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Abstract. The aim of this study is to develop meloxicam (MX)-loaded cationic transfersomes as skin
delivery carriers and to investigate the influence of formulation factors such as cholesterol and cationic
surfactants on the physicochemical properties of transfersomes (i.e., particle size, size distribution, droplet
surface charge and morphology), entrapment efficiency, stability of formulations and in vitro skin perme-
ation of MX. The transfersomes displayed a spherical structure. Their size, charge, and entrapment
efficiency depended on the composition of cholesterol and cationic surfactants in the formulation. Trans-
fersomes provided greater MX skin permeation than conventional liposomes and MX suspensions. The
penetration-enhancing mechanism of skin permeation by the vesicles prepared in this study may be due to
the vesicle adsorption to and/or fusion with the stratum corneum. Our results suggest that cationic
transfersomes may be promising dermal delivery carriers of MX.
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INTRODUCTION

Liposomes, lipid-based delivery systems, have been
developed as vesicles for transdermal drug delivery
(TDD) because they are predominantly phospholipids
bilayers similar to those found in biological membranes.
Liposomes are small, spherical, and self-closing aqueous
core vesicles consisting of amphiphilic lipids. Liposomes
have unique properties due to the amphiphilic character
of their lipids, which make them suitable for both hydro-
philic (1,2) and lipophilic (3,4) drug delivery. It has be-
come evident that conventional liposomes are of little or
no value as carriers for transdermal drug delivery because
they do not deeply penetrate skin, but rather they remain
confined to the upper layers of the stratum corneum (5).
Only specially designed vesicles such as Transfersomes®
have been shown to allow transdermal delivery.

Deformable liposomes (Transfersomes®), the first
generation of elastic vesicles introduced by Cevc et al.
(6), were reported to penetrate intact skin carrying thera-
peutic concentrations of a drug but only when applied
under non-occluded conditions. Transfersomes are pre-
pared from phospholipids and edge activators. An edge
activator is often a single-chain surfactant with a high
radius of curvature that destabilizes the lipid bilayers of
the vesicles and increases the deformability of the

bilayers. Sodium cholate, sodium deoxycholate, Span 60,
Span 65, Span 80, Tween 20, Tween 60, Tween 80 and
dipotassium glycyrrhizinate have been employed as edge
activators (7). Transfersomes were reported to improve in
vitro skin permeation of various drugs (8–10). The surfac-
tant is also the main composition of transfersomes; there-
fore, the type of surfactant also directly affects the
physicochemical characteristics of the vesicles.

Although many studies have been performed to clarify
the effect of the surfactant on the enhancement of skin per-
meation, the results have not been consistent. Positive (3,11–
13) and negative (4,14,15) effects on skin permeation have
been reported for both anionic and cationic transfersomes.
Moreover, basic knowledge of surfactants was also required
to understand the effect of the carbon chain length and the
hydrophilic head group on the enhancement of skin perme-
ation. The finding will provided important fundamental infor-
mation for developing novel transdermal drug delivery
systems. The mechanism by which liposomes and their analogs
deliver drugs through the skin is not fully understood, and
different mechanisms have been suggested. The mechanism
may vary based on the characteristics of the liposome formu-
lation and drug. Liposomal carriers must be designed and
tested on a case-by-case basis.

Meloxicam (MX) (Fig. 1), a highly potent, non-steroidal
anti-inflammatory drug (NSAID), is used for the treatment of
rheumatoid arthritis, osteoarthritis and other joint diseases.
However, adverse effects on the gastrointestinal (GI) tract,
such as stomachache and indigestion, and patient compliance
are weaknesses of oral and injectable MX administrations.
Skin delivery is an alternative administration for MX that
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can minimize GI side effects and improve patient compliance.
Transdermal dosage forms of MX such as patches (16) and
gels (17,18) have been formulated and investigated. However,
its low aqueous solubility (0.012 mg/mL) (18) is the limitation
for preparation in topical forms.

In this study, the various types of cationic surface
were used in the comparative study for comparing the
enhancement of skin permeation. The aim of the present
study was to develop transfersomes as a skin delivery
carriers for MX and to investigate the influence of formu-
lation factors such as cholesterol and cationic surfactants
on the physicochemical properties of the transfersomes
(i.e., particle size, size distribution, droplet surface charge
and morphology), entrapment efficiency, stability of for-
mulations and in vitro skin permeation. Moreover, the
possible mechanisms for enhancement of the skin permeation
of transfersomes were investigated by Fourier transform infra-
red (FT-IR) spectroscopy and differential scanning calorimetry
(DSC).

MATERIALS AND METHODS

Materials

Phosphatidylcholine (PC) from eggs was purchased from
Lipoid GmbH (Ludwigshafen, Germany). Cholesterol (Chol)
was purchased from Carlo Erba Reagenti (Strada Rivoltana,
Rodano, Italy). Dodecyltrimethylammonium bromide
(DTAB), stearylamine (SA) and cetylpyridinium chloride
monohydrate (CPC) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Meloxicam (MX) was supplied from
Fluka (Buchs, Switzerland). All other chemicals were com-
mercially available and of analytical and high-performance
liquid chromatography (HPLC) grade.

Preparation of Meloxicam-Loaded Liposomes, Transfersomes,
and Suspensions

Liposomes and transfersomes were prepared by the son-
ication method. Briefly, PC, Chol, DTAB, CPC, SA, and MX
were dissolved in chloroform/methanol (2:1v/v). Liposomes
and transfersomes containing a fixed amount of PC and MX
were prepared. The formulations were composed of a bilayer
formed from PC and Chol, DTAB, CPC or SA in a molar ratio
of 10:2. The MX concentration was 10.0% (w/w) of PC. To
prepare MX-loaded liposomes and transfersomes, the lipid
compositions were deposited in a test tube, and the solvent
was evaporated with nitrogen gas. The lipid thin-film was
placed in a desiccator connected to a vacuum pump for 6 h
to remove the remaining organic solvent. The dried lipid thin-
film was hydrated with Tris buffer pH 7.4. Following hydra-
tion, the dispersion was sonicated in a ice-bath for 30 min and
then probe-sonicated for 2 cycles of 30 min. The lipid compo-
sitions of liposome and transfersome formulations utilized in
this study are listed in Table I.

The MX suspension was prepared by adding an excess
amount of MX (at least two times higher than the solubility) in
distilled water and stirring for 24 h to ensure constant thermo-
dynamic activity throughout the course of the permeation
experiment.

Particle Size, Size Distribution and Zeta Potential of Vesicles

The particle size, size distribution and zeta potential of the
liposomes and transfersomes were measured by a Zetasizer
Nano ZS (Malvern Instruments, Malvern, UK) at room temper-
ature. One hundred microliters of the liposome and transfer-
some was diluted with 900 μL deionized water. At least three
independent samples were prepared, each of which was mea-
sured at least three times.

Morphology of Vesicles

Morphology characterization of vesicles was performed
by transmission electron microscopy (TEM) (JEM-1230, Jeol,
Japan). One drop of the liposomal or transfersomal vesicles
was dropped onto a copper grid; then, the excess suspension
was adsorbed immediately using filter paper. The vesicles
were air-dried on the copper grid. After drying, the grid was
observed using TEM at 5,000-50,000 magnification with an
acceleration voltage of 80 kV.

MX

EPC

Chol

DTAB                                     

CPC

SA

Fig. 1. The chemical structure of meloxicam and the lipid composi-
tions of the formulations
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Entrapment Efficiency

The entrapment efficiencies (EE) of MX in the formula-
tion was determined by HPLC after disruption of the vesicles
(liposomes and transfersomes) with Triton® X-100 (0.1%w/v)
at a 1:1 volume ratio and appropriate dilution with PBS (pH
7.4). The vesicle/Triton® X-100 solution was centrifuged at
10,000 rpm at 4°C for 10 min. The supernatant was filtered
with a 0.45-μm nylon syringe filter. The entrapment efficien-
cies of MX loaded in the formulation were calculated using
the following equation:

% EE ¼ CL=C ið Þ � 100 ð1Þ
where CL is the concentration of MX loaded in the formula-
tion as described in the above methods and Ci is the initial
concentration of MX added into the formulation.

Stability Evaluation of Liposomes and Transfersomes

Liposomes and transfersomes were stored in glass bottles
with plastic plugs at 4±1°C, 25±1°C (room temperature, RT)
and 45±1°C for 30 days to examine the stability of the formula-
tions. The physicochemical stability of MX-loaded liposomes
and transfersomes was evaluated by visual observation for sed-
imentation, particle size, zeta potential determination, and mea-
surement of the MX remaining in the formulation by HPLC
after 1, 7, 15, and 30 days.

In Vitro Skin Permeation Study

Shed snake skin of Naja kaouthia was used as a model
membrane because it was reported to have similar perme-
ability to human skin (19). It was donated by the Queen
Saovabha Memorial Institute, Thai Red Cross Society,
Bangkok, Thailand. The whole shed snake skin was
obtained immediately after shedding from five to seven
different snakes. Each snake skin could be divided into
10–12 pieces. The thickness of the shed snake skin was
approximately 0.02–0.03 mm. It was stored at −10°C prior
to use. After thawing, the skin was cut into round sections
of 1 in.2 and was then immediately placed on the diffusion
cell. The permeation of MX-loaded liposomes and
transfersomes through the skin was determined by using a
side-by-side diffusion cell. The shed snake skin was
mounted between the two half-cells of a side-by-side
diffusion cell with a 32°C water jacket to control the

temperature. The stratum corneum side of the skin faced
the donor compartment, which was filled with the
formulation containing MX (3 mL). The receptor
compartment was filled with 0.1 M PBS (pH7.4) and
stirred with a star-head Teflon magnetic bar driven by a
synchronous motor. The sink condition in the receptor
medium was obtained in this study. At appropriate
intervals of 0.5, 1, 2, 4, 6, 8, 10, and 12 h, 0.5 mL aliquots of the
receptor medium was withdrawn and immediately
replaced with an equal volume of fresh medium. The
samples from the receptor medium were analyzed by
HPLC and the cumulative amount was plotted against time.
The steady-state flux was determined as the slope of linear
portion of the plot.

HPLC Analysis

A HPLC 1100 system (Agilent 1100 Series HPLC
System, Agilent technologies, USA) was used to analyze
the amount of MX. Chromatographic separation of MX
was achieved using an Eclipse XDB-C18 column (particle
size05 μm; column dimension04.6×150 mm) operating at
1 mLmin−1. A mobile phase consisting of potassium
dihydrogen phosphate pH4.4, methanol, and acetonitrile
(45:45:10, v/v/v) was used. The injection volume was
20 μL, and UV detector was set at 364 nm, respectively.
All of the sample solutions were filtered through a
polytetrafluoroethylene filter (average pore size00.45 μm)
prior to injection. The calibration curve for MX was in the
range of 1–100 μg/mL with a correlation coefficient of
0.999. The percentage recovery was found from 99.85–
100.30%, and relative standard deviation for both intra-
day and inter-day was less than 2%.

Characterization of Snake Skin After Skin Permeation

FT-IR Analysis of Shed Snake Skin

Following the skin permeation experiment, the shed
snake skin was washed with water, blotted dry and kept in
desiccators. The spectrum of the skin sample was recorded in
the range of 4000–500 cm−1 using a FT-IR spectrophotometer
(Nicolet 4700, Thermo Scientific, USA). The FT-IR spectrum
of the treated skin with the MX suspension was also recorded
and used as a control.

Table I. The Lipid Compositions of Liposome and Transfersome Formulations

Name (molar ratio)

Composition (%w/v)

MX PC Chol DTAB CPC SA Tris buffer

PC (10:0) 0.07 0.77 – – – – 100 mL
PC/Chol (10:2) 0.07 0.77 0.07 – – – 100 mL
PC/DTAB (10:2) 0.07 0.77 – 0.06 – – 100 mL
PC/DTAB/Chol (10:2:2) 0.07 0.77 0.07 0.06 – – 100 mL
PC/CPC (10:2) 0.07 0.77 – – 0.07 – 100 mL
PC/CPC/Chol (10:2:2) 0.07 0.77 0.07 – 0.07 – 100 mL
PC/SA (10:2) 0.07 0.77 – – – 0.05 100 mL
PC/SA/Chol (10:2:2) 0.07 0.77 0.07 – – 0.05 100 mL
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DSC Analysis of Shed Snake Skin

Thermal analysis of the shed snake skin after the perme-
ation experiment prepared with the same method as used for
the FT-IR analysis was performed with a DSC (Pyris Sapphire
DSC, PerkinElmer instrument, USA). The skin sample (2 mg)
was weighed into an aluminum crimp pan and was heated
from −30 to 320°C at a heating rate of 10°C/min. All DSC
measurements were collected under a nitrogen atmosphere
with a flow rate of 100 mL/min. The DSC thermogram of
the treated skin with MX suspension was also recorded and
used as a control.

Data Analysis

The data are reported as the means±S.D. (n03–6), and
statistical analysis of the data was carried out using one-way

ANOVA followed by an LSD post hoc test. A p value of less
than 0.05 was considered to be significant.

RESULTS

Physicochemical Characteristics of Liposomes and Transfersomes

The vesicle size of liposomes and transfersomes were in
the range of 60–90 nm with the polydispersity index of 0.2–0.3,
indicating that the liposomes and transfersomes were homo-
geneously dispersed. The zeta potential of the liposomes was
between −3 and −14 mV, whereas that of the transfersomes
was between 20 and 50 mV (Table II). The zeta potential of
the CPC-containing formulation was higher than that of the
DTAB-containing formulation, SA-containing formulation
and liposome formulation. The addition of cationic surfactant
increased the positive charge of the formulation. These results
indicated that the zeta potential was dependent upon the type

Table II. The Physicochemical Characteristics of Liposomes and Transfersomes

Sample name Size (nm) PDI Zeta (mV) %EE Conc. (μg/ml)

PC 69.64±2.60 0.37±0.03 −3.70±1.15 50.61±0.72 391.21±5.56
PC/Chol 78.72±0.59 0.28±0.01 −14.47±1.09 50.15±1.13 387.69±8.73
PC/DTAB 71.23±0.83 0.32±0.03 24.68±1.77 70.24±0.88 542.93±6.81
PC/Chol/DTAB 67.60±0.68 0.29±0.01 28.31±1.04 67.93±1.06 525.12±8.16
PC/CPC 60.92±0.78 0.30±0.03 52.48±3.57 66.55±1.13 514.41±8.77
PC/Chol/CPC 66.03±1.10 0.29±0.03 52.23±1.99 62.58±0.85 483.75±6.56
PC/SA 87.36±0.77 0.36±0.05 23.00±1.61 23.01±0.86 177.85±6.61
PC/Chol/SA 77.88±0.40 0.37±0.01 22.53±1.23 22.46±0.62 173.80±4.80

PDI polydispersity index

Fig. 2. Transmission electron microscopy of MX-loaded vesicles. Visualization of MX loaded in liposomes a
PC (5,000×), b PC (50,000×), c PC/CPC (5,000×), and d PC/CPC (50,000×)
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of cationic surfactant, and CPC showed a strong interaction
with PC in bilayers. The entrapment efficiency of liposomes
and transfersomes was in the range between 20% and 70%
(Table II). The addition of cholesterol decreased the entrap-
ment efficiency and the concentration of drug in the formula-
tion. No significant difference (p>0.05) was found in the vesicle
formulations with and without cholesterol in this study. The
incorporation of cationic surfactant (DTAB and CPC) in the
transfersomes significantly (p<0.05) increased the entrapment
efficiency percentage and concentration of drug in the formula-
tion. The two-dimensional morphology of the vesicles was fur-
ther evaluated by TEM, indicating the vesicular characteristics.
MX, loaded in liposomes and transfersomes, was prepared from
PC and PC/CPC, respectively, was small and spherical (Fig. 2).

Stability of Liposomes and Transfersomes

Figure 3 shows (a) size, (b) size distribution, (c) zeta po-
tential, and (d) percentage of MX remaining of the formulation
at 4°C, 25°C, and 45°C for 30 days. No sedimentation was found
in any vesicle formulation after fresh preparation. After storage
at 4°C for 30 days, no sedimentation was observed, and the size,
size distribution and percentage of MX remaining in the formu-
lation at 4°C for 30 days were not significantly different from the

initial preparation. Similarly, after storage at 25°C and 45°C for
15 days, there was no sedimentation in any formulation, and the
size, size distribution, and percentage of MX remaining in the
formulation at 25°C and 45°C for 15 days were not different
from the initial preparation. However, the percentage of MX
remaining in the formulation was less than 80% after storage at
25°C and 45°C for 30 and 15 days, respectively.

In Vitro Skin Permeation Study

Figure 4a shows the permeation profiles of MX in the for-
mulations, including MX suspensions (control), MX-loaded lip-
osomes andMX-loaded transfersomeswith CPC. The cumulative
amount of drug increased linearly with time after a short lag time
(0.5–0.8 h). This linear accumulation was also observed for other
liposome and transfersome formulations in our study. Figure 4b
shows the pseudosteady-state flux (F) of MX through shed snake
skin in various formulations, which was determined as the slope
of the linear portion of the plot. The F of MX that permeated
through the skin in all vesicles formulations was significantly
higher than in MX suspensions; however, the F of MX in trans-
fersomes was significantly higher than in liposomes. The cumula-
tive skin permeation profile of MX in the vesicles composed of
cholesterol was slightly lower than vesicles without cholesterol.

Fig. 3. a Size, b size distribution (polydispersity index, PDI), c zeta potential and d % MX remaining in the formulation at 4°C, 25°C, and 45°C
for 30 days. Each value represents the mean±SD (n03)
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Characterization of Skin After Skin Permeation

The skin sample after skin permeation was investigated by
FT-IR and DSC. The FT-IR spectra and DSC thermogram are
presented in Fig. 5a,b, respectively. The FT-IR spectra of the
skin sample provided a measure of fluidity of the stratum

corneum (SC) lipid. The FT-IR spectra of the skin treated with
the MX suspension and the skin treated with the vesicle formu-
lation were compared. The results indicated absorption broad-
ening for both the C–H (CH2) asymmetric stretching peak near
2920 cm−1 and the C–H (CH2) symmetric stretching peak near
2850 cm−1. The DSC thermograms of the skin treated with the
MX suspension and the skin treated with the vesicle formulation
were also compared. The results indicated that the thermal
properties of the skin samples were shifted. The SC lipid of the
skin samples exists as a solid gel state at a temperature of 229°C.
The skin was treated with the vesicle formulations, which exist
as liquid states at the following temperatures: PC/CPC, 226.0°C;
PC/SA, 226.6°C; PC/DTAB, 227°C; PC/CPC/Chol, 227.1°C;
PC/SA/Chol, 227.3°C; PC/DTAB/Chol, 228.1°C; PC, 228.2;
and PC/Chol, 228.3.

DISCUSSION

Several researchers have outlined that the physicochem-
ical properties of a vesicle can be influenced by modifying the
surface charge of vesicle (15). Comparing liposomes consisting
of phospholipid alone and transfersomes consisting of phos-
pholipid and edge activator (surfactant), the vesicles of lip-
osomes were different in physicochemical characteristics such
as size, charge, morphology and % EE than those of trans-
fersomes. The presence of surfactant led to modification of the
surface charge of the vesicle, which may affect the vesicular
characteristics (9). No significant difference (p>0.05) was
found in the vesicle size between liposomes and transfersomes
both with and without cholesterol. However, the previous
study (14) reported that the neutralization between the differ-
ent charges of the cationic drug and anionic vesicles can reduce
the repulsive forces between the bilayers, thus resulting in a
decrease in vesicle size of niosomes compared to the case when
the drug and vesicles have the same charge, which results in a
larger vesicle size from repulsive forces between the cationic
drug and cationic niosomes. The vesicle size of those containing
cholesterol was significantly different compared to vesicles with-
out cholesterol because the cholesterol may cause the bilayer to
become more compact (20).
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The surface charge of transfersomes containing cationic
surfactant was significantly higher than the conventional lip-
osomes. The presence of cationic surfactant directly affects the
positive charge of transfersomes due to the intrinsic properties
of the cationic surfactant. However, the surface charge of each
transfersome formulation was significantly different because the
hydrophilic head group of each cationic surfactant is different
(Fig. 1).

The entrapment efficiency of transfersomes containing
cationic surfactant was significantly higher than that of the
conventional liposomes. These results might be attributed to
the intrinsic properties of the cationic surfactant (such as a
solubilizer) and the interactions among the surfactants (CPC
and DTAB), MX and lipid bilayer. When a surfactant, such as
sodium stearate, was incorporated into the phosphatidyletha-
nolamine vesicles, the entrapment efficiency of the drug was
significantly increased (21).

In the stability study, the absence of cholesterol and/or
cationic surfactant did not lead to any significant differences in
physicochemical stability at the storage age. In our expectation,
the formulations should be stable during the storage age, and all
physicochemical characteristics (size, charge, % MX remaining
in the formulation) should not be significantly different. How-
ever, the higher temperature caused the physicochemical insta-
bility of vesicles containingMX. Temperature is themajor factor
affecting the stability of the vesicle formulation (22). In this
study, the temperature recommended for storing liposomes
and transfersomes was 4°C and 25°C for 30 days.

The in vitro skin permeation flux (F) of MX-loaded cationic
transfersomes was significantly higher than liposomes and MX
suspensions. The F of MX permeation into the skin from trans-
fersomes with different cationic surfactants are ranked as follows:
CPC (C21)>SA (C18)>DTAB (C15). The higher the carbon
chain length of the cationic surfactant in the formulation, the
higher the skin permeation of MX. The surfactants consisting of
different carbon chains showed different surfactant properties
(23). C15–C21 might be a suitable structure and carbon chain
length range for skin permeation of MX-loaded transfersomes.
These results suggested that the cationic surfactant in transfer-
somes directly affected the skin permeation. The transfersomes
containing cationic surfactant may affect the lipids of SC and
produce an enhancing effect by disturbing the SC lipids. The
significantly lower skin permeation of MX suspensions than the
MX-loaded vesicle formulation indicated that the free-drug
mechanism was significantly smaller or had no more effect than
themechanism of vesicle. Comparing the vesicles composed of or
lacking cholesterol, the results indicated that cholesterol might be
a factor affecting the enhancement in skin permeation ofMX.An
increase in cholesterol led to an increase in the stability and
rigidity and a decrease in the permeability of the lipid bilayers
(20). Our results indicated that the incorporation of cholesterol
caused lower skin permeation of the drug because of the intrinsic
properties of cholesterol that may affect the physicochemical
properties of the vesicle. In particular, an effect on the elasticity
of the vesicles may directly affect the intact vesicular skin perme-
ationmechanism (24). However, cholesterol was themain lipid in
the composition, which was important for the stability of the
vesicle formulation, and therefore the optimum ratio of choles-
terol needs to be further studied.

After the in vitro skin permeation study, the shed snake
skin samples were investigated by FT-IR and DSC. In the FT-

IR spectra, the absorption broadening for both the C–H
(CH2) asymmetric stretching and the C–H (CH2) symmetric
stretching of the skin samples that were treated with the
vesicle formulation indicated that the vesicles might affect
fluidity of the SC lipids by disruption them. The DSC thermo-
gram indicated that the vesicles may disrupt the SC lipids,
which also directly affects the barrier function of the SC. The
FT-IR spectra and the DSC thermogram were consistent with
the previous study (25). Our results indicated that the mech-
anisms of the skin permeation enhancement of the vesicles
might be vesicle adsorption to and/or fusion with the SC.

CONCLUSION

MX-loaded cationic transfersomes were successfully pre-
pared using a sonication method. The incorporation of cationic
surfactants resulted in small size, positive charge and high en-
trapment efficiency. Cationic transfersomes provided greater
MX skin permeation than conventional liposomes and MX
suspensions. The results indicated that the barrier function of
the SCwas affected by the physicochemical characteristics of the
vesicle systems (size, charge, and %EE) and lipid composition
(cholesterol and surfactant). A penetration-enhancing mecha-
nism of transfersomes, such as the vesicle adsorption to and/or
fusion with the SC, was observed. In our study, CPC showed the
greatest skin permeation among other surfactants. This study
suggests that cationic transfersomes have the potential to be
dermal delivery carriers of MX.
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