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ABSTRACT

Lycopene shows the powerful antioxidant activity and rapidly reacts with
singlet oxygen, and free radicals. However, due to its structure which contains many
conjugated double bonds, it is easily degraded by oxidation and isomerization.
Nanostructured lipid carriers (NLC) have gained high interest as enhancing stability
of many active substances from environmental stress. The aims of this study are to
develop and characterize lycopene-loaded NLC and to evaluate lycopene-loaded NLC
for cosmeceutical applications. The highest lycopene solubility values in melted solid
lipids and liquid lipids were 12.0 mg/g and 4.2 mg/mL form orange wax and rice bran
oil, respectively. Lycopene melts at 171.03°C and shows crystalline nature under
wide angle X-ray scattering (WAXS). The TEAC (Trolox equivalent antioxidant

capacity) and ICsy value of lycopene is 2646.24+3.8 uM/mg and 0.078+0.001 mg/mL,
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respectively. All typical sharp peaks were disappeared under WAXS resulting from
the degradation of lycopene when exposed to light and oxygen.

Different type of solid lipids which demonstrated the smallest particle size was
obtained from the formulation by using orange wax. The production parameters were
optimized. Three cycles at 500 bar was chosen to reach a balance between the
efficacy and economy of the homogenization process. The study of contact angle on
the particle size demonstrated the smaller contact angle gave the smaller particle size
which resulting from the high capacity in decreasing interfacial free energy between
the two immiscible lipid and aqueous phases during emulsion forming process.
Moreover, the smaller particle size obtained is corresponding to the small molecular
size of the surfactant. The chemical stability of lycopene entrapped in the NLC was
significantly enhanced. The different oil yielded the NLC with different property.
Formulation using rice bran oil yields the smaller particle size when compared with
other oils. In comparison of NLC and nanoemulsion (NE) with lycopene and without
lycopene, the particle size of all 4 formulas remained lower than 250 nm with a
relatively narrow size distribution. Entrapment efficiencies were 97.63% and 67.85%
for lycopene-loaded NLC and NE, respectively indicated the potent utilization of
NLC to increase the stability of lycopene. From the in vitro antioxidant activities;
ABTS and DPPH assay, the lycopene-loaded NLC had superior potential antioxidant
activity to the lycopene-loaded NE. The effect of surfactant on NLC stability showed
that the electrostatic stabilizer caused by Eumulgin™ SG gave the highest stability of
over 1 year. Therefore, Eumulgin™ SG was selected as a promising surfactant to

provide long term stability for NLC production.
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The preparations and the characterizations of the NLC were explored in
comparison with NE and solid lipid nanoparticle (SLN). Particle size expressed as LD
(0.99) for the SLN, the NLC without cholesterol, and the NLC with cholesterol were
405 nm, 350 nm, and 287 nm, respectively. Rice bran oil and cholesterol rendered the
formation of smaller particles, but cholesterol also reduced the stability in the NLC
preparation. To preserve the chemical stability of lycopene in the NLC, cholesterol
should be avoided and the storage should be at 4°C or at room temperature (25°C). By
using the DSC, NE revealed no observed on melting temperature, enthalpy, and
crystallinity index (CI%). Preparing the systems of SLN and NLC, the CI values after
1 day’s storage at room temperature (25°C) were 15.60 and 0.11%, respectively. The
electron diffraction (ED) pattern from TEM revealed the internal structure of NE is an
amorphous form, whereas, SLN and NLC organize as polycrystalline structures.

At the highest lycopene concentration (0.050%), the relatively small particle
size of NLC was obtained, providing the evidence that lycopene nanocarrier is a soft
material. The in vitro release studies demonstrated the biphasic release pattern which
revealed a fast release at the initial stage and followed by a prolonged release. The in
vitro occlusion test found that the occlusion factor increased by the increasing amount
of lycopene incorporation. From the in vitro antioxidant activities, the 0.050%
lycopene-loaded NLC formulation exhibited the highest antioxidant activity
corresponding to the amount of lycopene incorporation. The degradation profile of
lycopene was extremely retarded when incorporated in NLC and stored at 4°C.

In evaluation of topical dosage form, the occlusion properties of cream
containing NLC dispersions yielded a higher occlusion effect than base creams

resulting from the advantage of film formation of lipid nanoparticle. The good
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chemical stability of lycopene was obtained after incorporating lycopene-loaded NLC
into the base cream formulations. The in vitro antioxidant tests provided the evidences
that incorporation of lycopene-loaded NLC dispersion into the base creams were
significantly improved the antioxidant capacities.

It can be concluded that the lycopene-loaded NLC was potentially developed.
The chemical stability of lycopene entrapped in the NLC was drastically enhanced.
This study emphasized the success on the utilization of NLC to retard the degradation
profile of lycopene. Lycopene-loaded NLC and its cosmeceutical formulations

provided efficacy occlusive and efficacious in anti-oxidative properties.
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