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Bicontinuous cubic liquid crystalline nanoparticles for anticancer photodynamic therapy

Abstract:

Photodynamic Therapy (PDT) is an innovative cancer treatment that has been approved by
the US FDA. PDT utilizes a photosensitizer (PS) molecule, which, upon activation by low-
energy light, generates Reactive Oxygen Species (ROS). These ROS induce cell death, cause
microvascular damage, and trigger an inflammatory response that can potentially lead to
systemic immunity.

However, most photosensitizers are highly hydrophobic, necessitating their incorporation
into suitable carriers for systemic administration. This also helps them evade the
Mononuclear Phagocyte System.

In this study, we explore the physicochemical properties, photodynamic efficacy, and
cytotoxic characteristics of lipid-based cubic liquid crystalline nanoparticles, known as
cubosomes, engineered for systemic or topical PDT applications. Monoolein was used as the
molecular building block to prepare various cubosome formulations loaded with commercial
or newly synthesized photosensitizers. Stabilization against flocculation in aqueous solutions
was achieved using Pluronics or a polyphosphoester analog of Pluronic F127. Additionally,
the layer-by-layer technique was employed to coat the nanoparticle surface with folate-
conjugated chitosan. We also present a polymer-free stabilized cubosome formulation.

The tested formulations exhibited the expected cytotoxicity only upon proper irradiation. In
one instance, conditions were optimized to trigger the cytotoxic effect using laser radiation
at a wavelength within the optical window of biological tissues. These findings establish
cubosomes as a new generation of biocompatible nanoparticles with potential for a wide
range of anticancer photodynamic applications.
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