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Many new and promising drug target classes, such as protein-protein 

interactions, peptidergic G-protein coupled receptors and proteases, are difficult to attack 
with traditional, Lipinski-Rule-of-Five (Ro5)-compliant small-molecule drugs. Their often 
extended, relatively featureless, and unusually hydrophobic or polar ligand binding sites 
result in that promising ligands often have molecular properties outside what is typically 
considered compatible with membrane permeability, intracellular exposure and oral 
bioavailability. Notably, we and others have demonstrated that membrane permeability is 
possible well beyond the boundaries of the Ro5. However, the exact mechanisms by which 
such non-traditional drug molecules cross biological membranes are incompletely 
understood. The aim of the present study was, therefore, to systematically characterize the 
physicochemical determinants of diffusive membrane permeability, to enable rational design 
of drugs that balance affinity for challenging targets with adequate membrane permeability 
and cellular exposure. To enable measurements of transmembrane diffusion kinetics in 
isolation from competing transport mechanisms, we developed a hexadecane-based artificial 
membrane assay mimicking the local environment in the membrane bilayer interior. 
Transport kinetics were determined for series of small molecules, designed to systematically 
probe the impact of lipophilicity and hydrogen bonding on the kinetics of transmembrane 
drug diffusion. Permeability parameter values were deduced by kinetic multi-compartment 
modeling, and were compared with calculated and experimentally determined measures of 
lipophilicity and hydrogen bond formation. Using this methodology we were able to 
distinguish permeabilities of structurally similar model compounds. The fundamental insights 
gained will enable rational tuning of permeability properties in larger, more complex drug 
molecules. 
 


