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Whilst innovation in inhaler devices and device components has been a regular occurrence over recent years, 

the same degree of novelty has not taken place in formulation science for drug delivery systems for inhalation.  

Perhaps a major constraint in innovation for formulation design is the limited number of excipients currently 

approved by the regulatory authorities for inhalation medicines, and the somewhat demanding requirements 

associated with the approval of additional excipients by regulators to this list even for those materials already 

approved for alternative routes of delivery. There are however a small number of exceptions to this scenario.  

The regulatory enforced changes associated with the new approved propellants for MDIs have been managed 

with the introduction of reformulated products, and through the approval of MDIs containing new NCEs onto the 

market.  Also, with the growing desire to formulate inhaled medicines containing biotech based therapeutic 

agents, the drive to identify other suitable excipients to enable the preparation of stable, quality and efficacious 

inhalable medicines has increased.  And there has been success in this particular field, although great care must 

be taken when generating micron sized particles of such sensitive materials. 

For DPIs, the ubiquitous sugar lactose remains the primary filling/bulking agent, which in most formulations is 

blended with the milled 1 – 5 micron sized drug particles, with milling achieved almost universally for such 

systems by micronisation.  Whilst micronisation is an effective particle size reduction process, its disadvantages 

such as generating highly charged cohesive products, introducing amorphous hygroscopic domains, and inter-

batch variation, have been well recognised for some time, and efforts to mitigate and manage these effects have 

met with only limited success. 

Fruitful scientific studies have researched a range of options for manipulating lactose particles to achieve 

improved aerosol generation characteristics, such as modification of particle surface rugosity and energetics, and 

sequential blending of drug powder with different particle sized fractions of lactose, as well as incorporating low 

levels of nanosized powder flow aids.  Further helpful research has introduced the concept of ‘cohesive-adhesive 

balance’ (CAB), which quantifies requirements for the ‘smart’ drug – lactose blend in terms of a creating a mix 

with sufficient interparticle strength to prevent demixing on handling and packaging, whilst able to demix and free 

adhering drug particles once the aerosol is generated by the patient operating the inhaler device. 

It is perhaps in the area of drug particle design that the most innovative features for improving the formulation of 

aerosols for inhaled drug delivery has taken place.  New ‘bottom up’ approaches which transform a drug solution 

to dry, respirable sized drug particles have been researched, developed, and are operating at scaled-GMP level.  

These processes are in contrast to the ‘top-down’ milling of conventionally crystallised large drug particles, as 

exemplified by micronisation.  The ‘bottom up’ particle formation procedures, including controlled crystallisation, 

spray drying, spray drying followed by sonification and supercritical fluid technologies, overcome many of the 

challenges resulting from high energy milling operations.   Indeed in some cases the need for a carrier can be 

eliminated, inter-batch variability is dramatically reduced, free-flowing micron sized particles are obtained, and 

formation of composite drug-excipient and drug-drug particles is possible.  Such methodologies are proving 

particularly beneficial when generating inhalable particles of biotech based therapeutic agents. 

The presentation will highlight the key points referred to above and provide examples. Additionally, the innovative 

features of the ‘bottom up’ processes will be illustrated and assessed, together with comments on current 

limitations and perceived requirements when designing formulations for respiratory drug delivery.  


