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    Abstract
Poor bioavailability due to the inability to cross the cell membrane is one of the major reasons for the failure of a drug in the clinical trials. We have used molecular dynamics simulations to predict the membrane permeability of natural drugs - withanolides (withaferin-A and withanone) that have similar structures but remarkably differ in their cytotoxicity. We found that withaferin-A, but not withanone, could proficiently transverse through the model membrane. The free energy profiles obtained were in accordance with the physico-chemical properties of the investigated drug molecules. It was observed that the polar head group of the bilayer exhibits high resistance for the passage of withanone as compared to withaferin-A, while the interior of the membrane behaves similarly for both withanolides. The solvation analysis revealed that the high solvation of terminal O5 oxygen of withaferin-A was the major driving force. The impact of the favorable interaction of terminal oxygen (O5) of withaferin-A with the phosphate of the membrane led to its smooth passage across the bilayer. The computational predictions were validated by raising and recruiting unique antibodies that react to withaferin-A and withanone. Further, the time-lapsed analyses of control and treated human normal and cancer cells, demonstrated proficient permeation of withaferin-A, but not withanone, through normal cells. These data strongly validated our computational method for predicting permeability and hence bioavailability of candidate compounds in the drug development process.
Statement of significance What determines the bioavailability of a drug? Does the ability to cross cell membrane determine this? A combined simulation/experimental study of the permeability of two natural drugs - withanolides (Wi-A and Wi-N) across the cell membrane was conducted. In the computational portion of the study, steered MD simulations were performed to investigate the propensity of the two molecules to permeate across the cell. It is found that Wi-A proceeds relatively simply across the cell compared to Wi-N. This trend was found to be consistent with experiment. This work is an important step towards understanding the molecular basis of permeability of natural drug molecules.
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