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Summary 

The aim of this presentation is to firstly review the development of the powders for inhalation and dry powder inhalers 
over the past twenty-five years to assess the developments in the formulation science of powders and to examine its 
translation into pharmaceutical products and, secondly to try to vision the development of the next twenty-five years of 
respiratory powder drug delivery and consider some of the drivers that will dictate the development of science and 
products up to 2040. 

Introduction 

Powders for inhalation were developed about 50 years ago. Two strategies were used. One of these strategies 
involved the addition of micronized drugs to larger carrier particles, usually lactose, to produce an interactive mixture. 
In recent years, fine lactose was added to the mixture to improve aerosolisation. The other strategy used only 
micronized drug powder, sometimes with fine lactose. The powder mixtures were aerosolised using an inhalation 
device providing the fine drug particles for delivery to the lungs in a somewhat inefficient manner with only a relatively 
small particle fraction entering the intended target in the deep lung. 

The formulation and delivery approaches were somewhat pragmatic and it was not until the early 1990s that these 
powders received significant attention from the powder scientists.  

The presentation 

The presentation will focus on the development of science to explain and to optimise the delivery of drugs to the 
lungs. The presentation will address the following areas: 

Understanding the role of the carrier in the interactive mixture. Studies were concerned with the 

strength of adhesion between the drug particles and between drug and carrier. Approaches were taken to 
measure interactive forces, including Centrifugation Techniques and Atomic Force Microscopy. There was 
considerable research performed to define “active” sites of adhesion on the carrier and to improve 
detachment by design of the carrier, particularly its surface characteristics to reduced drug adhesion. 

Understanding the role of fine excipients in improving aerosolisation of drugs. Studies addressed the 

role of fine excipients, particularly lactose, in adhering to active sites on the carrier and considered the 
influence of excipient type, concentration and particle size on detachment of the drug from the carrier. 

Addition of force control agents to modify the interactive forces.  Studies addressed the use of a range 

of excipients that reduced interactive forces and improved aerosolisation. These studies included the use of 
magnesium stearate (both as a powder and dry coated onto carrier and drug) and leucine. 

Particle engineering approaches including the preparation of particles by super critical fluid approaches, 

spray drying, including pulmosphere technology and unique crystallisation techniques. The purpose of these 
approaches was to produce a particle with surface characteristics that were more consistent and 
aerosolisable. 

De-agglomeration of cohesive powders. Studies addressed the fundamental science of particle 

agglomeration and de-agglomeration. The role of surface energy of powders and tensile strength of 
agglomerates was explored with a view to understanding the fundamental science to provide a rational basis 
for improved dispersion of agglomerates. 

The presentation will address the use of respiratory delivery to deliver drugs locally to the lungs in treatment of 
asthma, COPD, infection and in the treatment of diseases through systemic absorption. The presentation will address 
the requirements of local and systematic delivery, including dose variability, controlled release delivery and high dose 
delivery. 



Coupled with the approach to understanding the science, the research and development has been accompanied by a 
parallel improvement in the tools and techniques used to understand powder systems. The development of the 
understanding of interactive forces between particles was enhanced by the use of the atomic force microscope to 
quantify the extent of particle interaction, although the application in solid powder systems was always limited by the 
unknown surface contacts. The cohesion-adhesion balance (CAB) was an approach that addressed surface effects 
and was useful in prediction of adhesion or cohesion behaviour. The application of experimental approaches like EPS, 
Raman spectroscopy and tof-SIMS to understanding drug and excipient location in mixtures allowed mapping to 
occur.  

While not the major focus of this presentation, the presentation will consider the development of inhaler devices with a 
view to providing more convenient, efficient and reproducible products.  

The prediction of the future in respiratory drug delivery and the development of science to support this future 
development is a difficult task. In the next 25 years, it is likely to be influenced by a number of factors which include: 

Socio-economic factors, including need to treat respiratory and other diseases in developing countries and to 
respond to a pandemic situation in a cost effective way 

The balance between the fundamental powder research undertaken by research institutions and the applied 
development undertaken by pharmaceutical companies 

The development of greater understanding of the biopharmaceutics of drugs in the lungs, particularly 
dissolution, absorption and targeting within the lung 

 Toxicity considerations, particularly in relation to high dose delivery 

The development of new, orally delivered drugs which are effective in respiratory disease and eliminate the 
need to respiratory delivery 

 The implication of the development of generic products 

 

 

 

 


