
Powder Physics
Devising a better method for 
delivering inhaled medication



Welcome

• Field Study offered by the 
Contemporary Science 
Center 

• Sponsored by and created  • Sponsored by and created  
in collaboration with      
Oriel Therapeutics

• Hosted by 
The Shodor Education 
Foundation



Agenda

• Asthma & Inhalers
• Nature of Powders
• Wave Motion
• Laboratory experiment• Laboratory experiment
• (Lunch!)
• Laboratory experiment
• Summaries

• Presentations



Asthma Facts

• 1 in 15 Americans suffer from asthma
• Costs US $18 billion annually

– ($3b productivity, $10b hospitalization, $5b indirect)

• 14 deaths daily in US • 14 deaths daily in US 
– Death rate for children up 80% since 1980
– Death rate overall up 50% since 1980

• 25% of all Emergency Room visits
• Most common chronic condition among children

– 3rd ranking cause of hospitalization

– #1 cause of school absenteeism



Cost analysis:Asthma vs AIDS

• Worldwide deaths:
– Asthma 180,000              AIDS = 3,000,000

• US deaths:
– Asthma = 4,600               AIDS = 14,000– Asthma = 4,600               AIDS = 14,000

• Global sufferers
– Asthma = 150,000,000    AIDS = 39,000,000

• US research spending (2004)
– Asthma = $ 268 M           AIDS vaccine = $700 M



Asthma Physiology



Causes/Inducers

• Allergens, viral infections
• Cause inflammation
• Treatments

– Cortosteroids (Oral, inhaled)– Cortosteroids (Oral, inhaled)
– Mast-cell stabilizers
– Leukotriene modifiers (Oral)



Triggers

• Cold air, dust, fumes, smoke, exercise
• Trigger bronchoconstriction
• Short-lived, reversible
• Treatments• Treatments

– Beta-agonists (inhalers)
– Anticholinergics (inhalers)



Metered Dose Inhaler (MDI)

• ‘Active’ device
• High pressure gas (CFC!) propellant
• Liquid medication

• Montreal protocol (1987) -
stop CFC use by 2000, medical CFC use by 2009



Nebulizer

• ‘Active’ device
• Compressed air or ultrasonic vibrations
• Liquid medication, finer aerosols than MDIs



Dry Powder Inhaler (DPI)

• Originally ‘Passive’ device
• Dry powder medication



Oriel’s Prototype DPI

• Dry powder medication
• Active device - aerosolizes dry powder (?!?)



Hair Baking Soda

Salt



Hair Baking Soda

Salt millimeter



Common Particles and Their Sizes in Microns



Transmission and Scanning Electron 
Microscope Images

Paramecium viewed by either transmission or scanning 
electron microscopy 



Comparison of Prokaryotic Cell Sizes
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Atmospheric Sedimentation
Diameter (mcm) Time to fall 1 km

0.02 228 year

.1 36 year

.5 3.2 year.5 3.2 year

1 328 day

5 14.5 day

10 3.6 day

20 23 hour

100 1.1 hour

1000 4 min
•Data source: Mark Jacobson, Fundamentals of Atmospheric Modeling, 1999



Aerosolization of Powders
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Oriel’s Prototype DPI

• Active device - adds energy to powder through 
piezoelectric vibration 



Blister laminate (multi-unit dose)

• Piezomaterial incorporated into blister packaging

• Looking to deliver 1-3 µm powder particles



Dynamic Angle of Repose 
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Oriel Therapeutics Technology 
Dispersion Using Powder Specific Energy  
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