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-Scientific context

Among other neurodegenerative diseases, Alzheimer's and Parkinson's diseases are causing a medical and
socio-economic burden on an estimated one billion people worldwide and 6.8 million deaths annually. The
progressive loss of neurons that results in dysfunction of the cognitive, sensory, behavioral, and motor nervous
systems characterize these disorders. Oxidative stress, which results in the production of reactive oxygen
species (ROS) and free radical formation, is a common feature of these diseases. This can lead to
neurodegeneration and possibly the formation of plaque in the central nervous system.

Lipid-based nanoparticles (LNPs) with inner liquid crystalline organization comprise a new strategy for drug
delivery and modulation of the ROS levels in cells and tissues towards neuroprotection and neuro-
regeneration. Lyotropic lipid-based nanoparticles (cubosomes, hexosomes, and liposomes) are of interest for
antioxidant compounds delivery because their structures favor enhanced encapsulation efficacy and
entrapment of active pharmaceutical ingredients. Nanocarriers of cubosome, liposome and hexosome types
may improve the drug bioavailability and protect unstable drug molecules, which can be either hydrophilic or
hydrophobic substances. Among other phytochemicals with neuroprotective properties, quercetin is a
multifunctional compound of low solubility requiring delivery carriers to reach the target site of action.

Controlled release from liquid crystalline lipid nanoparticles (LCNPs) is a recent field of nanomedicine
research. Experiments are currently expanded to provide data, which can serve for kinetic modeling of drug
release from such controlled drug delivery systems (e.g., using the zero-order model, the first-order model,
Higuchi, Korsmeyer-Peppas, Hixson-Crowell, Baker-Lonsdale, Weibull, or Hopfenberg models).

In this analysis, the effects of the lipid nanoparticle shape and structural organization for the drug release
profiles are considered crucial. For instance, the contact area of cellular membranes with nanoparticles, studied
as drug delivery carriers, is expected to increase for particles of elongated shapes versus spherical ones.



-Objectives

The objective of the M2 research is to develop and characterize liquid crystalline lipid nanoparticles
(LCNPs) for controlled release of drugs aimed at neuroprotection (e.g., flavonoids such as quercetin).
Quercetin (Que) is known for its antioxidant and neuroprotective properties and LCNPs may enhance Que
bioavailability by providing controlled drug release. The performed literature review should identify the
unresolved questions in the context of controlled release mechanisms from LCNPs for efficient
neuroprotective Que delivery. The performed physico-chemical experiments should establish the parameters
and the relationships between structure and shape of the LCNPs, their stability, and the cumulative percent
drug release over time. Flow cytometry analysis of selected quercetin-loaded LCNPs nanoformulations will
be performed in view of potential functional efficacy of the nanoformulations.

-Working program and tasks

1) Lipid nanoparticle preparation

Liquid crystalline lipid nanoparticles (LCNPs) will be prepared by the method of hydration of a lyophilized
thin lipid film. The thin film will include different lyotropic lipids and the neuroprotective drug compounds,
including quercetin. The components will be mixed at desired proportions. The solvent will be evaporated
under a stream of nitrogen gaz to create a thin film, which will be lyophilized overnight using a lyophilizer.
After hydration of the thin-film samples, the amphiphilic mixtures will be dispersed using an ultrasonic ice
bath and vigorous vortexing in repetitive cycles of agitation.

2) Physico-chemical characterization of LCNPs and investigation of controlled drug release

Physico-chemical experiments will be performed to establish the optimized formulation parameters (e.g.,
lipid-to-drug ratio, surfactant concentration) determining the stability and drug loading efficiency of the
LCNPs. The presence and type of the liquid crystalline lipid phases will be evidenced by small-angle X-ray
scattering data. For flavonoid (Que) quantification, UV-Vis and HPLC measurements will be performed.

The effect of the lipid materials (e.g., glyceryl monooleate, fatty acids, and phospholipids mixed in different
ratios) on the mesophase structure of the self-assembled LCNPs and controlled drug release profiles will be
studied. The role of the stabilizing surfactants (e.g., Poloxamer 407) for the kinetics of the drug release will
be evaluated as well. The nature of the release medium will be varied in terms of composition and viscosity
in order to establish tendencies or correlations of interest for Que administration to the central nervous system.

Flow cytometry analysis for selected quercetin-loaded LCNPs nanoformulations will be performed.
Quercetin has an inhibitory effect on inflammatory responses. Quercetin treatment may inhibit inflammation-
induced mitochondrial fission and promote mitochondrial fusion, which are important processes involved in
neuronal cell survival. Therefore, some initial experiments will be performed with bioassays to evaluate the
functional properties of the quercetin-loaded LCNPs.

3) Analytical evaluation and data analysis

The obtained results will be interpreted in the context of controlled release and neuroprotection. For
statistical analysis, appropriate statistical methods to analyze data will be used (e.g., ANOVA, t-tests). The
release-kinetics-profile data will be analyzed using different models (e.g., Higuchi model for the rate of drug
release from matrix nanodevices, or the applicability of Korsmeyer-Peppas or Weibull mathematical models)
in order to understand the flavonoid (Que) drug release mechanisms from LCNPs with different compositions
and structural organizations.
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