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PURPOSE 
Practically-insoluble drugs generally have poor oral bioavailability.  To overcome this, a number of strategies have been described in the literature, including using drug salts and cocrystals.  Pharmaceutical cocrystals (CCs) are crystalline solids, composed of the drug and a soluble molecule (‘coformer’).  The thermodynamic solubility product, KspCC = [drug] [coformer] (each component uncharged), reflects the solubility behavior of CCs.  It is analogous to the drug salt solubility product between a charged drug and a counterion.  In such sustems, solution properties can dramatically change as a function of pH.
This presentation will focus on the application of a general CC solubility-pH data simulation and refinement procedure to rationalize the aqueous solution behavior of CCs as a function of pH, in an attempt to augment the work of Naír Rodríguez-Hornedo et al. in their pioneering studies of the solubility-pH behavior of CCs.  Also, examples of simulation of rotating-disk dissolution-pH kinetics, based on the convective diffusion & simultaneous chemical reaction (CDR) model (Higuchi et al.,  Mooney et al., McNamara et al., Southard et al.), incorporating the Vinograd-McBain (1941) electric field treatment, will be described for a cocrystal system. 

METHODS
A novel dual solubility (drug, coformer) refinement computer program, pDISOL-XTM, has been adapted to rationalize cocrystal solubility-pH behavior. The unique mass-action algorithm does not require any explicitly derived solubility equations based on extensions of the Henderson-Hasselbalch equation.  Rather, the program internally derives implicit equations, given a test set of equilibria and estimated constants (which are then iteratively refined by weighted nonlinear regression).  Ionic strength is calculated at each point. Equilibrium constants and pH electrode calibration parameters (Avdeef, Bucher 1978) are auto-compensated for changes in ionic strength from a reference level (Avdeef 1992), using activity coefficients calculated by the Stokes-Robinson (1948) hydration theory.

The program was extensively tested, drawing on nearly all the published CC log S-pH data from the literature (largely from Rodríguez-Hornedo et al.), with equilibrium drug and coformer solubilities measured under the eutectic conditions (stable presence of cocrystal and drug crystalline solids in aqueous suspensions).  
RESULTS
Analysis of literature data will be described: carbamazepine-4-aminobenzoic acid (2:1), carbamazepine-saccharin (1:1, 2 studies), carbamazepine-salicylic acid (1:1), carbamazepine-cinnamic acid (1:1), indomethacin-saccharin (1:1), nevirapine-maleic acid (1:1), nevirapine-saccharin (2:1), nevirapine-salicylic acid (2:1), and gabapentin-3-hydroxybenzoic acid (1:1).  It is evident that the drug thermodynamic solubility was elevated only slightly in most of the carbamazepine systems, with the formation of complexes between the drug and ionized forms of the coformer.  The carbamazepine-cinnamic acid CC showed a substantial elevation in the drug solubility above pH 5.  The nevirapine CCs did not indicate increases in drug solubility. 
CONCLUSION
It appears that the advantages of CCs are more subtle than simply elevating thermodynamic solubility of the drug.  The dissolutions of CCs often lead to supersaturated solutions (as is common with drug salts near the Gibbs pKa), which potentially could increase oral bioavailability. CCs may form stable solids, with shelf life advantages over traditional formulations.  The increased stability may improve the tabletability of the CC in the final formulation.  The CC field is still in its infancy.  It is expected that the data refinement and simulation tool, pDISOL-X, could help in understanding the solution dynamics of CC systems, and perhaps in the design of future systems.  
