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Therapeutic proteins are quickly becoming a major thrust in pharmacotherapy for an increasing number of conditions. 
However, protein formulations pose a number of challenges regarding their physical and chemical stability and 
physicochemical characterization. Because of the existing gaps in fundamental understanding, protein formulations are 
often assessed by screening them on a case-by-case basis. 
In this project, it is hypothesized that excipients present in protein solutions produce changes in solvent polarity capable 
of affecting the structure and functionality of the protein. It is further hypothesized that electrostatic effects on polarity, 
because of their much longer range than that of van der Waals forces, are an important aspect of protein 
stability/functionality. These considerations can help explain commonly encountered situations. For example, the fact 
that in some cases, the stability of a protein in solution, even if under fixed pH conditions, varies as a function of the 
choice of buffer system. Polarity refers to electron delocalization in a molecule, and except under infinite-dilution 
conditions, delocalization in one molecule triggers delocalization in neighboring molecules. This situation makes the 
term polarity wide-meaning in solution chemistry, since polarity manifests itself in different measurable bulk properties 
of liquids. In this study, we use enzymes as model proteins and enzymatic activity as a measure of protein 
stability/functionality. We utilize a dye-based solvatochromic method as a means to assess and compare the polarity of 
liquid vehicles containing different model excipients. This makes it possible to compare medium polarity exerted by a 
zwitterionic (neutral) excipient with that of a truly-neutral (zero absolute charge burden) one, and assess the 
(de)stabilizing of the presence and absence, respectively, of a long-ranging electrostatic effect. This type of study is 
expected to contribute to the overall understanding of solvent polarity in protein formulations.  
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