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Monoclonal antibodies (mAbs) have become a drug class of high importance for treating 
numerous human diseases. Subcutaneous (SC) administration is a common and convenient route for 
patients to do home-based treatments. Since mAbs often require high mg/kg dosing and SC injections 
are limited to a small injection volume (~1.5 mL), this necessitates the development of high-
concentration mAb formulations. High concentration mAb solutions pose many pharmaceutical 
challenges including physical instability during manufacturing, storage, and delivery. In addition, 
reversible self-association (RSA) has emerged as an important formulation challenge in terms of 
significantly increasing solution viscosity, turbidity and even phase separation. The RSA of mAbs is 
affected by solution conditions, such as pH, ionic strength, temperature, and especially addition of 
excipients (e.g., Hofmeister salts, detergents, amino acids, hydrophobic salts, sugars, solvents of 
varying polarity). In this work, various specific excipients (NaCl, ArgHCl, LysHCl, GluNa, and AspNa) 
were selected and added in a specific human immunoglobulin G1 (mAb-J) solutions to measure their 
ability to disrupt RSA, alter solution viscosity and turbidity, and prevent phase separation. First, several 
global biophysical methods (including CG-MALS, viscometry, DLS, SEC, spectrophotometry) were 
applied to measure solution properties of mAb-J at high protein concentrations in the presence of the 
excipients. Second, hydrogen exchange mass spectrometry (HX-MS) experiments were performed on 
mAb-J solutions (in D2O) to obtain site-specific information on the regions of mAb-J (peptide segments) 
that are primarily responsible for RSA. In addition, the effects of the selected excipients on backbone 
flexibility of mAb-J were evaluated. Finally, HX-MS and biophysical data were correlated to obtain a 
more comprehensive understanding of the effects of excipients on promotion or disruption of reversible 
protein-protein interactions in high concentration mAb-J solutions. In the future, more mAbs (e.g., mAb-
C) and their specific excipients will be examined using similar techniques on mAbs RSA, excipient 
effects, and possible protein-protein and protein-excipient interaction mechanisms. 


