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1. Introduction

Resveratrol (3,5,40-trihydroxy-trans-stilbene, Fig. 1) belongs to
a class of polyphenolic compounds called stilbenes found in the
skin of grapes [1]. It is beneficial for cardiovascular health as it
prevents oxidative damage and platelet aggregation, promotes
vasodilatation, and exhibits antimicrobial activity against derma-
tophytes and the herpes simplex virus [2–5]. Such beneficial
effects of resveratrol have highlighted its potential applications
throughout the world [6]. However, it has some limitations owing
to its poor solubility in water, and its instability [7]. These
shortcomings therefore need to be overcome if resveratrol is to
fulfill its potential.

Human skin is a layered structure composed of three main
layers: epidermis, dermis, and subcutaneous tissue. The outermost
layer, the epidermis, which forms a barrier for protection of the
underlying tissue from the environment, is known as the stratum
corneum. This same structure, however, also provides a barrier
to therapeutic agents that need to permeate the skin in order to
achieve their objectives. Therefore, a major focus of transdermal
drug delivery research is the development of methods to overcome
this barrier and allow the active agents to permeate the skin.

Liposomes are spherical structures that consist of one or more
phospholipid bilayers, and have been used as a transdermal drug
delivery system owing to their interaction with the cell surface [8].
When the liposome reaches the cell surface, drug delivery is
achieved via the fusion of the liposome to the cell membrane,
protein-mediated transfer, or phagocytosis and pinocytosis [9].
However, the poor liposome stability can result in degradation,
aggregation, and fusion, thereby leading to the leakage of the
entrapped drug [10].

Polymer coating is a promising way to modify the surface
characteristics of liposomes in order to improve their applicability.
This can be achieved by simply mixing a liposome suspension with
a polymer solution without chemically linking the two compo-
nents [11]. On coating the liposomes with the polymers, long-
range mutual repulsion between the adjacent bilayers arise, which
improves their stability. In addition, coating with a positively
charged polymer can improve the skin permeation because of the
increased interaction between the liposomes and the skin [12,13].

Chitosan is a hydrophilic, biocompatible, biodegradable, and
positively charged polysaccharide polymer. It has been previously
used as a coating material for carrying hydrophilic drugs across
the skin barrier, thereby enhancing the drug delivery [14,15].
Accordingly, coating the liposomes with chitosan can significantly
improve skin permeation.

In this study, we investigated the particle size, zeta potential,
entrapment efficiency, and skin permeation of chitosan-coated
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A B S T R A C T

In this study, chitosan-coated liposomes were investigated for use in enhanced transdermal delivery of

resveratrol. Particle size, entrapment efficiency, stability, and skin-permeation efficiency were

evaluated. The particle size was seen to increase on coating with chitosan, with higher concentrations

of coating solution forming larger particles. The zeta potential of the liposomes also followed the same

trend, i.e., it changed from a negative value for uncoated liposomes to increasingly positive values for the

chitosan-coated ones. The chitosan coating was seen to increase the stability of the liposomes by

preventing their aggregation. Transdermal delivery of uncoated and 0.1% chitosan-coated liposomes

containing 0.1% resveratrol was investigated using Franz diffusion cells. The proportions of resveratrol

that permeated the animal skin were 40.42% and 30.84% for the coated and uncoated liposomes,

respectively. This increased skin-permeation efficiency with the coating could be explained by the

tendency of positively charged liposomes to interact more strongly with the skin surface. These results

indicate that chitosan-coated liposomes could be an effective transdermal delivery system for delaying

skin aging using resveratrol.
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liposomes containing resveratrol in order to improve the applica-
tion of this compound in cosmetics.

2. Experimental

2.1. Materials

l-a-Phosphatidylcholine (egg PC, �60%) and chitosan (low
molecular weight, viscosity 20–300 cP) were purchased from
Sigma–Aldrich (USA). Resveratrol was purchased from TCI (Japan).
All other chemicals were of analytical grade.

2.2. Preparation of liposomes

Egg PC (2%, w/v) and resveratrol (0.1%, w/v) were dissolved in a
mixture of chloroform (10 mL) and methanol (5 mL). The solution
was then poured into a round-bottom flask, and the solvent was
removed by rotary evaporation (Buchi, Switzerland), resulting in
the formation of a thin layer of lipid film on the walls of the flask.
Distilled water (10 mL) was then added to the flask and the
solution was sonicated using a probe-type sonicator (Branson,
USA) to obtain uniformly sized submicron particles.

2.3. Preparation of chitosan-coated liposomes

Chitosan was dissolved in 1% v/v solution of acetic acid in water
in various concentrations (0.1%, 0. 3%, and 0.5%, w/v). The liposome
suspension was then added dropwise to an equal volume of the
chitosan solution with stirring. The mixture was incubated for 1 h
with continuous stirring and then left overnight at 4 8C. The
resulting chitosan-coated liposomes were harvested from the
suspension by centrifugation at 15,000 rpm for 30 min at 4 8C
(Labogene 2236HR, Korea), which was then resuspended in
distilled water.

2.4. Particle size and determination of zeta potential

The particle size and zeta potential of the chitosan-coated
liposomes were measured using an ELSZ analyzer (Otsuka
Eletronics, Japan).

2.5. Entrapment efficiency of resveratrol in liposomes

Free resveratrol was removed from the liposome or chitosan-
coated liposome suspension by filtering through 1.2 mm cellulose
acetate filters (Minisart, CA, 26 mm). The liposome vesicles were
resuspended in ethanol (15 mL) and the solvent was then removed
by rotary evaporation. The remaining resveratrol was redissolved
in ethanol and its content was measured using HPLC (Shimazu,
Japan). The following equation was used to calculate the
entrapment efficiency:

Entrapment efficiency ð%Þ ¼ P

T
� 100

T is the initially added resveratrol content;P is the content of
resveratrol passed through the 1.2 mm filter.

2.6. In vitro skin-permeation study

The in vitro skin-permeation study was carried out using Franz
diffusion cells (Permegear, USA). Full-thickness skin was removed
from the dorsal side of a freshly excised ICR albino mouse (8 weeks,
female). Subcutaneous fat and bristles were carefully removed
from the skin, which was then stored at -70 8C. A specimen of the
skin was sandwiched between the two halves of the Franz cell,
with stratum corneum facing the donor compartment. The
receptor compartment had a volume of 5 mL and was filled with
a receptor phase (HCO-60:ethanol:phosphate buffered saline
(PBS) = 2:20:78, w/w/w). The compartment was kept at 37 8C by
circulating water through it. An aliquot (0.2 mL) of the sample was
introduced into the donor compartment, which was then covered
with parafilm to prevent the evaporation of the solvent. The
receptor phase was continuously stirred by a spinning bar magnet.
Receptor phase samples (0.5 mL) were withdrawn through the
sampling port of the receptor compartment at intervals of 4 h
throughout the 24 h experimental period, and the receptor
compartment was refilled with the receptor phase to maintain a
constant volume. The test samples were concentrated, dissolved in
100% ethanol, and then analyzed for resveratrol content (Fig. 7,
Transdermal) using HPLC equipped with a UV detector and
computer integrating apparatus. The column was a Shim-pack VP-
ODS C18 (250 mm � 4.6 mm). The skin surface was then washed
on each side with 3 mL PBS solution to remove the residual donor
sample. The stratum corneum was subsequently removed by the
stripping method using three strips of 3M scotch tape (3M, Korea).
The tape strips were dissolved in 100% ethanol at 70 8C, and
analyzed for resveratrol content using HPLC. The remaining skin
was cut into small pieces and dissolved in 100% ethanol at 70 8C
and analyzed for resveratrol content using HPLC.

2.7. Statistical analysis

All reported data are presented as mean � S.E.M. Statistical
significance was determined by Student’s t-test.

3. Results and discussion

3.1. Particle size of chitosan-coated liposomes containing resveratrol

The effects of chitosan addition on the physical properties of
liposomes containing 0.1% resveratrol were investigated. Lipo-
somes containing 0.1% resveratrol were coated with 0.1%, 0.3%, and
0.5% chitosan solution (w/v). The particle size of uncoated (typical)
liposomes was found to be 212.83 nm. After coating with chitosan
solution, this increased to 279.85, 432.58, and 558.35 nm, for 0.1%,
0.3%, and 0.5% chitosan solutions, respectively (Fig. 2). These
significant increases in the size of liposomes were attributed to the
adhesion of the chitosan to the liposome surface via strong
interactions, thereby forming a layer on the surface [16,17]. In
addition, the particle size was found to be highly dependent on the
concentration of chitosan. These results suggest that large
aggregated structures self-assembled on the liposome surface,
with higher chitosan concentrations forming a thicker layer [18].

3.2. Zeta potential of chitosan-coated liposomes containing

resveratrol

Zeta potential measurements are commonly used to investigate
certain physical properties of colloidal drug delivery systems. They
give an indication of the surface electrical charge of the particles,

Fig. 1. Structure of resveratrol.
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