
RESULTSPURPOSE
Formulating poorly water-soluble compounds as amorphous solid 
dispersions (ASDs) is one of the most promising approaches to 
enhance solubility and/or dissolution, and membrane flux to 
improve bioavailability.  Due to the unstable nature of amorphous 
materials and the underlying principle for their formation, it is 
clear that the manufacturing technology and process conditions 
would impact ASD material characteristics and properties, and in 
turn in vivo performance.1,2 The purpose of this work is to 
evaluate the interrelationship of microstructure, properties, and 
dissolution performance for ASDs prepared using different 
methods.

RESULTS (CONT’D)

METHOD(S)
Materials: 

Preparation of GDC-0810 ASDs: 

• GDC-0810:HPMC-AS (50:50) ASDs were prepared using spray 
drying and co-precipitation via resonant acoustic mixing (RAM). 
ASD tablets were prepared using a Carver Press.

Material Characterization:
• Solid state properties were characterized using XRPD and DSC

• Particle size distribution, BET surface area, bulk & tapped 
density were measured.  Compaction properties were assessed 
using a Huxley Bertram Compaction Simulator

• Microstructure  of ASDs was characterized using focused Ion 
Beam-scanning Electron Microscopy (FIB-SEM) and X-ray 
Microscopy (XRM)

• In vitro dissolution testing was performed for ASD powders and 
tablets

CONCLUSIONS
• Strong interrelationship of microstructure, physical properties, and 

dissolution performance was observed for GDC-0810 ASDs.  XRM 
image-based analysis is a powerful tool to assess the contribution of 
microstructure to the characteristics of ASDs and provide 
mechanistic understanding of the interrelationship.

• Deeper understanding of the interrelationship of structure-
properties-performance-process will provide insights when 
designing ASD formulations, and guide the selection of 
manufacturing technology and the process optimization to deliver 
ASDs with desired properties and performance. 
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GDC-0810 free acid HPMC-AS (MF)

Component mg/Tablet

GDC-0810 ASD Powder 200

Microcrystalline Cellulose 86

Lactose Monohydrate 86

Croscarmellose Sodium 20

Colloidal Silicon Dioxide 4

Magnesium Stearate 4

TOTAL 400

Fig. 1  XRPD and modulated DSC thermograms of ASD materials 
prepared using different processes. The XRPD data shows that all 
methods of preparation resulted in amorphous material. All three 
ASDs showed a single glass transition temperature (Tg).  The Tg of 
the ASDs ranged from 105.9 °C to 108.8°C 

Fig. 2 Compressibility (a) and compactibility (b) plots of GDC-0810 
ASDs.  Lines on the (b) plot are the exponential fitting of the data. 
All three GDC-0810 ASDs demonstrated good compressibility, 
while RAM-40G and RAM-80G materials demonstrated superior 
compactibility compared to SDD.  As the porosity decreased from 
approximately 0.4 to 0.18, tensile strength of RAM-40G/80G 
compacts increased exponentially from ~ 4 MPa to 10 MPa. 

Fig. 3 (a) Powder dissolution data for GDC-0810 ASDs. (b) USP2 
dissolution data for GDC-0810 ASD tablets. Drug release from 
GDC-0810 SDD powders or tablets was significantly greater than 
RAM-40G and RAM-80G cPAD powders or tablets, respectively.
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Fig. 4  Imaging modality comparison of powders and corresponding tablets: top row -
spray dried dispersion (SDD), bottom row - co-precipitated amorphous dispersion 
(cPAD).  Key: (a1) surface SEM image of SDD powder, (a2) FIB-SEM cross-section image 
of SDD powder, (a3) 2D cross-section image of a 3D XRM scan of SDD powder, (a4) 2D 
cross-section image of a 3D XRM scan of SDD tablet. (b1) surface SEM image of RAM-
40G cPAD powder, (b2) FIB-SEM cross-section image of RAM-40G cPAD powder, (b3) 2D 
cross-section image of a 3D XRM scan of RAM-40G cPAD powder, (b4) 2D cross-section 
image of a 3D XRM scan of RAM-40G cPAD tablet. The SDD material showed wrinkled 
dense particles with a collapsed sphere morphology, whereas the cPAD material 
showed large irregularly shaped particles with significant surface porosity. High 
resolution FIB-SEM cross-section images further revealed the SDD particles to have a 
non-conformal geometry with no resolved porosity, but the cPAD sample was 
characterized by a significant porosity network as observed by the spongy appearance 
in both SEM and XRM images. 

Fig. 5  Microstructure morphology and image segmentation.  (a1) 2D cross-section 
image of a 3D XRM scan of SDD sample. (a2) magnified region as highlighted in (a1), 
interparticle air highlighted by blue arrow, solid materials highlighted by bright green 
arrow. (a3) segmented interparticle air (blue), and solid material (bright green). (a4) 3D 
reconstruction of solid material in SDD powder sample. (b1) 2D cross-section image of 
a 3D XRM scan of cPAD powder sample. (b2) magnified region as highlighted in (b1) 
interparticle air highlighted by blue arrow, solid materials highlighted by green arrows, 
and porosity highlighted with a red arrow. (b3) segmented interparticle air (blue), solid 
material (green), and porosity (red). (b4) 3D reconstruction of all segmented phases in 
cPAD powder sample. The segmented images from the SDD and cPAD powder samples 
further highlight the distinct microstructure differences between the samples.

Fig. 6 Tablet dissolution data were correlated with calculated tablet porosity and 
permeability. (a) ASD tablet dissolution (%GDC-0810 dissolved at 60 min) versus 
XRM determined tablet porosity and (b) ASD tablet dissolution (%GDC-0810 
dissolved at 60 min) versus XRM determined tablet permeability. The 
percentage of GDC-0810 dissolved from ASD tablets at 60 min shows a strong 
correlation with calculated tablet porosity and tablet permeability.
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