
©  2011 Bend Research Inc. To learn more, please contact us at info@bendresearch.com or call 800.706.8655. 

10-8 10-6

Nanoparticles Inhalation Oral

Microspheres

10-5 10-4

50nm
10µm

30µm

Rapid onset oral
Ocular/Nasal delivery
Muco-adhesive 
IR Parenteral

Melt/Spray/CongealDouble emulsion

APPLICATION

Local delivery
Combinations 
NIPD

APPLICATION
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Pre-clinical Phase I Phase II Phase III Product

Nanoparticles (oral, IV process)

SDDs ς(Inhalation)

SDDs ς(oral)

Microspheres (oral CR)

Technology Maturity

100µm20mm

Bend Research Particle Engineering Capabilities
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Lab/Pilot Pilot/CommercialScreening Scale

Mini

milligrams to 1 g 100mg to 100 g kgs to 100s of kg

Pilot/Commercial
1g to kgs

Bend Lab Dryer

Spray Dryers Used During Feasibility Studies

FPF (<5um) = 77%
MMAD = 2.3um
GSD = 1.9

FPF (<5um) = 79%
MMAD = 2.1um
GSD = 2.0

Representative data
Size 3 HPMC capsule, Plastape
NGI, 60l/min, 4sec

Scalability of Engineered-Particle Technologies
Spray-Drying Scale-Up Train
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Pulmonary Particle Engineering Options
Solution/Suspension Options ςSame Spray Drying Process

Crystalline API in 
Amorphous Matrix

Nano-amorphous API 
Amorphous Matrix

Mixed approaches

Dispersion

Cyclone

SeparatorDrying 

Chamber

Drying Nitrogen

Atomizer

Solution 

Tank

Cyclone

SeparatorDrying 

Chamber

Drying Nitrogen

Atomizer

Solution 

Tank

Dynomill

Avestin

ÅExcipient constraints lead to 
flexible formulation 
concepts
ÅMultiple engineered particle 

concepts all utilize spray dry 
process
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Rationale for Dispersion Based 
Platform Technologies

1. Performance
Å Broadly applicable for API
Å Specific to application

2. Manufacture
Å Broadly applicable for API
Å Product consistent across scale (mg ςmetric tons)
Å Formulation development on conventional or 

potentially faster timelines
Å Commercially viable process

3. Stability
Å Predictive physical stability models
ÅModels have been validated by long term (>3 year) 

real time data
Å Extensive experience  with compounds having a 

wide range of physical and chemical properties

Key for inhalation is availability of high Tg
materials that are safe for inhalation.

Microparticles

Oral 
ÅIncrease dissolution rate
ÅIncrease solubility
ÅSustainment of supersaturated 

systems

Pulmonary
ÅReproducible, high fraction 

delivered to lung
ÅEnables un-millableforms
ÅImproves content uniformity 

(combinations)
ÅPhysically stable (resistant to 

humidity and temperature)

(1 ς100µm)

30 µm

Homogeneous Amorphous Dispersions as Basis for 
Delivery Platform Technologies
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= Mass of dose targeted

to lung airways

All data collected using monodose

inhaler device and capsule
Biotherapeutics

Difficult Forms

Triple Combinations

Monotherapy

Dual Combinations

In Vitro Impaction Data
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in vitro Impaction Data 
Potential Impact of Spray Drying Platform
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