
Irradiation effect on Methylene Blue-containing 
DOPC:CL different biomembrane models 

 

Schmidt, T. F.1,3*, Wilke, N.2, Maggio, B.², Marques, C. 3, Itri, R. 4 
1 Universidade Federal do ABC, Santo André, SP, Brasil. 

2 Universidad Nacional de Cordoba, Cordoba, Argentina. 
3 Institut Charles Sadron, Université de Strasbourg, CNRS, Strasbourg, France. 

4 Instituto de Física, Universidade de São Paulo, São Paulo, SP, Brasil. 
*e-mail address: thais0010@gmail.com 

 
 

It is well known that Reactive Oxygen Species (ROS) [1-2] lead to lipid peroxidation in cell membranes 
[3-4], and in particular to hydroperoxidized lipids (LOOH) [5-7], but the mechanisms leading to 
expansion or condensation of the lipid bilayers have not yet been determined. ROS are also 
important components of Photodynamic Therapy (PDT), a clinical method that relies on the 
administration of a sensitizer molecule to generate the oxidative species singlet oxygen. In this work 
the photosensitizer Methylene Blue (MB) was incorporated into the subphase of pure and mixed 
monolayers of dioleyl-phosphatydil-choline (DOPC) and Cardiolipin (1,1’,2,2’-tetramyristoyl 
cardiolipin-sodium salt, CL), to analyze the conformations of the photosensitizer-lipid systems before 
and after irradiation in a Langmuir trough. In addition, the irradiation effect was also analyzed in lipid 
bilayer systems by studying mixed DOPC:CL giant unilamellar vesicles(GUVs) prepared by the gel-
growth method [8]. For the case of monolayers, molecular expansion following irradiation showed 
lipid peroxidation by formation of hydroperoxide groups with the peroxide group located at air-water 
interface. Expansion was observed in pure CL monolayers and in DOPC: CL 1:1 mixtures. Monolayer 
compaction after irradiation was observed for pure DOPC monolayers and for 1:2 and 2:1 DOPC:CL 
mixtures, showing the formation of more hydrophilic smaller molecules, the nonanoic acids, which 
can leave the monolayer to the bulk subphase. In the case of giant vesicles, the beginning of the 
process shows increased area of the membrane accompanied by fluctuations. At the end of the 
irradiation process, oxidation leads to the opening of large, micrometer size pores, followed by loss 
of contrast. The kinetics of oxidation is faster for vesicles with higher Cardiolipin content, promoted 
by the attraction electrostatic interactions between the anionic CL lipid and the cationic MB 
photosensitizer. 
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