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Summary 

 

We have developed a rapid early phase formulation development platform DPIs, which introduces a material science 
based approach to product development. Such an approach warrants the application of advanced analytical tools to 
characterise material properties at the mesoscale and provide analysis of formulation microstructure. Owing to the 
complexity of a carrier DPI formulation, it is critical to measure the CMAs of the input materials that relate the 
fluidization and de-aggregation of the powder dose from the device to drug product performance. A key CMA of the 
API component of DPI formulations, therefore, includes the determination of the cohesive-adhesive balance (CAB) of 
the drug particles with respect to the lactose carrier. In conjunction with investigation of the API CMAs, it is important 
to correlate the relationship with CPPs of unit operations such as blending. The role of blending process is to achieves 
a chemical attribute (e.g. good blend homogeneity) and also enables manipulation of a physical attribute (e.g. fine 
particle mass). This allows the formation of a design space for the formulation performance whilst taking into 
consideration the API CMAs. We have demonstrated that such an approach provides a pathway to expedite rapid 
early phase formulation development. 

 

Introduction 

 

Dry powder inhaler (DPI) drug products are an example of a complex dosage form, with many factors that influence 
drug product functionality and stability. With the introduction of a quality-by-design (QbD) initiative by the US Food and 
Drug Administration (FDA), pharmaceutical companies have been encouraged to further understand their chemistry, 
manufacturing and controls (CMC) and their influence on product performance

[1]
. The current QbD paradigm focuses 

on the development of product and process design understanding to enable development of drug product that meet 
the target product profile. In order to achieve this, the QbD approach warrants the development of mechanistic models 
that correlate critical material attributes (CMAs e.g. raw material physicochemical properties), critical process 
parameters (CPPs) and drug product critical quality attributes (CQAs). 

 

We have developed a rapid early phase formulation development platform DPIs, which introduces a material science 
based approach to product development. Such an approach warrants the application of advanced analytical tools to 
characterise material properties at the mesoscale and provide analysis of formulation microstructure. This 
“microstructure” is a function of the surface interfacial interactions between components of the formulation and the 
blending conditions, which define how the surface interfacial forces created upon aerosolization are transferred 
through the microstructure to aid particle re-suspension and therefore, aerosolization performance

[2]
.  

 

During early phase development of DPI dosage forms, full characterisation of the physicochemical properties of input 
materials (e.g. drug and excipient materials) is required. Properties of both drug substance and excipient materials 
that are typically collated include particle size, morphology, polymorphic form and amorphous content

[3]
. Whilst these 

properties provide relevant “finger-print” physicochemical analysis of the materials, they typically do not relate to drug 
product CQAs. Owing to the complexity of a carrier DPI formulation, it is critical to measure the CMAs of the input 
materials that relate the fluidization and de-aggregation of the powder dose from the device to drug product 
performance

[4]
. A key CMA of the API component of DPI formulations, therefore, includes the determination of the 

cohesive-adhesive balance (CAB) of the drug particles with respect to the lactose carrier. In conjunction with 
investigation of the API CMAs, it is important to correlate the relationship with CPPs of unit operations such as 
blending. The role of blending process is to achieves a chemical attribute (e.g. good blend homogeneity) and also 
enables manipulation of a physical attribute (e.g. fine particle mass). This allows the formation of a design space for 
the formulation performance whilst taking into consideration the API CMAs. We have demonstrated that such an 
approach provides a pathway to expedite rapid early phase formulation development. 
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This paper highlights how advanced material characterisation techniques are utilised to determine API and excipients 
CMAs and how they impact formulation performance. This approach enables the acceleration of the early phase 
development of DPI formulations through surface characterisation of the API/excipient, modelling of the blending 
dynamics and how they impact drug product performance.  

 

Case Studies 

 

Study I – Investigation of API Material Properties for Inclusion in Dry Powder Inhaler Formulations 

 

As the forces of interaction of respirable particles are highly sensitive to the surface morphology, surface roughness 
and interfacial free energy properties of the API, the secondary processing of the API has warranted a greater degree 
of characterization to ensure consistency in product quality, stability, and performance characteristics. Whilst 
conventional bulk characterization techniques (e.g. isothermal microcalorimetry measurements of amorphous content) 
may indirectly highlight variations in the physicochemical properties of comminuted API materials, their specific 
relevance to the interfacial interactions between the API and carrier(s) and components of the device are not well 
understood. As a result, identification and control of the critical quality attributes of the micronised API and the 
influence of its processing history has been severely limited. This study investigated the structural relaxation of 
micronized fluticasone propionate (FP) under different lagering conditions, and its influence on aerodynamic particle 
size distribution (APSD) of binary and tertiary carrier-based dry powder inhaler (DPI) formulations.  

 

Micronized FP was lagered under low humidity (LH: 25°C, 33% RH), high humidity (HH: 25 °C, 75% RH) for 30, 60 
and 90 days, respectively, and high temperature (HT: 60 °C, 44% RH) for 14 days. Physicochemical, surface 
interfacial properties via cohesive-adhesive balance (CAB) measurements, and levels of amorphous disorder of the 
FP samples were characterized. Particle size, surface area and rugosity suggested minimal morphological changes of 
the lagered FP samples, with the exception of the 90 day HH (HH90) sample. HH90 FP samples appeared to undergo 
surface reconstruction with a reduction in surface rugosity. LH and HH lagering reduced the levels of amorphous 
content over 90-day exposure, which influenced the CAB measurements with lactose monohydrate and salmeterol 
xinafoate (SX). CAB analysis suggested that LH and HH lagering led to different interfacial interactions with lactose 
monohydrate but an increasing adhesive affinity with SX. HT lagering led to no detectable levels of the amorphous 
disorder, resulting in an increase in the adhesive interaction with lactose monohydrate. APSD analysis suggested that 
the fine particle mass of FP and SX was affected by the lagering of the FP. In conclusion, environmental conditions 
during the lagering of FP may have a profound effect on physicochemical and interfacial properties as well as product 
performance of binary and tertiary carrier based DPI formulations.        

 

Study II – Investigation of Relationship Between CMAs and CPPs for Dry Powder Inhaler Formulations  

 

The powder blending process plays an important role in defining the CQAs of DPI formulations is powder blending. 
For low shear blenders such as rotational tumbling, the shear forces within the mixer are not sufficient to overcome 
the cohesive forces between API particles and powder mixing is a random process. The resulting structure of the 
formulation is largely dependant on the interparticulate forces of the API and particularly the interaction with the 
excipient. 

 

In this study the blending dynamics of two different batches of micronised FP samples were obtained from different 
suppliers. Processing history of the primary FP crystals and micronisation conditions were not supplied. All standard 
physico-chemical measurements could not discern any observable differences between the two suppliers. 
Measurements included particle size distribution, specific surface area, amorphous content determination by 
isothermal microcalorimetery and morphology determination using scanning electron microscopy. However, upon 
processing carrier based DPI formulations with the same grade of lactose, processing equipment and high shear 
conditions, significant variations in the coefficient of variation (%CV), emitted dose, impactor stage profiles, mass 
median aerodynamic diameter and fine particle dose were measured. The variations in the blending dynamics with 
increasing shear energy for the two FP samples are shown in Fig. 1B. These data demonstrated that unlike sample A, 
which rapidly formed an adhesive mixture with the lactose, sample B demonstrated both mixing and segregation of 
the FP with different processing conditions.   
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This source of variability in the behaviour of the FP was investigated by CAB measurements of the two samples. As 
shown in Fig. 1A, the adhesive (FP-Lactose) measurements of FP sample A were significantly greater (approx. 25% 
greater) than the corresponding cohesive (FP-FP) interactions, which led to the rapid formation of an adhesive API-
lactose mixture. Meanwhile, the adhesive (FP-Lactose) measurements of FP sample B were significantly lower 
(approx. 82% less) than the cohesive (FP-FP) interactions, which indicated that the shift in the balance of forces 
dramatically altered the organization and micro-structure of the API in the prepared formulations, with a greater 
propensity of sample B to segregate due to the dominance of the cohesive (FP-FP) interaction. The understanding 
and control of the causes of these changes in the interfacial properties of APIs is critical to the success and 
development of carrier based DPI formulations.   

 

 

 

Figure 1. CAB surface interfacial force balance (A) and blending dynamics (B) of two batches of fluticasone 
propionate with respect to lactose monohydrate. 

 

Study III – Investigation of processing of magnesium stearate in ternary dry powder inhaler formulations  

 

The use of MgST as a ternary agent in DPI formulations has been widely documented, and is known to modify the 
performance and stability of DPI drug products

[5,6]
. Agents such as MgST are described as force control agents in DPI 

formulations, whereby they influence the cohesion and adhesion force balance within the formulation and have a 
corresponding effect on DPI formulations. MgST is usually mixed into the formulation using low-shear approaches 
such as Turbula blending, with the aim of introducing mono-layer coverage over the large lactose particles. This 
approach has been shown to modify adhesive interactions in carrier-based DPIs. However, we have found that high-
shear mixing approaches provide better coverage of the lactose particles with MgST and thereby enable greater 
reduction in drug-lactose interactions (Fig. 2). Figure 2 shows that co-processing of MgST with lactose particles using 
high shear mixing resulted in a significant decrease of the adhesion of particles of budesonide to the lactose surface 
coated with MgST in comparison to lactose co-processed with MgST using Turbula blending.  
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Figure 2. The force of adhesion of budesonide particles measured of a 10 x 10 μm area of as received sieved 
grade lactose (Green triangle), Turbula blended sieved grade lactose with MgST (brown circles) and High 
Shear Processed sieved grade lactose with MgST (orange circles). 

 

Conclusions 

Efficient handling and processing of powder formulations is critical to the successful manufacture of dry powder 
inhaler (DPI) products. Control and reduction of risk can only be achieved by introducing a material science based 
approach to early-phase drug product development. Nanopharm’s approach is to determine predictive relationships 
between CMA, CPP and dynamics of particle de-aggregation within a DPI, which will define the CQA of the drug 
product.  
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