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Microemulsion Formulations for the Transdermal Delivery of Lapachol
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Abstract. This project was carried out to investigate the feasibility of using
microemulsions for transdermal delivery of lapachol. From the screening of surfactants and
oils, a range of microemulsions were developed using oleic acid, a mixture of Cremophor EL
and Tween 20 and water. The solubility of lapachol was determined in these ingredients and
in the formulated microemulsions. The microemulsions were characterised using cross-
polarising light microscopy, their electrical conductivity, pH, zeta potential and rheology were
analysed, and they were also investigated using small-angle X-ray scattering and differential
scanning calorimetry. Ex vivo studies were performed using porcine ear skin and Franz
diffusion cells to investigate the permeation and retention of lapachol. Systems containing
different concentrations of Cremophor EL (8.4–41.6%), Tween 20 (5.4–41.6%) and oleic acid
(12–31.9%) are able to form microemulsions. Lapachol was delivered more effectively
through the skin from all of the microemulsions tested than by the control (oleic acid). These
studies indicated that microemulsions incorporating lapachol were formed successfully and
that these enhanced drug delivery and retention in the skin. Microemulsion systems may,
therefore, provide promising vehicles for percutaneous delivery of lapachol.

KEY WORDS: controlled release; drug delivery systems; in vitro models; microemulsion; percutaneous;
permeability; skin.

INTRODUCTION

Lapachol (2-hydroxy-3-(3-methylbut-2-enyl)naphtha-
lene-1,4-dione) (Fig. 1) is an important naturally occurring
naphthoquinone that was isolated from the bark of Tabebuia
avellanedae (Mart. Ex DC.) Standl., in the mid-1950s by the
industrial chemist, Oswaldo Gonçalves de Lima (1–3). It is a
yellow powder that is weakly acidic (pKa = 6.15) and has a
melting point between 139 and 142 °C (4).

Lapachol has been shown to have several pharmacolog-
ical activities, including antimicrobial, antifungal, mollusci-
cidal, leishmanicidal, trypanocidal, antimalarial, anti-
inflammatory, anti-cancer, anti-ulcer, contraceptive and im-
munosuppressive effects (2,5–8). Its relatively low molecular
weight (242 g mol−1), moderate lipophilicity (log Poil/water =
2.69; water solubility = 2 mg L−1 at 25 °C) and low oral
bioavailability (9–11) are favourable factors for transdermal
delivery. Therefore, topically applied lapachol could be
suitable for systemic treatment of skin diseases.

Transdermal drug delivery has demonstrated the ability
to enhance therapeutic efficacy, increase bioavailability and
avoid adverse effects related to oral administration (12).
However, the main challenge in the transdermal application is
the barrier function of the skin, which is difficult for most
drugs to overcome. Therefore, effective formulations capable
of delivering therapeutic agents through this barrier are
required (13). Different approaches have been employed to
enhance drug skin permeation and bioavailability, including
iontophoresis, sonophoresis, electroporation, micro-
perforation of the stratum corneum, incorporation of pene-
tration enhancers into the formulation, or solubilisation of the
drug in a colloidal delivery system, such as microemulsions.
This latter approach provides a promising alternative for
transdermal delivery (14,15).

During recent decades, numerous studies have suggested
that microemulsions have the potential to increase cutaneous
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delivery of both hydrophilic and lipophilic drugs, as compared
with conventional vehicles. A microemulsion is defined as a
dispersion consisting of oil, surfactants and an aqueous phase;
the droplets in these preparations are usually within the range
of 10–100 nm. Microemulsions are typically optically isotro-
pic, thermodynamically stable, and require no specific or
sophisticated technology to produce (13,16,17).

In a previous work, our research group has demonstrated
that lapachol has potential anti-inflammatory activity after
topical application which was characterised by its ability to
reduce the increase in hind-paw volume induced by carrageenan
injection (10). However, to the author’s knowledge, no attempt
has previously been made to deliver lapachol via microsystems.

Therefore, the present study aimed to develop and
characterise a transdermal microemulsion loaded with
lapachol. To achieve this objective, pseudoternary phase
diagrams were used as a tool to identify the microemulsion
regions. Selected formulations were characterised by physi-
cochemical properties and ex vivo skin permeation studies.

MATERIALS AND METHODS

Materials

Lapachol was obtained from the Departamento de
Antibiótico at the Universidade Federal de Pernambuco (Recife,
Brazil). Isopropyl myristate, polyethylene 20 sorbitan
monolaurate (Tween 20®), polyethylene glycol-400 (PEG 400;
VETEC, Brazil), polyglyceryl-6 dioleate (Plurol Oleique®;
Gattefossé, France), polyoxy-35-castor oil (Cremophor EL®),
sorbitane monooleate (Span 80®), oleic acid, olive oil (Sigma-
Aldrich, Germany), Orbignya oleifera seed oil (Babaçu oil;
Crodamazon Babaçu CO®), polyoxyethylene (18) oleyl ether
(BRIJ™ O20; Croda, Spain) and methanol (high-performance
liquid chromatography [HPLC] grade; JT Baker, USA) were
obtained from the indicated suppliers. All aqueous solutions were
prepared using high-purity deionised water with a conductance of
0.055 μS cm−1 (18.2 MΩ cm−1) (Purelab classic DI, Elga, UK).

Screening of Surfactants and Oils

The solubility of lapachol in a range of oils (isopropyl
myristate, oleic acid, olive oil and Babaçu oil) and surfactants
(Cremophor EL, Span 80, PEG 400 and Plurol Oleique) was

determined by vortex mixing excess lapachol with 5 mL of
each oil or surfactant in stoppered vials (10 mL capacity) for
10 min. The vials were then kept at 25 ± 1.0 °C in a Dubnoff
shaker water bath with a thermostat (Q226M2; Quimis,
Brazil) for 24 h to achieve equilibrium. The mixtures were
then removed from the shaker and centrifuged at 3000 rpm
(relative centrifugal force 754.65g) for 30 min to remove
excess undissolved lapachol. The supernatants were filtered
through a 0.45-μm cellulose acetate filter, and the drug
concentration in the filtrate was determined using a UV
spectrophotometer (Shimadzu UVmini-1249, Shimadzu,
Japan) at a wavelength of 278 nm, after appropriate dilution
(19).

Construction of Microemulsion Phase Diagrams

Based on the solubility studies, pseudoternary phase
diagrams were constructed to obtain the concentration
range of components for the existing microemulsion zones.
Cremophor EL was blended with Tween 20 (Smix) at weight
ratios of 1:1, 1:5, 2:1, 5:1 and 7:3. Aqueous phase titration
was used to construct the pseudoternary phase diagrams;
this involved stepwise addition of distilled water to nine
different ratios of oil and Smix (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3,
8:2 and 9:1 by weight) at 25 °C under magnetic stirring.
After equilibration, the mixtures were assessed visually and
categorised as either a one-phase microemulsion or a two-
phase mixture. Turbidity was considered an indication of
phase separation. Every sample that remained transparent
and homogeneous after vigorous stirring was assigned to the
monophasic area of the phase diagram. One axis of the
pseudoternary phase diagram represented the aqueous
phase, the other represented the oil phase and the third
represented the Smix (20).

Preparation of Lapachol Microemulsion

From each phase diagram constructed, different formulas
were selected from the microemulsion region for incorpora-
tion of drug into the oil phase (oleic acid). Lapachol (0.5%)
was dissolved gradually in oleic acid using magnetic stirring.
After complete solubilisation, Smix was added and the mixture
was then diluted with water under moderate stirring.

Microemulsion Characterisation

Each formulation remained in equilibrium for 48 h for
further characterisation. Formulations with and without drug
were evaluated throughout this study.

Cross-Polarised Light Microscopy

A drop of each microemulsion sample was placed
between a coverslip and a glass slide and observed using
cross-polarised light microscopy (DM 750P; Leica
Microsystems Heidelberg, Mannheim, Germany). In contrast
to anisotropic liquid crystals, isotropic materials such as
microemulsions will not interfere with polarised light (18)
and the field of view remains dark. Photomicrographs were
taken at ×20 magnification.

Fig. 1. Structure of lapachol
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Conductivity Measurements

Electrical conductivity was measured using a
conductometer (CG 2200; GEHAKA, Brazil). The electrode
was dipped in the microemulsion sample until the reading
became stable. The conductivity cell constant was calibrated
using standard KCl solutions. The measurements were
performed in triplicate at 25 ± 1 °C.

pH Measurements

The pH of the selected oleic acid/Smix/water
microemulsions was measured using a pH meter (PG 1800;
GEHAKA, Brazil). Triplicate measurements were
performed.

Zeta Potential Measurements

Zeta potential distribution was measured with the
ZetaSizer® Nano-ZS90 (Malvern Instruments, UK). Zeta
limits ranged from − 150 to 150 mV.

Rheological Analysis

The viscosity of the formulations was determined
using a concentric cylinder rheometer (MCR-302®; Anton
Paar, Austria). Shear rates of between 1 and 1000 s−1 were
used.

Small Angle X-Ray Scattering (SAXS)

The microemulsions were studied using small-angle X-
ray scattering (SAXS). Measurements were performed at the
Brazilian Synchrotron Light Laboratory (LNLS) using the
SAXS synchrotron beamline. The incident X-ray monochro-
matic beam (λ = 1.608 Å) was monitored by means of a
photomultiplier and detected on a Pilatus detector (8 × 8
binning). The SAXS chamber parasitic scattering was also
registered (with bias and dark-noise subtraction) and
subtracted from the sample pattern after sample attenuation
correction. SAXS results were obtained from I (q), as a
function of the modulus of the scattering vector q, where q =
(4π/λ)sin(ε/2) and ε represented the scattering angle. Each
SAXS curve corresponds to a data collection time interval of
10 s.

Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry (DSC) measure-
ments were performed with a DSC-60 (Shimadzu, Japan)
instrument equipped with a refrigerated cooling system
(Peltier, EK90/SH, Germany). Nitrogen was used as the
purge gas at a flow rate of 50 mL min−1. Approximately
2–3 mg of sample was weighed precisely into hermetically
sealable aluminium pans. An empty hermetically sealed
pan was used as the reference. Measurements were
carried out in cooling mode, where the sample was
cooled from 25 °C to − 50 °C at a rate of 10 °C min−1.
Sample thermograms were analysed using the Tasys®
software (Shimadzu, Japan).

Solubility of Lapachol in the Microemulsion

Excess lapachol was vortex-mixed for 10 min with 5 mL
of each microemulsion formulation in a 10-mL stoppered vial.
The mixture vials were then kept at 25.0 ± 1.0 °C in a Dubnoff
shaker water bath with a thermostat (Q226M2; Quimis,
Brazil) for 24 h to achieve equilibrium. The mixtures were
removed from the shaker and centrifuged at 3000 rpm
(relative centrifugal force 754.65g) for 30 min to remove
excess undissolved lapachol. The supernatants were filtered
through a 0.45-μm cellulose acetate filter. The filtrate was
diluted with methanol and the lapachol concentration was
determined using HPLC-UV, as described in the section
below.

The saturation levels were calculated using the following
equation, where Cv is the concentration of the drug dissolved
in the vehicle and CS,v is the solubility of the drug in the
vehicle (21).

Saturation level %ð Þ ¼ Cv

CS;v

HPLC-UVAssay of Lapachol

HPLC-UV analyses were performed using a Shimadzu
HPLC system equipped with a UV detector, an autosampler
and a reverse phase column (Phenomenex Gemini® Nx,
250mm× 4.6 mm, 5 μm). A degassed 80:20 mixture of methanol
and acetic acid aqueous solution (5%) was used to elute samples
at ambient temperature at a flow rate of 1 mL min−1; 20 μL of
each sample was injected. Samples and mobile phases were
filtered through a 0.45-μm cellulose acetate filter (Millipore,
Bedford, MA), prior to HPLC analysis. UV detection was
employed at a wavelength of 278 nm.

Ex vivo Skin Permeation and Distribution Studies

The skin permeation of lapachol from selected
microemulsions was investigated ex vivo using porcine ear
skin and a Franz diffusion cell with an effective diffusional
area of 1.15 cm2 and a receiver chamber capacity of 6 mL.
Oleic acid with 0.5% lapachol was used as a control. The full
thickness porcine skin was excised from the ear region, and
hairs were removed using scissors. After preparation, the skin
was stored at − 20 °C prior to use (12). On the day of the
experiment, the skin was brought to room temperature and
mounted between the donor and receiver compartments of a
Franz diffusion cell with the stratum corneum facing the
donor compartment and the dermal side facing the receiver
compartment. The donor compartment was initially empty,
while the receiver chamber was filled with phosphate-buffer
(pH 7.4) containing 3% BRIJ™ O20. The receiver fluid was
stirred with a magnetic rotor at a speed of 300 rpm. The cells
were equilibrated in a water bath at 37 ± 1 °C for 30 min;
300 mg of microemulsion formulation was then placed into
the donor compartment. A 1-mL sample of the receptor fluid
was collected at 2, 4, 6, 8, 12 and 24 h; this was immediately
replaced by fresh solution. All samples were filtered through
a 0.45-μm cellulose acetate membrane and analysed for
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lapachol by HPLC-UV. All experiments were performed in
sextuplicate.

The cumulative amount of lapachol that permeated
through the skin (μg cm−2) was plotted as a function of time
(t) for each formulation. The rate of drug permeation (JSS)
was determined from the slope of the linear portion of the
cumulative drug permeation versus time plot. The
permeability coefficient (Kp) was calculated by dividing JSS
by the initial concentration of drug in the donor cell (Co), as
shown by the following Equation (22):

Kp ¼ JSS=C0

The enhancement ratio (ER) was calculated as the ratio
of flux obtained with microemulsion formulations and control
(oleic acid).

In order to determine the amount of lapachol accumu-
lated by the skin (stratum corneum and viable epidermis/
dermis) 24 h after sample application, the skin was removed,
rinsed with distilled water and then carefully dried using
absorbent paper. The stratum corneum was removed by tape-
stripping; this involved the application and removal of 15
strips of adhesive tape (Durex™, 3 M, Brazil). Methanol
(5 mL) was added to extract the tapes, mixed for 5 min,
sonicated for 30 min and then filtered using a 0.45-μm
cellulose acetate membrane (10). The resulting filtrate was
assayed for lapachol by HPLC-UV. The remaining tissue was
homogenised in 5 mL methanol, sonicated for 30 s, centri-
fuged and filtered prior to analysis of lapachol by HPLC-UV
(10).

Data Analysis

All values are expressed as their mean ± standard
deviation. When comparing multiple groups, one-way or
two-way analysis of variance (ANOVA) was applied with
the Bonferroni multiple comparison procedures, with p < 0.05
as the minimum level of significance.

RESULTS

Screening of Surfactants and Oils

The solubility (mg mL−1) of lapachol in a range of oils, as
well as in different surfactants, is shown in Table I. The
solubility of lapachol was found to be higher in oleic acid
(15.33 ± 2.15 mg mL−1) than in the other oils tested.
Cremophor EL, Tween 20 and PEG 400 produced the
greatest solubilisation of lapachol (30.39 ± 1.95, 42.21 ± 3.11
and 29.48 ± 2.23 mg mL−1, respectively).

Construction of Microemulsion Phase Diagrams

In order to determine the appropriate concentration
ranges for the microemulsion components, pseudoternary
phase diagrams were constructed for different Smix ratios,
namely Cremophor EL/Tween 20 at various ratios. Compar-
ison of these five pseudoternary phase diagrams (Fig. 2)
showed that the largest microemulsion region was observed
using Cremophor EL/Tween 20 at 5:1 w /w. The

microemulsion region expanded with a lower proportion of
Tween 20 (Smix5:1), while this region was smaller in the Smix

1:5 phase diagram. Using this information, four formulations
from the 5:1 Smix pseudo-ternary phase diagram and one
formulation from the Smix 1:5 (ME 1–4 and ME 5, respec-
tively, Table II) were selected for characterisation studies.

Microemulsion Characterisation

The physicochemical parameters of the loaded and
unloaded microemulsions (ME1–5) are shown in Table III.

No birefringence was detected under the cross-polarised
light microscope (not shown) for all drug-loaded formulations
and their blanks counterparts. The electrical conductivity of
the studied samples was relatively high (21.7 to 70.2 μS cm−1).
The pH (4.1 to 4.9) and zeta potential values (− 28.3 to −
33.4 mV), in the presence or absence of lapachol, were
similar.

All of the microemulsions tested exhibited a linear
relationship between shear rate and shear stress (not shown).
The viscosity values (0.68 to 14.74 Pa s−1) tended to increase
as the water concentration increased. Addition of lapachol
caused a slight decrease in viscosity.

Figure 3 shows scattering intensity patterns, I(q) in
function of scattering vector (q) for both lapachol-loaded
and unloaded microemulsions, where broad and wide peaks
centred at different q-values are exhibited.

The thermal behaviour of water in these microemulsion
systems was investigated by DSC and compared with that of
pure doubled-distilled water, as shown in Fig. 4. Upon
cooling, pure water showed an exothermic peak at approxi-
mately − 22 °C. Similar peaks were observed in the ME 1
(35.6% water) and ME 3 (38.0% water) formulations at
about − 31 and − 27 °C, respectively. However, water freezing
was not observed in the ME 2, ME 4 or ME 5 formulations.

Solubility of Lapachol in Microemulsions

Table IV shows lapachol solubility and saturation level in
each microemulsion. Although there were significant differ-
ences in lapachol solubility in the individual components
(Table I), there were no significant differences in the

Table I. Solubility of Lapachol in Oils and Surfactants at 25 ± 1 °C

Components Solubility
(mg mL−1)a

Surfactants
Cremophor EL 30.39 ± 1.95
Tween 20 42.21 ± 3.11
PEG 400 29.48 ± 2.23
Span 80 11.80 ± 1.15
Plurol Oleique 4.23 ± 0.86
Oils
Isopropyl myristate 8.55 ± 1.04
Oleic acid 15.33 ± 2.35
Olive oil 6.63 ± 0.84
Babaçu oil 10.50 ± 1.64

aMean ± standard deviation, n = 3
PEG 400 polyethylene glycol-400
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formulations (ME 1–4), except ME 5 which showed greater
lapachol solubilisation.

Ex vivo Skin Permeation and Distribution Studies

Lapachol was delivered more effectively by the studied
microemulsions than by oleic acid, as shown in Fig. 5. The
values of a range of percutaneous parameters are presented
in Table V. The permeation profiles followed Fick’s diffusion
law, with a steady time-dependent increase in the concentra-
tion of lapachol in the receiver. The microemulsions produced
indistinguishable permeation rates at early time-points (≤ 6 h
after sample application), although differences were evident
at later time-points. Remarkably, ME1–4 delivered very
similar cumulative amounts of lapachol, while ME 5 delivered
significantly less lapachol. However, ME 5 did deliver
significantly more lapachol than the oleic acid solution.

The results of the present study indicated that delivery
using ME 1 produced greater skin accumulation of lapachol

in the epidermis+dermis than did delivery by the other MEs
and the control. The values of Kp were higher for ME 3 and
ME 4 than for other formulations. The enhancement ratios
of the five microemulsions were 2.3–3.5-fold higher than
that of the control.

Fig. 2. Pseudoternary phase diagrams of the microemulsion region of oleic acid (oil
phase), Cremophor EL and Tween 20 (surfactants in the Smix), and water (aqueous
phase) at different Smix ratios

Table II. Compositions of Selected Lapachol Microemulsion
Formulations

Components ME 1 ME 2 ME 3 ME 4 ME 5

Cremophor 27.1 41.6 41.6 28.75 8.4
Tween 20 5.4 8.4 8.4 5.75 41.6
Oleic Acid 31.9 24.5 12.0 12.0 24.5
Lapachol 0.16 0.12 0.06 0.06 0.12
Water 35.6 25.5 38 53.5 25.5

Data are provided as % (w/w)
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DISCUSSION

The physicochemical properties of the intended drug
should be considered during the development of
microemulsion formulations. Lipophilic drugs are encapsu-
lated (mostly) in the oil phase of oil/water (o/w)
microemulsions, whereas hydrophilic drugs are encapsulated
(mostly) in the aqueous phase of w/o microemulsions. The
solubility of lipophilic drugs in the oil phase and of
hydrophilic drugs in the aqueous phase is, therefore, an
important criterion informing the selection of these phases
(12). Lapachol is a lipophilic drug and we, therefore, analysed
its solubility in a range of oils, as well as in different
surfactants (Table I). The solubility of lapachol was found to
be higher in oleic acid (15.33 ± 2.15 mg mL−1) than in the
other oils tested. Oleic acid is considered to be non-irritating
to the skin because it does not denature proteins (23).
Moreover, it is widely used as a permeation enhancer,
probably by destabilising skin lipids (24). Therefore, oleic
acid was selected as the oil phase for the development of an
optimised o/w microemulsion formulation for transdermal
lapachol delivery.

The most critical problem in the development of
microemulsion-based drug delivery systems is the toxicity of
the surfactants. From the five nonionic surfactants tested in
this work (Table I), three were selected for further analysis:
Cremophor EL, Tween 20 and PEG 400, with hydrophilic-
lipophilic balance (HLB) values of 14.0, 11.6 and 16.7,
respectively. The surfactant HLB value is important because
low-HLB surfactants are favoured for the formulation of w/o
microemulsions, whereas high-HLB surfactants (such as those
chosen in this study) are preferred for the formation of o/w
microemulsions (25,26). As Cremophor EL and Tween 20
solubilised the most lapachol, they were selected for the
development of a suitable o/w microemulsion.

It is known that large amounts of surfactant may cause
skin irritation. It is therefore important to determine the
surfactant concentration properly and to use the minimum
concentration required for the development of the
microemulsion formulation (12). The surfactants chosen in
this work are generally regarded as having low toxicity and
skin irritancy and, therefore, considered to be acceptable for
transdermal administration.

Surfactants present in the microemulsions may cause
increased membrane fluidity by solubilisation or extraction of
lipids present in the stratum corneum and alter tight junction
properties (27), leading to increased permeation. However, it

Table III. Characteristics of Microemulsion Formulations

Electrical conductivity (μS cm−1)a pHa Zeta potential (mV)a Viscosity (Pa s−1)

Unloaded Loaded Unloaded Loaded Unloaded Loaded Unloaded Loaded

ME 1 60.4 ± 0.2 41.9 ± 0.1 4.6 ± 0.1 4.2 ± 0.1 − 34.6 ± 0.4 − 30.3 ± 0.5 6.95 ± 1.43 5.91 ± 1.67
ME 2 65.3 ± 0.3 35.1 ± 0.2 4.9 ± 0.1 4.6 ± 0.1 − 28.8 ± 0.4 − 28.3 ± 0.7 3.93 ± 0.97 2.26 ± 0.56
ME 3 53.0 ± 0.2 41.2 ± 0.1 4.5 ± 0.1 4.1 ± 0.1 − 30.7 ± 0.5 − 31.1 ± 0.4 8.98 ± 1.17 6.60 ± 1.65
ME 4 70.2 ± 0.4 48.6 ± 0.2 4.3 ± 0.1 4.1 ± 0.1 − 29.7 ± 0.4 − 29.6 ± 0.7 14.74 ± 2.98 12.72 ± 2.74
ME 5 52.6 ± 0.1 21.7 ± 0.1 4.9 ± 0.1 4.4 ± 0.1 − 32.9 ± 0.3 − 33.4 ± 0.4 0.71 ± 0.22 0.68 ± 0.29

aMean ± standard deviation, n = 3

Fig. 3. Scattering intensity patterns I(q) in function of scattering
vector (q) for microemulsions (ME 1–5, as described in Table II)
without (unloaded) and with (loaded) added lapachol
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is widely accepted that the type of microemulsion employed is
also an important determinant of drug delivery, because its
internal structure, composition, droplet size and viscosity can
influence the process of drug release (28).

All the formulations were prepared with and without
lapachol and remained clear and without the presence of
sediments. Examination of those formulations using cross-
polarised light microscopy (not shown) presented no bire-
fringence; this indicated that they showed the same optical
properties in all directions, as would be expected from
microemulsions (29). Incorporation of lapachol into those
systems did not change their isotropic behaviour, confirming
the continuity of the microemulsion system.

Electrical conductivity measurements confirmed that we
had generated o/w microemulsions, which have relatively
high electrical conductivity (~ 10–100 μS cm−1), and not w/o
microemulsions, where electrical conductivity tends to be <
10 μS cm−1 (30). The electrical conductivity of the loaded
microemulsions (21.7–65.3 μS cm−1) reflected the acidity of
lapachol, which has a pKa of 6.15 (31). When dispersed in a
medium with a pH that is lower than its pKa, it tends to
remain in the unionised form and interacts with the aqueous
phase; this reduces the electrical conductivity, as can be seen
in the data in Table III.

The pH of the microemulsions ranged from 4.1 to 4.9
(Table III). A higher water content increases the ionisation of
oleic acid; this releases more protons into the solution and
thereby reduces the pH (28). It is evident from Table III that
all of the microemulsion systems were within the acceptable
physiologic pH range for dermal preparations (pH 4.0–7.0)
(32). Measurement of zeta potential provides information
about the surface charge properties and the long-term
physical stability of the microemulsions (33). The zeta
potential required for purely electrostatic stabilisation of
colloidal particles is typically ± 25–30 mV (34). The zeta
potential values of these formulations (− 28.3 to − 33.4 mV)
suggested that all systems are physically stable.

The viscosity of a microemulsion is determined by the
levels and types of surfactant(s), oil(s) and water present (28).
All of the microemulsions tested exhibited a linear relation-
ship between shear rate and shear stress (not shown),
indicating the Newtonian fluid properties of microemulsions
(14,35). The viscosity values tended to increase as the water

concentration increased. This might reflect interactions be-
tween the microemulsion droplets in these o/w systems. It has
been found that the hydrophilic chains of non-ionic surfac-
tants are expected to be strongly hydrated and connected via
hydrogen bonds, allowing interaction between the droplets
(36–38). The addition of lapachol caused a slight decrease in
viscosity (Table III). This may reflect an inhibition of strong
attractive forces (39) by lapachol, due to its lipophilic nature.

Characteristic microemulsion curves were obtained from
the SAXS scatterings, which confirm the results of cross-
polarised light microscopy. We can also observe that the
maximum of the peaks are shifted to higher q-values as the
surfactants amount increases (Cremophor and Tween
blended). From the relationship q = 2π/d, this increase in the
q-values is due to decrease of distance d between scattering
objects domains attributed to differences in the scattering
length density (SLD) between polar and apolar domains
(droplet size) of microemulsions, in the case of this study.
With increasing surfactant blend content, the position of the
peaks shifts toward larger q-values indicating a decrease in
the droplet size. These results are consistent since surfactants
used in the preparation of the microemulsions reduced the
interfacial tension and consequently droplet size. Other
authors (40,41) have reported similar findings in relation to
the microstructural properties of non-ionic microemulsions.
The addition of lapachol promotes the increase of droplet size
since a shift toward lower q-values is observed. This
behaviour is enhanced for ME 3, ME 4 and ME 5 probably

Fig. 4. Differential scanning calorimetry (DSC) cooling curves (plotted as exothermic heat flow as a function of
temperature) of pure water and of the indicated microemulsions (ME 1–5, as described in Table II)

Table IV. Solubility of Lapachol in the Microemulsions at 25 ± 1 °C

Formulation Concentration of
the drug dissolved
in the formulation
(mg mL−1)

Solubility of the
drug in the
formulation
(mg mL−1)a

Saturation
level (%)a

ME 1 1.6 8.11 ± 2.35 19.94 ± 2.56
ME 2 1.2 7.10 ± 0.41 16.94 ± 0.98
ME 3 0.6 6.55 ± 0.41 9.19 ± 0.60
ME 4 0.6 6.53 ± 0.49 9.22 ± 0.71
ME 5 1.2 13.95 ± 5.63 9.55 ± 3.60

aMean ± standard deviation, n = 3
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due to the increased volume of the oily internal phase by
lapachol which is lipophilic.

Investigating the thermal behaviour of water provides a
rapid approach to understanding the microstructure of
microemulsions (13). The water can be either bound or free,
depending on its state within the microemulsion system, and
DSC detects the resultant differences in its melting point and
freezing behaviour (38).

The exothermic peak at approximately − 22 °C showed in
the pure water indicates its freezing point in the absence of any
interactions with other molecules (42). Comparable peaks were
observed in the ME 1 and ME 3 (at − 31 and − 27 °C,
respectively). However, the reduced freezing temperatures (as
compared to pure water) show some interactions with other
molecules (partial miscibility of water and surfactants). Inter-
estingly, water freezing was not observed in the ME 2, ME 3 or
ME 5 formulations. Those microemulsions contained less water
and more surfactant, leading to more strongly bound water
molecules being required to hydrate the polar head groups (14).

Although there were significant differences in lapachol
solubility in the individual components (Table I), there were
no significant differences in lapachol solubility in ME 1, 2, 4
and 3. ME 5 showed greater lapachol solubilisation, indicat-
ing that the proportion of Smix had more influence than the
microemulsion structure (43). ME 1 and ME 2 showed a

greater saturation level when compared with the other
formulations; that said, we would expect that these two
formulations (1 and 2) would show a greater permeation
due to the higher thermodynamic activity.

In this ex vivo system, lapachol was delivered more
effectively by these microemulsions than by oleic acid, as shown
in Fig. 5. Although oleic acid is widely used as a penetration
enhancer in topical dermatological preparations, either alone or
in combination with other penetration enhancers (44), the
microemulsion systems showed better performance in this study.

The cumulative amount of lapachol that permeated
through the skin from all of the microemulsions tested was
significantly greater than the amount delivered by the control,
indicating that the permeation of lapachol was markedly
influenced by these formulations. In addition, the enhancement
ratios demonstrate that microemulsions can potently enhance
transdermal delivery. Amongst the five microemulsion formu-
lations investigated in this work, ME 5 had the lowest amount of
lapachol permeated. As can be seen in Table IV, lapachol had a
greater solubility in ME 5. In general, saturated solutions show
the highest thermodynamic activity, which is well-known as a
driving force for drug release and penetration into the skin (33).
However, the saturation level of the ME 5 was similar to ME 3
andME 4 showing that this was not the predominant parameter
in the skin permeation of the drug.

Fig. 5. Ex vivo skin permeation profile of lapachol delivered using the indicated
microemulsions (ME1–5, as described in Table II) or oleic acid solution

Table V. Microemulsion Permeability Parameters

ME 1 ME 2 ME 3 ME 4 ME 5 Oleic acid

Q24 (μg cm−2)a 4.71 ± 0.44b 4.87 ± 0.72b 4.58 ± 0.30b 4.13 ± 0.54b 3.83 ± 0.48b 1.27 ± 0.60
Enhancement ratio 3.3 3.5 2.8 3.2 2.3 –
Jss (μg cm−2 h−1)a 0.20 ± 0.05b 0.21 ± 0.05b 0.17 ± 0.07b 0.19 ± 0.08b 0.14 ± 0.03 0.06 ± 0.03
Kp (cm h−1)a× 10−5 12.79 ± 3.38 17.77 ± 3.83b 28.85 ± 12.02b 31.83 ± 14.08b 11.55 ± 3.24 1.13 ± 0.54
QSC (μg cm−2)a 1.60 ± 0.36 1.77 ± 0.41 1.58 ± 0.54 1.80 ± 0.54 1.01 ± 0.07 1.08 ± 0.39
QED (μg cm−2)a 5.35 ± 1.29b 4.62 ± 1.61 2.36 ± 0.52 3.13 ± 1.17 2.08 ± 0.69 3.17 ± 0.46

aMean ± standard deviation, n = 6
b p < 0.05, when compared with control (oleic acid)
Q24 cumulative amount of lapachol that had permeated through the skin, 24 h after sample application; Jss rate of drug permeation; Kp
permeability coefficient; QSC amount of lapachol accumulated in the stratum corneum, 24 h after sample application; QED amount of lapachol
accumulated in the viable epidermis + dermis, 24 h after sample application
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The results of the present study indicated that, even though
ME 1 has the lowest surfactant concentration, it has produced
greater skin (epidermis+dermis) accumulation of lapachol than
did delivery using the other formulations. As dermis is a
hydrophilic layer irrigated by the blood circulation, any substance
reaching it can pass into the systemic circulation. The lack of
blood flow in ex vivo experimentsmeans that the dermis creates a
barrier to diffusion for these compounds that might not exist in
the native in vivo setting. Therefore, during permeation studies, it
is important to also take into account the amount of drug which
stays accumulated in the dermis compartment. This information
may shed light on the more realistic amount of drug which would
reach the blood circulation in vivo.

The values of Jss were higher for ME 1, ME 2 and ME 5
than for ME 3 and ME 4. High Jss can create higher drug
concentration within the upper layers of the skin and may
also reflect the entry of formulation components into the
bloodstream through the skin as penetration enhancers. In
each formulation, all components could act as penetration
enhancers with different mechanisms of action (13).

On the other hand, the values of Kp were higher for ME 3
and ME 4. Formulation 5 presented the lowest permeation
performance amongst the microemulsions tested. The solubility
of the drug in the formulation and proportion of the surfactant
seems to have influenced the formulations directly and propor-
tionately. However, saturation level and viscosity showed not to
effect the permeation parameters of the drug.ME 5 that showed
the lowest viscosity and highest solubility of the drug in the
formulation presented lower Q24 and Kp. In general, the lower
the viscosity, the greater the release of drug.

CONCLUSION

This study showed that systems containing Cremophor
EL, Tween 20, oleic acid and water were able to form
microemulsions. ME 1 presented lowest surfactant concen-
trations and high Jss and epidermis+dermis accumulation, and
this formulation showed to be the best transdermal formula-
tion amongst the formulations tested. Further work is
required to determine whether this formulation is clinically
effective while minimising skin irritation.
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