
Carotenoids are one of the most important dietary supplements, yet their delivery
encounters problems due to their low bioavailability and bioaccessibility arising
from low water solubility and sensitivity to the environmental factors including
light, oxygen, pH and high temperatures. Therefore, various artificial nanocarrier
systems were proposed to encapsulate carotenoid molecules in order to increase
their stability and efficient delivery.[A. M. Bodratti, P. Alexandridis, Subcell.
Biochem., 2016, 79, 377-414] Yet, most studies on carotenoid-loaded nanocarriers
typically characterize their formation and release properties, so we have only
scarce understanding about carotenoid structures inside nanoparticles and
associated aggregation processes that may have dramatic consequences
on solubilisation of carotenoids.
Hence, in our approach we used enantiopure 3S,3’S-astaxanthin (AXT) that
provides the chiroptical output in order to investigate and control the processes
of delivery of carotenoid molecules into generic nanoparticles and their assembly
inside them.
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INTRODUCTION

Micelles were formed via direct solubilisation. A generic carrier system, Pluronic
PF-127, poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (PEO-
PPO-PEO) was used. In order to introduce AXT into the system, it was dissolved
in DMSO.
Electronic Circular Dichroism (ECD), was used to monitor the encapsulation
process. Transmission electron microscopy (TEM) was used to analyze the shape
and size of formed micelles.

TEM observations were performed using analytical transmission electron
microscope (FEI TecnaiOsiris). The camera was length in a range of 50−200 mm.
ECD spectra were measured in quartz cells with a path length of 1 cm,
in the 300−600 nm spectral range, using Jasco J-815 spectrometers, respectively.
ECD spectra were recorded using 100 nm/min scanning speed, 2 nm bandwidth,
0.5 nm data pitch, by averaging of 3 scans. All spectral measurements were made
(or started) 2 hours after sample preparation and on the following days.

METODOLOGY

Four model systems with different concentrations of astaxanthin (AXT: 10 µM and
100 µM) and different concentrations of Pluronic (M: 1 µM and 100 µM) were
studied over time. At the low concentration of the active substance, AXT forms
a stable H1-aggregate inside nanoparticles. At the high concentration, AXT forms
both H1- and H2- and/or J-aggregate (Fig. 1). Stabilized micelles (S_M: 1 µM and
100 µM) were also analyzed and their spectra were compared with freshly
prepared micelle solutions (Fig. 2). The morphology of selected systems is shown
in Fig. 3. Additionally, an experiment was performed to "feed" the micelle.
For 4 days an aliquot of astaxanthin was added to obtain a concentration
of 100 µM. The addition of small portions of AXT to the micelle solution resulted
mainly in the formation of H1-aggregate inside the micelles and reduced
the presence of other aggregates (Fig. 4). Preliminary results show that
nanoencapsulated AXT can be efficiently transported to primary murine
adipocytes.

Fig.1. ECD spectra of AXT encapsulated in micelles (M) over time: dot line  1st day, dash line - - -
3rd day.

Fig.2. ECD spectra of AXT encapsulated in micelles (M): dash line - - - 3rd day fresh micelle solution,
straight line— 3rd day old, stabilized micelle solution.
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Fig. 4. ECD spectra showing „feeding” micelles (M) with AXT over time (left: low concentration
of micelles - 1 µM, right: high concentration of micelles - 100 µM).

RESULTS3

TEM                                             ECD  

Fig. 3. TEM micrographs of A) M 10 µM, B) AXT 100 µM M 1 µM, C) AXT 10 µM M 100 µM
(M stabilized for two weeks).
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