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Molecular dynamic simulation on membrane permeability of flavonoid aglycones
substituted with different hydroxyl positions on B ring
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Abstract: Objective To understand the mechanism on membrane permeability of flavonoid aglycones substituted with different
hydroxyl positions and numbers on B ring, and to observe the correlation between molecular dynamic (MD) simulation and
experimental results. Methods MD simulation was performed with GROMACS software package. Using accelerated MD
simulation, the transmembrane behaviors of five flavonoid aglycones were simulated from nine different initial positions of bilayer
lipid. The energy barrier, orientation, hydrogen bonding, and interaction during the transmembrane process were calculated from
recorded trajectories. Results The results of MD simulation had a good correlation with the reported experimental data of Caco-2
(r = —0.786 2). According to our results, the lower energy barrier was for molecules to penetrate the membrane of dipalmitoyl
phosphatidylcholine (DPPC), the higher permeability they would get during the process of transmembrane. Electrostatic interaction
played much more significant roles in transmembrane than Van der Waals interaction did. The stronger H-bond between molecule and

membrane, the longer the molecule stayed in membrane. Hydroxyl-substitution at 2’ position on B ring of flavonoid aglycones could
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increase the ability of forming H-bond. Hydroxyl-substitution at 3’ or 5" had appropriate electrostatic repulsion with polar layer which

was in favor of transmembrane. Conclusion The hydroxyl-substitution on B ring of flavonoid aglycones affects the indexes of

H-bonds, orientation, electrostatic interaction, and energy barrier during transmembrane. The energy barrier of theoretical simulation

is a suitable indicator for predicting the transmembrane absorption of flavonoids.

Key words: flavonoid aglycones; hydroxy-substitution; H-bonds; electrostatic interaction; Van der Waals interaction; molecular

dynamic (MD) simulation; membrane permeability
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Fig. 1 Structures of flavonoid nucleus and five flavonoid aglycones
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Table 2 Molecular directional distribution of flavonoid aglycones in process of transmembrane
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Fig. 3 Displacement-time and displacement-H-bond frequency graphs of representative patterns

in process of flavonoid aglycones transmembrane
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Table 3 Effect of hydroxy-substitution at different position on

molecular ability of forming H-bonds with membrane
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