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INTRODUCTION

Alzheimer’s disease (AD). > 57 million people
affected worldwide and no curative therapy’
Polyphenols such as pentagalloylglucose (PGG)
target key AD hallmarks in vitro?

Clinical translation limited by poor bioavailability?>

= Cubosomes: nanocarriers that enhance bioactive
stability and delivery4
Understanding nanostructure and membrane
interactions is key to optimizing delivery systems

» This study examines how PGG loading alters cubosome
structure and interaction with model neuronal membranes

NANOSTRUCTURE

Multi-technique approach:

= Small angle X-ray scattering — Iinternal cubic ordering (Bragg
peak positions)

= Cryo-TEM — nanoparticle morphology and order homogeneity

= Dynamic light scattering — size distribution

= Encapsulation efficiency (EE) and bioactive loading (BL)

Formulation Size (nm) PDI EE (%) BL (ng/mL)
MO — Empty 180£5 0.09 £ 0.05
MO — 1 mol% PGG 215+ 6 0.08 £ 0.05 97 £ 1 24.1+1.0
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» PGG loading favored internal cubic order of nanoparticles

» PGG resulted in high loading in cubosomes

MONASH
University

S AINSE

THE AUSTRALIAN INSTITUTE OF NUCLEAR SCIENCE AND ENGINEERING

lucrezia.guarneri@monash.edu

CUBOSOMES

Nanoparticle dispersions of lipid Cubic phases
bicontinuous cubic phases with a high

surface-area 3D internal structure that:

» Supports increased payload loading
across molecular polarities®

» Enhance cellular uptake via
membrane fusion and multiple
endocytic pathways’
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MONOOLEIN: cubic phase forming lipid ‘G(la3d)

MEMBRANE INTERACTIONS

Neutron reflectometry — nanoscale interactions between treatments
and model lipid membranes

Reflectivity(Q) and scattering length density (SLD) profiles — spatial
distribution across DOPC-sphingomyelin-cholesterol membranes
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» Free PGG adsorbs onto lipid bilayers, with limited membrane
permeation

> PGG-loaded cubosomes enhance membrane interaction and
permeation

CONCLUSIONS

» PGG stabilizes cubic phases by reducing > Small
lipid headgroup area via H-bonding,
iIncreasing membrane rigidity and negative
curvature

membrane

angle scattering and neutron
reflectometry link
behaviour,
mechanism-driven formulation optimization

membrane
use as

» Cubosomes enhance
permeation, supporting their
polyphenol delivery systems

nanostructure to
enabling

This work connects molecular interactions to cubic phase structure, enabling the rational design of cubosomes for bioactive delivery
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