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ABSTRACT

The objective of this study was to entrap the bioactive compounds including
ferulic acid (F), y-oryzanol (O) and phytic acid (P) from wastes of rice bran oil
production in Thailand in nanovesicles for cosmetic uses. The semi-purified extracts
containing F, O and P were prepared from acid distilled oil, crude oil and rice bran
with the highest contents of 0.289 + 0.002, 14.41 £+ 0.69 and 10.47 + 0.28 mg/g,
respectively. The blank niosomes composed of Tween 61 mixed with cholesterol at
1:1 molar ratio which gave the highest physical stability at 4 + 2,30 £ 2 and 45 £ 2 °C
for 3 months were selected to entrap the semi-purified rice bran extracts containing F,
O, P and their combination (Mixed FOP) at the maximum loading of 0.5, 1.5, 1.5 and
3.5 %w/w of niosomal forming materials, respectively prepared by chloroform film
with sonication (CFS) and supercritical carbon dioxide (scCO;) technique. The
niosomes entrapped and not entrapped with the semi-purified rice bran extracts
prepared by both CFS and scCO, were physical stable with the size of 300-1500 nm.
The morphology of niosomes prepared by CFS and scCO, were in the mixture of
unilamellar and multilameller vesicles (MLVs) and large unilamellar vesicles (LUVs),
respectively. The phase transition temperature (Tc) of all niosomes prepared by both
methods was in the range of 75 to 81 °C with the AH of +0.337 to +0.661 kJ/mol. The
LUV niosomes by scCO, gave higher entrapment efficiencies of the hydrophilic
bioactive compounds, F (64.47 + 1.17%) and P (54.85 = 0.11%) and lower
entrapment efficiencies of the hydrophobic bioactive compound, O (47.544+2.31%)
than niosomes by CFS which were at 53.56 + 1.76 (F), 60.79 £ 0.65 (P) and 53.48 +
0.15 (0)%, respectively. The three antioxidative activities including DPPH radical
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scavenging, metal chelating and inhibition of lipid peroxidation of niosomes
entrapped with the semi-purified rice bran extracts were lower than the unentrapped
extracts due to the high stability of the extracts in the niosomes. The chemical
stability of F, O and P in the semi-purified rice bran extracts, the entrapped niosomes,
gel and cream incorporated with the entrapped niosomes kept at 4 + 2, 30 &+ 2 and 45
+ 2 °C for 12 weeks was investigated. The contents of F, O and P in the unentrapped
extracts were less than those entrapped in niosomes, and in gel and cream
formulations. In in vitro rat skin permeation studies by vertical Franz diffusion cells at
6 hrs, F and P from Nio FOP gave lower fluxes in viable epidermis and dermis (VED)
than those from Mixed FOP of 1.09 and 1.62 times, respectively, while O from Nio
FOP gave higher fluxes in VED than those from Mixed FOP of 2.39 times. The
highest fluxes in VED of F, O and P were from Gel nio, Cream nio and Mixed FOP at
0.261 + 0.009, 2.662 + 0.045 and 4.309 = 0 ng/(cm’hr), respectively. The irritation
studies on shaved rabbit skin of the extracts containing F, O, P, Mixed FOP, the
entrapped niosomes, gel and cream incorporated with the entrapped niosomes
investigated by the Draize method gave no signs of erythema or edema detected
within 72 hrs. Gel and cream containing the rice bran extracts entrapped in niosomes
showed higher antioxidant capacity than the gel and cream base formulations in
ORAC assay and also gave higher inhibition of lipid peroxidation activity than no
treatment. Moreover, gel and cream containing the rice bran extracts entrapped in
niosomes demonstrated hydration enhancement ability and improvement of
pigmentation, thickness, roughness and elasticity in the skin of human volunteers.
Therefore, gel and cream containing the semi-purified rice bran extracts containing
the bioactive compounds entrapped in niosomes can be applied as a novel skin
product against skin aging due to not only the enhancement of the chemical stability
of the bioactive compounds and the potential of niosomes in facilitating the
absorption through rat skin of F and O while retarding the permeation of P by
entrapping in niosomes, but also the superior antioxidative activities and the in vivo
skin moisturizing effects of human volunteers as well.
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