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Summary  

CB-X is a new chemical entity (NCE) with potential therapeutic action in both the upper and the lower respiratory tract. 
Being a high dosage NCE, drug-alone formulations with appropriate flow properties and distinct aerodynamic 

deposition profiles were required to potentially support future studies: (i) large particle size (PS) > 5 m and low fine 

particle fraction (FPF), and (ii) small PS ~2-3 m and high FPF.  

For that purpose, a particle engineering process for CB-X was developed to enable dry powders with different Particle 
Size Distributions (PSD), which combined size-reduction by microfluidization with product isolation by spray drying (a 
process hereinafter designated as wet polishing). It was shown that wet polishing could enable materials in agreement 
with the defined targets through the same process conditions without negatively impacting the physiochemical 
properties of the Active Pharmaceutical Ingredient (API). In addition, the dry powders had the required Aerodynamic 
Particle Size Distribution (aPSD) without the need for any additional excipients as shown by both Fast Screening 
Impactor (FSI) and Next Generation Impactor (NGI): about 84% w/w of batch 1 consisted of large particles with aPSD 

> 5 m; while a FPF of 73% w/w (aPSD < 5 m) was observed for batch 2. 

These results clearly show that wet polishing is a flexible and tuneable particle engineering technology that can be 
quickly adjusted to formulation drug delivery needs. In addition, the study also demonstrates that FSI can be used to 
expedite impactor testing during process development stages. 

Introduction 

CB-X is a new compound with potential therapeutic activity in respiratory disease. Hence a proof of concept inhalation 
formulation development program was designed to identify an enabling particle engineering process for Dry Powder 
Inhalation (DPI) drug-alone formulation targeting two different regions of the lung: the upper and the lower respiratory 
tract. 

Jet milling is currently the standard size-reduction technology for preparing APIs for inhalation formulations. However, 
there are some limitations with the application of the technology, since partial amorphisation or polymorphic form 
transformation of the API can occur during size-reduction due to the high energy input provided, negatively impacting 
the product stability [1]. In addition, cohesive materials are typically obtained by jet milling which limits the downstream 
formulation options for preparing a drug product with appropriate (i) content uniformity, (ii) flow properties and (iii) 
aPSD. Finally, jet milling presents limited ability in fine-tuning the final PS within the inhalable range [2]. 

Some of these limitations can be overcome by applying wet media milling technologies, such as microfluidization or 
high pressure homogenization, in which some of the energy provided for size-reduction is dissipated by the presence 
of an anti-solvent. Indeed, these technologies have been gaining momentum since (i) formation of amorphous 
domains are avoided, (ii) the polymorphic form and hydration of the APIs are maintained, and (iii) a superior control 
over PS is observed [3]. In addition, wet polishing (combination of size-reduction in wet media with spray drying as the 
isolation step) is readily scalable allowing a streamlined transition across the different clinical stages of a given 
program 

For the development of a wet media milling process, an initial anti-solvent screening is required to identify in which 
solvent a stable suspension can be obtained while minimizing API solubilisation. Afterwards, process parameters 
during the microfluidization step are varied to characterize the size-reduction dynamics of the crystalline API and 
reproducibly obtain material with the required PSD. In order to support both particle engineering and formulation 
process development, abbreviated aerodynamic performance characterization tools, such as the FSI, have been 
proposed. After the process conditions are clearly identified, the full aPSD can be derived with appropriate 
Pharmacopeia impaction methods, namely the NGI. 

The aim of this study was to assess whether CB-X could be engineered using wet polishing to different aPSD while 
maintaining the crystallinity and chemical purity of the API. In addition it was also explored the correlation between FSI 
and NGI for the aPSD characterization of drug-alone DPI formulations. 



Materials and Methods 

Wet Polishing 

Particle engineering consisted on a size reduction step by microfluidization (Microfluidics unit) with the API suspended 
in an appropriate anti-solvent, followed by spray-drying using a laboratory-scale spray dryer (Büchi unit model B-290 
Advanced) in order to isolate the product in the form of a powder. After spray drying, the materials were characterized 
for particle size distribution (PSD) by laser diffraction, morphology by scanning electron microscopy (SEM), assay and 
impurities by HPLC, residual solvents and water content by gas chromatography (GC) and Karl-Fisher (KF), 
respectively, differential scanning calorimetry (DSC) and X-ray powder diffraction (XRPD). 

Aerodynamic Particle Size Distribution Characterization 

The isolated products were initially sieved through a 850 m mesh for the large particle size powder and through a 

600 m mesh for the smaller particle size powder, ensuring a temperature < 30 ºC and a relative humidity between 30 
to 50%. Then, HPMC capsules (size number 3) were manually filled with the wet polished powders with a 1% w/w 
tolerance over the target fill weight. The materials were characterized in terms of their aPSD by FSI (n=3) and NGI 
(n=3) with a Plastiape HR model 7 capsule-based device, operating at 60 L/min at 4 kPa. The mass deposited at each 
stage of the FSI or NGI was determined using a HPLC method, being corrected for the API assay. 

Results and Discussion 

An initial wet polishing trial for CB-X was performed so that the particle size reduction dynamics in the appropriate 
anti-solvent as a function of the number of processing cycles N was established - Figure 1. The microfluidization and 

spray drying steps were conducted without significant technical challenges and, consequently, high yields were 
obtained (> 70% w/w relatively to the SRM charged in suspension). Once the size-reduction curve was known, two 
batches were performed in order to obtain materials with a PSD compliant with the targets: throat/upper respiratory 

airways (PS > 5 m) and deep lung (PS ~2-3 m). Scanning electron microscopy (SEM) of the starting raw material 
(SRM) and of the final spray dried materials after N1 and N2 cycles are also shown in Figure 1, while the remaining 

analytical characterization of the materials is summarized in Table 1. 

Table 1 – Analytical characterization of CB-X wet polished powders. 

Main analytical data CB-X SRM Batch 1  

(N1 WP cycles) 

Batch 2  

(N2 WP cycles) 

PSD: Dv10; Dv50; Dv90:      

 - SD product m n.d. 2.5; 6.8; 16 1.3; 2.7; 5.6 

 XRPD - Crystalline Conforms to SRM Conforms to SRM 

 DSC: Tm and Hm - 261 ºC; 131 J/g 261 ºC; 126 J/g 261 ºC; 125 J/g 

Purity by HPLC % area 99.9 99.9 99.9 

Water by KF % w/w 0.140 0.002 0.160 

Residual anti-solvent by GC ppm n.d. 98 333 

 

As shown in Figure 1 and Table 1, the same wet polishing process enabled materials in agreement with the defined 
PSD targets and with a well defined distribution (span below 2.0). The apparent particle size observed in the SEM 
micrographs was in agreement with the PSD quantitatively determined by laser diffraction. In addition, the wet 
polished particles were more spherical than those of the starting raw material. The wet polishing process in the 
selected anti-solvent had no significant impact on the API crystallinity (as assessed by XRPD and DSC) nor on the 
chemical purity (as determined by HPLC), since the final powders properties conformed to the ones of the native API.  

Both wet polished batches were further characterized in terms of their aerodynamic properties by FSI as well as NGI 
in order to assess whether FSI could be used as an expedite screening tool to support particle engineering and 
formulation process development. The FSI analysis segregates the emitted dose (ED) into a large particle mass 
(LPM; considering the mass deposited on the mouthpiece adaptor, induction port, and pre-separator stages) and a 

fine particle mass (FPM; considering the mass deposited on the filter stage) generating a 5 m cut-off diameter for 
flow rates between 30-100 L/min. FSI (n=3) was performed with two capsules (with a fill weight of 22 mg) at 60 L/min, 



corresponding to 4 kPa pressure drop over the inhaler. All data on the deposition of the powders is summarized in 
Figure 2. 

  

  

Figure 1 - Size reduction curve (Dv50; particle size below which 50 % of the volume of material exists) for CB-X as a 
function of the number of processing cycles. SEM micrographs of starting raw material and after N1 and N2 cycles. 

 

Parameters 

Batch 1 

Dv50 ~6.8 

m 

Batch 2 

Dv50 ~2.7 

m 

 

ED / fill weight % 93 ± 1 64 ± 2 
 

 

FPM / ED % 23 ± 2 74 ± 1 

 

 

 

“LPM” / ED % 77 ± 2 27 ± 1  

 

Figure 2 - FSI (n=3) data for the two different batches of wet polished CB-X (fill weight of 22 mg per capsule). 

Overall, the FSI data for both batches is quite consistent across the individual tests. For batch 1, with a larger particle 
size, the emitted dose by FSI was 93% w/w, which shows that the size-reduced powder had very good flow properties 
without any additional formulation. For this material, most of the emitted dose, namely 77% w/w, consisted of large 

particles with an aPSD > 5 m deposited mostly on the induction port (also known as USP throat) and pre-separator, 
which is consistent with the target application (throat / upper respiratory airways deposition). 

For batch 2, with a smaller particle size, the emitted dose by FSI was 64% w/w, with a significant amount of API 
retained on the device (~28% w/w). This was due to the smaller PS of the material which generally contributes to a 
cohesive and electrostatic behaviour of the powder: additional formulation with excipients could potentially improve 



even further the ED. For this batch, a very high fine particle fraction of about 74% w/w was obtained, which is in 
agreement with the goal for this material. 

The NGI analysis enables a more thorough assessment of the aPSD by segregating the emitted dose into a larger 
number of stages, each characterized by a specific cut-off diameter, allowing the determination of the Mass Median 
Aerodynamic Diameter (MMAD). NGI (n=3) was performed at similar conditions as the FSI. All data on the deposition 
of the powders is summarized in Figure 3.  

Parameters 

Batch 1 

Dv50 ~6.8 

m 

Batch 2 

Dv50 ~2.7 

m 

 

ED / fill weight % 89 ± 1 63 ± 1 

 

 

FPM / ED %  19 ± 0 73 ± 2 

 

 

“LPM” / ED % 84 ± 0 32 ± 1 

 

 

MMAD m 5.2 2.7 

 

 

Geometric SD  2.2 1.8  

Figure 3 - NGI (n=3) data for the two different batches of wet polished CB-X (fill weight of 22 mg per capsule). 

In general, the NGI data for both batches was consistent across the tests and in agreement with the previous FSI 
evaluation in regards to the main parameters: ED and FPF. For batch 2 there was no statistically significant difference 
between the FSI and NGI analysis considering a p-value < 0.05; while for batch 1 there was apparently a significant 
difference for both FPF and ED, although relatively small. The sample size is too small to derive a robust statistical 
comparison between both impaction methods. For both batches, the final MMAD and the GSD values were 
comparable to the previous particle characterization by laser diffraction.  

Conclusions 

Particle Engineering by wet polishing enabled two distinct and well defined particle size distributions; with a Dv50 of 

6.8 m (span 1.9) and 2.7 m (span 1.6), in order to potentially deliver CB-X via the inhalation route to target the 
upper respiratory airways or the lower respiratory airways. The target particle sizes (which consider the whole 
inhalable range) were achieved using the same wet polishing process conditions (after a given number of processing 
cycles) without any change on CB-X crystallinity or chemical purity, and achieved good process yields. 

The aerodynamic properties of the wet polished powders were assessed by both FSI and NGI as drug-alone 
formulations. The aPSD of the powders were consistent across the impaction tests and adequate performance was 
obtained for both batches considering their target therapeutic application: about 84% w/w of batch 1 consisted of large 

particles (aPSD > 5 m) depositing on the initial stages, mostly on the USP throat; and a FPF of 73% w/w (aPSD < 5 

m) was observed for batch 2, meaning that most of the powder was deposited on the lower stages. 
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