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NIOSOME BILAYER / MOLECULAR DYNAMICS SIMULATIONS

Melatonin is a natural hormone that regulates the sleep-wake cycle. It is also
used for treatment in some diseases such as insomnia, cardiovascular, Alzheimer, and
the certain types of cancers due to its remarkable antioxidant properties. Recently,
niosomes have been widely used for encapsulating melatonin to improve the
efficiency of drug delivery systems. In this study, we have investigated the structural
and dynamical properties of melatonin in an aqueous solution and at the water-air
interface using molecular dynamics simulations. In terms of drug delivery
development, the solubility and stability of melatonin in the presence of aqueous
media are of interest for investigation because this information is necessary for the
melatonin formulation. We found that most melatonin molecules are self-aggregated
with the stronger melatonin-melatonin interaction and formed a monolayer film with a
more ordered structure, respectively. The hydrophilic interaction strength was
sequenced as follows: carbonyl O > indole NH > amide NH > methoxy OA,
respectively. The competition of hydrogen bonds between the carbonyl O and the

indole NH groups with water molecules were clearly demonstrated, leading to two



v

possible tilts of the melatonin head groups for the water-air interface system. The
hydrogen bond formation between melatonin themselves for the bulk water system
showed a longer lifetime than that for the water-air interface system. This suggests
that the formation of melatonin aggregation in an aqueous solution is more stable and
subsequently melatonin is less soluble in water. Next, we have investigated melatonin
inserted into the niosome bilayers with and without cholesterol incorporation and
simulated at the temperature of 298 K and the pressure of 1 bar. Both bilayers formed
in the liquid phase with a less ordered structure. For the Span60 bilayer, most
melatonin molecules are preferentially located in the region between the head and tail
groups of Span60. However, the addition of melatonin in the Span60/Chol bilayer
results in the structural and dynamical properties significantly. Most melatonin
molecules have locally stayed at the water-Span60 interface with higher diffusion in
both lateral and transverse directions. Furthermore, our study suggests that the
addition of cholesterol in the Span60 bilayers can increase the stability and rigidity of
niosomes which can improve the efficacy of melatonin encapsulation, compared with
the pure Span60 bilayer. Such information is necessary for the preparation of

niosomes for the drug delivery system.
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