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Improving the Dissolution of Poorly Soluble APIs 
with Inorganic Solid Dispersions

Solid dispersions based on organic polymers can have stability issues. Inorganic 
solids, especially those based on silica chemistry, may be suitable alternatives to 
organic polymers due to their pre-formed pore system, high absorptivity, and 
commercial availability in pharmaceutical quality. Mesoporous granulated colloidal 
silicon dioxide has been studied with class II and IV actives of the Biopharmaceutics 
Classification System for its ability to improve dissolution. Using suitable formulation 
strategies, the dissolution of these APIs could be significantly increased. The 
absorption of poorly soluble APIs onto silicon dioxide can, therefore, be considered a 
viable formulation path to overcome solubility challenges.
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Changes in the way new chemical entities are developed and identified have led to a 
situation where many active pharmaceutical ingredient (API) innovations exhibit poor 
aqueous solubility. Although numbers deviate (1, 2), there is general agreement that 
many new drug candidates, especially those coming from synthesis (3), face aqueous 
solubility challenges. Insufficient solubility may even lead to the abandonment of an 
otherwise promising new chemical entity.

Although no single formulation approach can solve the issue of poor solubility, a 
recent survey lists solid dispersion as one of the most promising techniques to 
overcome this challenge (4). In solid dispersions, the poorly soluble API is finely 
dispersed in a matrix of another solid (5-7). Traditionally, these formulations use 
organic polymers (e.g., polyacrylates, polyethylene glycols, polyvinyl pyrrolidones, 
polyvinyl alcohols) or cellulose derivatives as the matrix (8). Solid dispersions are 
produced either by the co-spray drying of the API and the matrix polymer or through 
hot-melt extrusion, where the API is incorporated into the polymer matrix at high shear 
and elevated temperatures. Solid dispersions aim to transform the API into an 
amorphous, more soluble form. Using this approach makes the stabilization and long-
term stability of the amorphous API crucial to prevent recrystallization.

Researchers have also looked into inorganic carriers for solid dispersions. Among 
these materials, mesoporous silica (9) and magnesium aluminosilicate (10) but also 
activated carbon (11) and calcium carbonate (12) have been suggested as matrices 
for such formulations. Recently, a granulated form of colloidal silicon dioxide (United 
States Pharmacopeia-National Formulary [USP/NF]) has gained attention as a matrix 
for inorganic solid dispersions (13, 14).

Colloidal silicon dioxide is well known in the industry as a glidant that helps to regulate 
the flow of powders and to increase the mechanical stability of tablets in direct 
compression processes (15). The material is produced by gas phase hydrolysis of 
silicon tetrachloride by water produced in a hydrogen flame. The special particle 
morphology of colloidal silicon dioxide results in a low powder density and a more 
branched, open structure compared to mesoporous silicon dioxide.

Through spray granulation, this material is densified and made to flow exceptionally 
well (16). The granules have a much higher powder density than typical colloidal 
silicon dioxide. Whereas the aggregates of colloidal silicon dioxide are essentially non-
porous, the granulate is a mesoporous material with a maximum pore size distribution 
of approximately 35 nm and a mesopore volume of 1.5 to 1.9 mL/g. This porosity 
coupled with a high specific surface area and exceptionally high purity qualifies the 
material as a carrier candidate for pharmaceutical formulations.

Materials and methods

All chemicals including the APIs artemether, itraconazole, and celecoxib, as well as 
D-α-tocopheryl polyethylenglycol 1000 succinate (TPGS) and hydroxypropyl 
methylcellulose (HPMC), were obtained from different sources in pharmaceutical 
quality. Granulated colloidal silicon dioxide (Aeroperl 300 Pharma, Evonik) was used 
as received from the producer Evonik Resource Efficiency GmbH. To absorb the APIs 
onto granulated colloidal silicon dioxide (Aeroperl 300 Pharma), the carrier was added 
to concentrated solutions of the respective API in the given ratios. The solvent was 
evaporated overnight and the resulting free flowing powder was used as such.

Results

The ability of granulated colloidal silicon dioxide to improve the dissolution of poorly 
soluble API was tested in experiments done with APIs featuring different dissolution 
characteristics. Anti-malarial artemether is a Biopharmaceutics Classification System 
(BCS) class II drug typically used in combination with lumefantrine to treat malaria 
caused by plasmodium falciparum. Figure 1 shows dissolution experiments that were 
carried out using equivalent quantities (20 mg) of the pure drug, as well as 
preparations of artemether absorbed onto granulated colloidal silicon dioxide (Aeroperl 
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300 Pharma) using two different active-to-carrier ratios. The dissolution rate of the 
pure drug was approximately 10% after 20 min, and only about 20% after 180 min. 
Absorbing the active onto granulated colloidal silicon dioxide tripled and almost even 
quadrupled the dissolution rate of the artemether. The highest dissolution rates 
occurred with formulations with lower active loading. The drug release was also more 
rapid, with more than 50% dissolving in the first 20 minutes for the formulation with 
25% API loading. After only 20 min, the absorbed artemether was already dissolved 
by 40% or more than 50% for the compound with the higher carrier-to-drug ratio 
compared to approximately 10% for the pure drug. This observation illustrates the 
ability of colloidal silicon dioxide to strongly accelerate the dissolution of poorly soluble 
drugs.

Figure 1: Dissolution of antimalarial drug artemether pure and after absorption on granulated 

colloidal silicon dioxide (Aeroperl 300 Pharma, Evonik).
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However, although granulated colloidal silicon dioxide may accelerate the dissolution 
of poorly soluble APIs, taking advantage of this effect requires proper wetting of the 
active by the dissolution medium. Itraconazole, an antifungal agent of the commercial 
formulation Sporanox, is a hydrophobic powder that is difficult to wet. For itraconazole, 
the addition of a surfactant is necessary to take full advantage of the dissolution 
enhancing properties of granulated colloidal silicon dioxide. Figure 2 provides 
evidence of the very poor dissolution of itraconazole in the aqueous test media 
(control). Even after 2 h of contact, less than 5 % of the active was dissolved. 
Formulating itraconazole with a surfactant (TPGS) (formulation 1) increases the 
dissolution rate approximately three-fold. When both the API and the surfactant were 
absorbed onto Aeroperl 300 Pharma, a significant and instantaneous increase of the 
dissolution rate was observed. The results demonstrate that the absorption of the API 
onto the silica is the major driver for the improvement in dissolution, and the TPGS is 
simply aiding in the wettability of the itraconazole.

Figure 2: Dissolution of antifungal active itraconazole pure and formulated with granulated 

colloidal silicon dioxide (Aeroperl 300 Pharma, Evonik).

Although granulated colloidal silicon dioxide can strongly improve the dissolution of 
APIs, the achieved supersaturation concentration in the medium may not be stable, 
and recrystallization of the active may occur. This situation was observed for the anti-
inflammatory active celecoxib, listed as a BCS class II drug. Figure 3 shows the poor 
dissolution of the API in the dissolution medium (control). In formulation 1, the silica 
provides a large initial boost in dissolution, but recrystallization of the celecoxib causes 
the concentration to drop rapidly. However, in formulation 2, with the addition of a 
nucleation inhibitor, HPMC, the dissolution was stabilized and had a larger final 
amount dissolved at the end of the experiment.

Figure 3: Dissolution of anti-inflammatory active celecoxib pure and formulated with 

granulated colloidal silicon dioxide (Aeroperl 300 Pharma, Evonik).

Discussion and conclusion

The results show that absorption of APIs on granulated colloidal silicon dioxide has a 
strong influence on the dissolution behavior. The strong effect inorganic solid 
dispersions can have on the dissolution of poorly soluble APIs is based on the same 
mechanisms as their traditional organic counterparts. The actives, through the 
absorption into the pore system of the inorganic carriers, may be stabilized in the 
amorphous form, which has a lower energy barrier to dissolution than the crystalline 
state. Inorganic carriers such as granulated colloidal silicon dioxide have a predefined 
pore system that takes up the active. The size of the pores in the mesopore range 
limits the mobility of the absorbed active, and the surface of the granulated colloidal 
silicon dioxide is covered with hydrophilic silanol groups that can effectively interact 
with polar groups of the active. Both of these mechanisms stabilize the active on the 
carrier and, therefore, prevent crystallization.

In addition to stabilization of the amorphous form, the absorption of APIs on inorganic 
carriers also effectively reduces the particle size of the API. Although the absorbed 
active may still be in the crystalline form, the reduction in particle can also lead to 
higher dissolution rates. One example is actives that fall in class IIa of the 
Developability Classification System defined by Butler and Dressman (17) that are 
characterized by very slow dissolution rates. Through strong interactions with the 
granulated, colloidal silicon dioxide matrix, the agglomeration of the crystallites can be 
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prevented. Absorption of actives on inorganic carriers may, therefore, be an alternative 
to other methods for particle size reduction (e.g., milling), that effectively reduce the 
particle size but due to agglomeration, fail to give sufficient dissolution.

Most technologies that improve dissolution rates require additional excipients to be 
used in the formulations. Using inorganic solids as a carrier for the active is no 
exception from this rule. However, granulated colloidal silicon offers a high absorption 
capacity so that high loadings on the carrier can be achieved. The technique, 
therefore, is a viable technique to overcome solubility challenges for drugs with doses 
up to 150 to 300 mg depending on the type of solid dosage form.
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