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ABSTRACT

The objective of this study was to develop the elastic nanovesicular
formulations loaded with Thai medicinal plant extracts containing bioactive
compounds for topical anti-aging. The in vitro anti-aging activities including
antioxidative, tyrosinase inhibition and proliferative stimulation as well as the MMP-2
expression inhibition on human skin fibroblasts of Terminalia chebula gall were
compared with the 14 Thai Lanna medicinal plants with the indication for longevity
selected from the database of Thai Lanna medicinal plant recipes “Manosroi II”’. The
selected 14 plants including T. chebula gall were extracted by distilled water and
methanol by hot (Soxhlet 60-65 + 2 °C) and cold (maceration and sonication 27 +
2°C) process. The cold water extract of T. chebula gall which demonstrated potent
DPPH radical scavenging activity at the % scavenging of 84.64 + 2.22%, proliferation
stimulation activity on normal human fibroblasts at the stimulation index of 1.44 (1.19
times more potent than ascorbic acid) and inhibition of MMP-2 expression at 1.37
times more potent than ascorbic acid was selected for further isolation and
purification. Six phenolic compounds including gallic acid (1.84%), punicalagin
(1.86%), isoterchebulin (2.20%), 1,3,6-tri-O-galloyl-B-D-glucopyranose (0.77%),
chebulagic acid (1.80%) and chebulinic acid (4.93%) were found and identified by
NMR. The novel elastic niosomal formulation composed of cholesterol and Tween 61
at 1:1 molar ratio with 25% ethanolic solution prepared by chloroform film method
with sonication was developed using diclofenac as a model drug and selected to load
with the semi-purified extract of the T. chebula galls. The selected semi-purified
fraction (F1, methanol/water/acetic acid = 2:8:0.1) containing the three phenolic
compounds including gallic acid (15.3%), 1,3,6-tri-O-galloyl-B-D-glucopyranose
(17.8%) and punicalagin (38.4%) was loaded in the developed elastic and non-elastic
niosomes in 5 mM phosphate buffer (pH 7). The morphology of elastic and non-
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elastic niosomes was the mixture of unilamellar and multilamellar vesicles with
negative zeta potential values and had the particle size range at 200-400 nm. The
elastic niosomes showed higher deformability index than the non-elastic niosomes of
about 4 times. Both elastic and non-elastic niosomes loaded with gallic acid or the
semi-purified fraction containing gallic acid showed physical stability with no layer
separation and gave chemical stability with more than 70, 60 and 40% of the
remaining gallic acid containing in the semi-purified fraction, while only more than
60, 40 and 30% of the remaining gallic acid in the pure gallic acid solution when kept
for 3 months at 4 £ 2, 27 + 2 and 45 £+ 2°C, respectively. The gel formulations
incorporated with the elastic and non-elastic niosomes loaded with gallic acid or the
semi-purified fraction from T. chebula galls gave good physical stability with no
sedimentation, no layer separation and no color change at all temperatures with more
than 80, 70 and 60% of the remaining gallic acid when kept for 3 months at 4, 27 and
45°C, respectively. For rat skin transdermal absorption by Franz diffusion cells,
elastic niosomes retarded the permeation of the loaded pure gallic acid indicating of
no risk of systemic effect. However, elastic niosomes enhanced the permeation of the
loaded gallic acid containing in the semi-purified fraction. For the in vivo tests, three
male rabbits were used for skin irritation test by the closed patch test and 31 (13 men
and 18 women) Thai volunteers in the age range of 24-47 years old were enrolled in the
human skin anti-aging evaluation study. The gels were applied on the volar forearm
twice daily for 8 weeks. Gel containing the unloaded fraction (SS) or loaded in non-
elastic (SN) or elastic (SE) niosomes and gallic acid loaded in non-elastic (GN) or
elastic (GE) niosomes showed no skin irritation while the unloaded gallic acid (GS)
gave irritation in rabbit’s skin. The gel containing gallic acid or semi-purified fraction
loaded in elastic or non-elastic niosomes significantly demonstrated higher
improvement of skin elasticity and roughness more than the gel containing the
unloaded semi-purified fraction. The % parameter changes of skin elastic recovery
(Ur/Uf) and skin elastic extension (Uv/Ue) when applied with SN and SE gels were
+28.73 and +32.57; —21.25 and —22.63% respectively. SN and SE gel also showed a
significant decrease of the maximum roughness (Rm) and average roughness (Ra)
values with the parameter changes of —29.43 and —32.38; —39.47 and —35.28%,
respectively. However, there was no significant difference of these effects between
the gel containing gallic acid or semi-purified fraction loaded in elastic and non-
elastic niosomes. The developed gel containing the semi-purified fraction of T.
chebula gall extract loaded in elastic niosomes can be applied as a novel topical
product due to their superior in vitro and in vivo anti-aging activities.
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