic value of an endogenous compound, sodium
pyruvate, with anti-inflammatory properties (anti-oxidant) in patients with bronchial
asthma.

Reactive oxygen species (ROS), such as superoxide anion, free hydroxyl radical,
and hydrogen peroxide, have been shown to be toxic to various mammalian tissue3,
including lung4-6, and have been implicated in many human diseases7.  Anti-oxidant
therapy has been shown to be effective in several animal models of inflammatory lung
disease’.“.  Sodium pyruvate is a part of the body’s natural endogenous anti-oxidant
defense system. It is secreted by cells, readily enters cells, and can react with peroxide to
detoxify it“-‘3. Since hydrogen peroxide is also a precursor to other ROS, inhibition of it
has broad anti-oxidant effects. Sodium pyruvate has been shown to have protective anti-
oxidant activity both in vitro”.‘4-‘7  and in vivo 18-19

Clinically, sodium pyruvate has been given to patients for a variety of disorders
ranging from Friedreich’s ataxia”  to open heart operations 2’ It has been administered via
several routes including intravenous20-23, topical administration for hyperkeratotic
disorder?, and in dietary supplementatiot?. Although sodium pyruvate has been given
to patients via several routes, it has not yet been administered via the airways as is
proposed in this trial. Animal model studies in rats and rabbits were conducted to assess
potential adverse effects. Rats were used to assess the impact of sodium pyruvate
administered directly to the lungs by injection. Rabbits were used to assess the impact of



sodium pyruvate administered as an inhaled mist using a nebulizer. There were no
adverse effects noted in the parameter which were monitored for acute lung injury
(histology, bronchoalveolar lavage, fluid content, lung compliance, and arterial blood gas
analysis). In addition, it was shown that the intratracheal administration of sodium
pyruvate was beneficial in diminishing the development of acute lung injury in rats
induced with bleomycin. The generation of toxic radicals is believed to be a major
mechanism of bleomycin lung toxicity.

There are two groups of asthma medications: 1) bronchodilator that help stop
asthma attacks after they have started and 2) anti-inflammatories help to prevent asthma
attacks from beginning. Asthma attacks occur in two stages. The first stage is
characterized by a rapid airway constriction and obstruction by mucosal agents over a
period of minutes. The second stage of asthma attacks occurs 6-10 hours after the initial
attack, resulting in air passages narrowing and the inflammatory production of mucous.
The second phase of asthma is the most damaging, as the inflammation occurs on a
cellular level and becomes a self-perpetuating cycle of attacks followed by an increased
sensitivity to external stimuli, which lead to another attack. It is at his stage of asthma
that sodium pyruvate is expected to be beneficial because of its action at the cellualr
level, by reducing the hydrogen peroxide levels and resuscitating the injured cells.

Again, the importance of this study is manifest by the demonstrated safety of
sodium pyruvate in both animal and human models, and by its reported efficacy both in
vitro and in vivo on reactive airway disease.

IV. Methods
A. Subject Selection-test subjects will be recruited from outpatient clinics in the

area (UConn, Grove Hill, New Britain General, and Hospital for Special
Care), A minimum of 45 test subjects diagnosed with bronchial asthma will be
recruited for this study. There will also be 15 healthy test subjects used as a
control population.

B. Inclusion Criteria-Normal controls will be healthy individuals with no
known or detectable pulmonary or cardiovascular disease. Test group includes
those with bronchial asthma. Test subjects with a clinical diagnosis of
bronchial asthma with ~80%  predicted FEV, and a spirometry within the last
year showing 12% or > improvement in FEV, in response to inhaled
bronchodilators. A full spirometry will be done at the screening visit to ensure
that the subjects satisfy these criteria. All study subjects will have a chest X-

ray taken within a year of the study, and all those with abnormal CXR’s will
be excluded.

C. Exclusion Criteria -
1. Subjects with Severe Asthma (FEV, < 60% predicted)
2 . Cardiopulmonary disease other than bronchial asthma
3. Pregnancy
4 . Females of child bearing potential not on adequate contraception or

lactating
5 . Subjects with systemic steroid treatment within one month
6. <18yo



7 . hospitalization within last 6 months due to acute exacerbation of airway
disease

8 . subjects on escalating dose of immunotherapy
9 . recent dose changes in asthma medication
10. recent addition of new drugs
11. subjects who have participated in another investigational drug treatment

withing the previous month
12. subjects who are currently using tobacco products
13. subjects who are using recreational drugs

D. Washout - subjects who have not taken the following Albuterol in the last 8
hours, Serevent in the last 12 hours, or Atrovent in last 72 hours prior to visit.

E. Special Exclusions for Day of Visit
1. Subjects who have not adhered to above washout times
2 . Individuals that have taken vitamins with anti-oxidant properties (E oe C)

or dietary supplements containing pyruvate at least 24 hours prior to start
of study

3 . Subjects who have had changes in medication since last visit
4 . Subjects who need to use inhaled medication on day of visit

F . Assignment Number and Randomization - as enrolled, each subject will be
sequentially issued a unique subject number. The subjects at UConn will start
with 001. Those from Hospital for Special Care will begin with 100. Once a
number has been assigned it cannot be re-assigned. Subjects may withdraw at
any time without prejudice. Details of the reason why a subject terminates
participation will be recorded in their chart. Replacement subjects will be
added with new numbers as needed.

G. Discontinuation Criteria for Individual Subjects
1. subject demonstrates a drop of 10% or > in FEV, or a >25%  decrease in

PEF in response to inhaled saline or drug.
2 . Subjects with clinically significant asthma exacerbation manifested by

chest tightness and wheezing
3 . In the event that two of the five healthy subjects or six of fifteen asthma

subjects exhibit sever reaction to a given dose of the drug, then the study
will not continue to proceed until a full review is instituted.

H. Subject Procedures
1. Routine Testing - a medical history will be taken and a routing physical

exam will be given during the screening visit (including an EKG). Blood
will be drawn for CBC, Chem-7, and LIT’s  at the beginning of the trial
and at it’s completion, Prior to and after the administration of placebo and
drug, both vital signs and 12 lead EKG’s will be obtained. Vital signs will
also be repeated before and after each spirometry test. All study subjects
must have a CXR taken within a year of the study and have the results
available, otherwise a new one must be obtained and evaluated prior to
admission in the study.

2 . Baseline Measurements - Spirometry will be performed to obtain at least
three flow/volume loops at each designated time as determined by the
FDA, Hydrogen Peroxide Measurement - subjects will breathe through a



sterile mouthpiece with a 2-way valve and the expired air conducted
through a tube (2 feet long and wide enough not to increase resistance)
with a cooling collection system to form breath condensate. A sufficient
volume of 1 ml is usually collected within 15 minutes. The hydrogen
peroxide levels will be measured in this condensate via
photospectrometry, Levels of hydrogen peroxide in expired breath
condensate have been shown to be elevated in patients with COPD30-3’  and
in patients with ARDS4~32-33  This procedure will be performed under the
direct supervision of a respiratory therapist.

3 . Drug Administration - a standard hand held nebulizer will be used to
administer the sodium pyruvate or physiological saline as a placebo. Test
drug will be provided by Cellular Sciences, Inc. Nebulization and
inhalation will occur under direct supervision or a pulmonary physician. A
5 ml volume of saline or drug will be administered via nebulization and
inhalation.

I. Protocol
1. Duration - in this study there will be at least 3 visits planned for each

subject. Visit 1 is a screening visit that will last about 1 hour. Visits 2 & 3
will last for approximately 4 hours each during which time the subject will
remain in the hospital. A follow-up contact of the patient will be made 8
hours after administration of the drug.

2 . Study Drug - confidential (available upon request, but has already been
approved by UConn IRB and FDA)

3. General Divided into 3 Stages
a . First stage involves only the healthy subjects, whereas stages 2 and

3 will involve those with bronchial asthma . Physiological saline
will be inhaled as a placebo and subjects meeting the criteria for
the administration of the drug will be scheduled for a return visit.
Three concentrations of the drug will be administered. The healthy
subjects and the asthmatic subjects will be divided into three
groups, Each group will receive only 1 concentration of the drug.
The first group will receive the lowest concentration. After this
group successfully received this concentration, the second group
will receive a concentration 3x that amount. With demonstrated
safety at this stage, then the third group will receive a
concentration at 10x the first dose. Each subject will inhale 5 ml of
the nebulized drug at the desired concentration. In stage 2, a
baseline FEV, will be obtained for each subject with bronchial
asthma in response to inhaled physiological saline. Spirometry
testing will be performed prior to and at designated times after
administration of the saline. If the subject then meets the inclusion
criteria, the subject will be entered into the next stage which
involves administration of the drug.

J. Laboratory Measurements of Hydrogen Peroxide in Expired Breath
1. briefly 1 ml of breath condensate will be added to 1 ml of tetramethyl

benzidine in the presence of horseradish peroxidase for 30 minutes at



V.

VI.

room temperature, The solution is then acidified with sulfuric acid and
read at a wavelength of 450 nm in a spectrophotometer. The absorbance
has been shown to be proportional to the concentration of hydrogen
peroxide. A standard curve, using known concentrations of hydrogen
peroxide will be used for quantification. Specificity of the assay will be
determined by inhibition with the addition of catalase.

2 . Statistical analysis will be performed using Student’s paired and unpaired
T-test.

Guidance
A. provided by Dr. Thrall during laboratory evaluation and by selected clinicians

at each location who will be responsible for monitoring patient health during
time of drug administration.

B. the evaluation of breath condensate will take place in Dr. Thrall’s lab as
outlined above.

Analysis of Data - see above
A. Because of the confidential nature of the project since it is a phase I clinical

trial funded entirely by venture capitalists with high amounts of money at
stake, a paper and presentation will be produced in publishable form but not
so submitted, The evaluation of performance will be done by Dr. Thrall who
will evaluate the student’s performance and comprehension of collected data.
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