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Over the past decade, an increasing percentage of the new 
chemical entities (NCEs) in pharmaceutical company pipelines 
have had poor oral bioavailability due to low aqueous solubility 
[1, 2]. This trend is largely due to recent biological targets, which 
tend to have higher lipophilicities and more diffuse binding sites.  
Amorphous dispersions have proven to be a particularly 
successful drug-delivery approach for these compounds that have 
show poor bioavailability due low aqueous solubility. Amorphous 
dispersions can be made by spray-drying [1, 3], hot-melt extrusion 
[4], or precipitation [5]. 
 
Numerous polymers have been used as concentration-enhancing 
excipients in amorphous dispersions to improve oral 
solubilization. Among these dispersion polymers, hydroxypropyl 
methylcellulose acetate succinate (HPMCAS) has demonstrated 
superior solubilization performance both in vitro and in vivo.  
HPMCAS polymers have demonstrated particular utility in spray-
dried dispersions (SDDs) due to their high 
glass-transition temperatures (Tgs) and applicability across a 
broad range of active pharmaceutical ingredient (API) 
chemistries. HPMCAS SDDs exhibit excellent manufacturability, 
performance, and stability, and are readily incorporated into 
standard solid dosage forms, particularly tablets. 
 
Although the U.S. Pharmacopeia (USP) specifications for HPMCAS 
are quite broad with respect to succinoyl and acetyl content, only 
a small portion of the acceptable space is covered by the 
traditionally available HPMCAS grades. Moreover, the 
traditionally available compositions tend to occupy only a small 
fraction of the -L, -M, and -H specification space. Thus, the actual 
chemical compositions of HPMCAS that have been 
available have been quite limited. 
 
The goal of this work to demonstrate the potential utility of 
exploring a broad space of HPMCAS succinoyl and acetyl contents 
to maximize solubilization performance and bioavailability of 
specific active compounds. 

Numerous novel HPMCAS polymers with a broad range of succinoyl 
and acetyl contents were synthesized for evaluation in quality-by-
design (QbD) studies. Figure 1 shows a representative structure of 
HPMCAS and Figure 2 shows where these novel compositions fall 
relative to the USP specification and to the traditionally available 
compositions.   
 
Drug/polymer dispersions of two model compounds, phenytoin and 
itraconazole, were spray-dried at 25% drug loading on a custom-built 
miniature spray dryer using a number of the HPMCAS QbD polymers 
shown in Figure 2. 
 
Phenytoin and itraconazole were chosen as models because they are 
both BCS Class II molecules, but have much different molecular 
weights, lipophilicities, melting points, and water solubilities. Despite 
the wide differences in the physicochemical properties of these 
compounds, HPMCAS has demonstrated superior solubilization for 
both compounds relative to other commonly used dispersion 
polymers. However, given the disparate properties of the two drugs, 
we expected that the HPMCAS chemistries (i.e., succinoyl and acetyl 
contents) to achieve optimum solubilization might differ for the two 
compounds.   
 
To assess polymer performance in vitro, the SDD powders were 
suspended in simulated intestinal fluid (SIF) typical of those that have 
been described [6].  Solubilized drug was measured as a function of 
time using a bulk-sparing nonsink microcentrifuge dissolution test. 

Figure 1. Representative Structure Of HPMCAS 

Figure 2.  Example Set Of HPMCAS QbD Samples In Which The 
Ester Levels Were Systematically Varied.  A Subset Of 
These Polymers Was Used In This Study. 

Performance tests were performed to assess the impact of the 
succinoyl/acetyl ratio of the HPMCAS on the dissolution of phenytoin and 
itraconazole SDDs. As shown in Figure 3, the in vitro dissolution 
performance of the phenytoin SDDs depended strongly on the 
succinoyl/acetyl ratio of the HPMCAS. 

The results from Figure 3 were replotted as the area under the curve 
through 90 minutes (AUC0-90) for each polymer composition as a function 
of HPMCAS succinoyl/acetyl ratio. As the results in Figure 4 show, for 
phenytoin, nearly all the solubilized drug was freely dissolved, with few 
drug/polymer colloids suspended in the dissolution medium. In this 
instance, HPMCAS acted primarily as a precipitation inhibitor for 
phenytoin, which is highly supersaturated in the dissolution medium. As 
Figure 4 shows, there is an HPMCAS composition at which the time-
concentration profile of solubilized phenytoin is maximized, shown as the 
single peak in the AUC of the dissolution test. 

Figure 4. AUC0-90 From Nonsink Dissolution Profiles Of Phenytoin From SDDs 
Made Using A QbD Set Of HPMCAS Polymers 

Figure 3. Nonsink Dissolution Profiles Of Phenytoin From SDDs Made Using 
A QbD Set Of HPMCAS Polymers 

The shape of the AUC0-90 plot for solubilized drug versus succinoyl/ 
acetyl ratio for itraconazole was significantly different from that of 
phenytoin, since itraconazole, as a very lipophilic compound, benefits from 
hydrophilic grades of HPMCAS to aid in dissolution.  Note also, that 
essentially all of the solubilized drug measured for itraconazole was in the 
form of drug/polymer colloids, due to the compound’s exceedingly low 
aqueous solubility.  For itraconazole, although the drug is supersaturated 
several-fold, HPMCAS enables formation of these drug/polymer colloids 
that serve as high-activity, high-surface-area sources of drug. 

Figure 5.   AUC0-90 From Nonsink Dissolution Profiles Of Itraconazole 
From SDDs Made Using A QbD Set Of HPMCAS Polymers  

The optimal chemistry for HPMCAS depends to a large extent on the 
physicochemical properties of the active compound (see Figure 6 for map).  
For itraconazole, which is a fairly lipophilic compound, a more hydrophilic 
polymer (with a higher succinoyl/acetyl ratio) is required for better 
wetting and dispersal in water, to achieve rapid dissolution. For a high-
melting-temperature (Tm), rapidly crystallizing compound such as 
phenytoin, a more hydrophobic polymer (with a lower succinoyl/acetyl 
ratio) often inhibits crystallization more effectively., due to hydrophobic 
interactions with the drug.   
 

The range of polymer properties (e.g., amphiphilicity) available in the 
HPMCAS chemistry space makes it possible to adjust the polymer 
chemistry to achieve favorable solubilization performance for active 
compounds with a wide range of physicochemical properties. 
 
Figure 7 is a performance map showing graphically  the chemistry regions 
in which solubilization performance is optimal for itraconazole and 
phenytoin.  Such maps can be useful for guiding selection of polymers and 
for identifying windows of chemistry space appropriate for particular 
molecules.  They can be used to select polymers that are near the center 
of the space for optimal performance and to avoid edges of the optimal 
space where performance failures might occur. 

Figure 6.   Tm Versus LogP Of The Two Model Compounds 

Figure 7.   Map Of The Optimum Chemistry Space For In Vitro Performance 
For The Two Model Compounds, As Determined In This Study 
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Oral bioavailability is an increasing challenge for 
Pharmaceutical development.  In many cases, this challenge  
can be addressed by formulating compounds as amorphous 
solid dispersions.  Among dispersion polymers, HPMCAS has 
shown superior solubilization performance.  This poster 
describes extension of the traditionally available HPMCAS 
chemistry space to optimize in vitro performance as a 
function of polymer composition for two model drugs. 
The results suggest that it is possible to select specific ester 
substitution levels that optimize solubilization performance 
for specific molecules, based on their physicochemical 
properties. 
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SIF = simulated intestinal fluid, PBS = phosphate buffer solution. 


