Abstract

In the field of transdermal and topical drug delivery, vesicles have gained high interest
in the past few decades. Vesicles could be used as a model skin membrane, e.g. stratum
corneum lipid liposomes (SCLLs), as well as drug delivery carriers, e.g. liposomes and

niosomes. In the present study, these applications of vesicles were investigated.

In the first chapter, SCLLs were prepared to serve as a model stratum corneum (SC)
intercellular lipid to evaluate the effect of chemical penetration enhancers (CPES) on the barrier
function of SC lipid. A fluorescent probe; sodium fluorescein (FL) was entrapped in SCLLs
for investigation of the FL leakage from SCLLs. Also, 1,6-diphenyl-1,3,5-hexatriene (DPH),
N,N,N-trimethyl-4-(6-phenyl-1,3,5-hexatrien-1-yl)phenyl-ammonium p-toluenesulfonate
(TMA-DPH) or 8-anilino-1-naphthalenesulfonic acid ammonium salt (ANS) were separately
entrapped in SCLLs for the measurement of SCLL membrane fluidity. The preliminary study
was performed using ethanol as a model CPE. The relationship between the conventional
animal assay (skin permeation/ skin impedance test) on hairless rat skin and the test based on
SCLLs (FL leakage and SCLL membrane fluidity test) was evaluated. Fair correlations were
obtained from the increase in enhancement ratio (ER) of caffeine permeation with FL leakage
and SCLLs membrane fluidity measured using ANS probe with R? of 0.8882 and 0.8993,
respectively. FL leakage and SCLLs membrane fluidity test measured using DPH probe were
also performed with various types and concentrations of well-known CPEs. An effective
concentration for promoting 10% FL leakage and increase in SCLLs membrane fluidity (ECio,
leakage and EC1o, fiuidity) Were calculated by interpolation from their concentration profiles. The
lipophilic CPEs tends to exhibit lower ECio, leakage and ECio, fuigity than hydrophilic CPEs. In
addition, the relationship between FL leakage and SCLLs membrane fluidity were classified
into five categories depending on the action on SCLLs. This method using SCLL as a model
SC intercellular lipid could be utilized in investigating the effects of CPE on SC as an
alternative high-throughput screening (HTS) technique in contrast to conventional animal

testing.

In the second chapter, components of vesicles having high skin penetration-enhancing
effect was selected to formulate new penetration-enhancing vesicles. The screening of
phospholipids and non-ionic surfactants was performed using diffusion cell array system and
abdominal skin of hairless rat. Caffeine was used as a hydrophilic model drug. The results

showed a significant increase in ER from 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC),
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1,2-dipalmitoyl-sn-glycero-3-phosphoglycerol, sodium salt (DPPG), Brij 30, Span 20, Tween
20, Tween 40 and Tween 60, compared to the control solution. The liposomes and niosomes
prepared from varying compositions influenced particle size, transition temperature,
entrapment efficiency and zeta potential. The vesicles exhibiting high ER were DPPG, 1,2-
dilauroyl-sn-glycero-3-phosphocholine  (DLPC),  1,2-dimyristoyl-sn-glycero-3-phospho-
choline (DMPC) liposomes and Span 20, Tween 85 niosomes. In addition, two kinds of
experiments were done to clarify the possible mechanism of liposomes as follows: the excised
skin was pretreated for 1 h with caffeine-free phospholipid dispersions and liposomes, and
caffeine solution was added to determine its skin permeation. Separately, caffeine permeation
experiments were done using physical mixture of blank liposomes and caffeine solution
(caffeine-spiked liposomes) and caffeine-entrapped liposomes (caffeine was entrapped only in
liposomes). As a result, DPPG was found to be a promising phospholipid candidate to develop
liposome formulations since it could significantly enhance the skin permeation of caffeine as
in the pretreatment experiments. In addition, DPPG liposomes could carry both non-entrapped
and entrapped caffeine through the skin. Thus, selecting the compositions of liposomes and
niosomes is a crucial factor to consider in improving the skin penetration of drugs from the

drug delivery carriers.
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