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Abstract:

Computational methods play an important role in the design of new drugs and the
prediction of their behavior in biological environment. Many current studies seek to
understand how these drugs are capable to interact with biological membranes and also
the influence of these molecules into the stability of these biomembranes (1, 2). This
work aims to understand the mobility and interaction forces between a hydrophobic
drug, zinc phthalocyanine and membrane composed of phospholipids only, also the
same drug interacting with a mixture of phospholipids and cholesterol in mass to mass
ratio of 5:1. The methodology used was Molecular Dynamics simulations using the
GROMACS 5.1.4 computational package with OPLS-AA force field, using NPT
ensemble, at 310K and 1 bar with explicit spc water. In order to insert the zinc
phthalocyanine into the oplsaa force-field, its RESP charges was obtained by the
NWCHEM software (Valiev et al., 2010) after the geometry optimization and energy
minimization have been made with 6-31G* basis-sets in ORCA 3.0.3 software (Hocevar
et al., 2016). The results showed that freedom of locomotion of drug through the lipid
portion of phospholipid bilayer is higher in the presence of cholesterol, this fact is
evidenced by higher values of MSD (mean square displacement) found in comparison
with the same analysis made for the purely phospholipid bilayer. This interpretation is
in agreement with experimental results obtained by our research group in previous
studies (Oliveira et al., 2010), in which the drug in question has a higher
pharmacological efficiency when encapsulated in phospholipid vesicles containing
cholesterol. Recent studies have shown that biomembranes containing cholesterol are
more organized and tend to pack the carbon chains of their phospholipids more easily
(1). Additional structural analyzes such as the RMSF (root mean square fluctuation)
were performed, which displayed that the fluctuation in the position of the atoms of
biomolecules of the membrane was smaller in the system in which the cholesterol was
present, evidencing a freedom of the carbonic chains when the cholesterol is not part of
the vicinity of phospholipids. Faced with such results it is possible to conclude that the
greater activity of the drug observed experimentally may be linked to a higher
movement liberty that drug possesses through the proposed drug delivery system
membrane.
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