
Transdermal drug delivery has many advantages over

other administration routes: for example, avoidance of he-

patic metabolism, convenient administration for the patient,

and easy withdrawal of treatment if necessary. Despite exten-

sive studies of transdermal drug delivery, only a few drug

formulations are commercially available.1) One of the rea-

sons for this is the permeation barrier by the stratum

corneum to exogenous substances. Skin penetration enhance-

ment can be chieved using appropriate physical and chemical

means to overcome the skin’s barrier function. Chemical pen-

etration enhancers such as fatty acids, fatty esters, surfac-

tants, and terpenes have received considerable attention due

to their low cost, ease of use, safety, and efficacy.2) Terpenes

are lipophilic ingredients of essential oils which can disturb

intracellular lipids and increase the fluidization of the stra-

tum corneum, thereby enhancing drug penetration.3) Euca-

lyptus oil (eucalyptol, a terpene from trees) was adopted as

the oil phase to design transdermal vehicles for various drugs

including estradiol, progesterone, cyproterone acetate, finas-

teride, and hydrocortisone.4,5) Investigations of microemul-

sions composed by eucalyptus/peppermint oil and water were

reported to have many potential applications.6,7) Lipid-based

systems such as microemulsions, nanoemulsions, solid lipid

nanoparticles, and liposomes were recently applied to trans-

dermal drug delivery.8) Microemulsions are single phase, op-

tically isotropic nano-structured solutions composed of a sur-

factant, cosurfactant, oil, and water. The ability of mi-

croemulsions to deliver drugs through a transdermal route in

a controlled manner was recently reviewed.9) Advantages of

microemulsion delivery systems include spontaneous forma-

tion, easy preparation, low viscosity, high surface area, high

drug solubilization, optical transparency, and thermodynamic

stability.10) Microemulsions were applied to deliver different

lipophilic drugs including fluconazole,11) penciclovir,12)

quercetin,13) diclofenac,14) and progesterone15) through the

transdermal route. Those in vitro and in vivo studies demon-

strated that lipophilic drugs incorporated into microemul-

sions can efficiently penetrate the skin.

Curcumin and curcuminoids are yellow polyphenolic com-

pounds extracted from the spice turmeric (Curcuma longa).

Recent studies demonstrated that curcumin has the potential

to protect skin by reducing inflammation through nuclear

factor (NF)-kB inhibition and to reduce wound-healing time

by improving collagen deposition.16) Curcumin can regener-

ate muscle cells after traumatic injury by modulating NF-kB

activity within muscle tissues. Additionally, the use of cur-

cumin for the chemoprevention and treatment of various skin

diseases like scleroderma, psoriasis, and skin cancer was re-

viewed.16) Patel et al. demonstrated that curcumin-containing

films have good anti-inflammatory activity against car-

rageenan-induced edema in rats similar to a standard formu-

lation through the transdermal route.17) Those studies sug-

gested the beneficial effects of curcumin for treating skin and

muscle diseases. Additionally, the poor bioavailability of cur-

cumin through the oral route was reported.18—20) Although

topical curcumin delivery for treating skin and muscle disor-

ders is promising, little work has focused on researching cur-

cumin’s transdermal delivery using a terpene microemulsion

system. Using terpene microemulsion vehicles, curcuminoids

can be solubilized to attain a high concentration gradient for

transdermal delivery. At the same time, terpene can act as an

enhancer to accelerate the dermal administration of cur-

cumin. The aim of this study was to characterize eucalyptol

microemulsions and evaluate their permeation characteristics

with curcumin across porcine skin. Pseudo-ternary phase 

diagrams were used to investigate the constituents of oils,

surfactants, and cosurfactants in stable microemulsions. 

The transdermal flux, permeability coefficient, and curcumin
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retained in the skin were evaluated using neonate pig skin

mounted on a Franz diffusion cell. The fluorescence of cur-

cumin was used to trace its transdermal route using confocal

microscopy. Finally, the effects of the drug payload and water

ratios on the physicochemical characteristics of the mi-

croemulsions were studied to understand the relation be-

tween transdermal delivery efficiency and the formulation.

Experimental

Materials Eucalyptol and ethanol were obtained from Sigma Chemical

(St. Louis, MO, U.S.A.). Propylene glycol, isopropanol, and tetrahydrofuran

were from Echo Chemicals (Taipei, Taiwan). Curcumin was procured from

Masterasia (Taipei, Taiwan). Polysorbate (Tween) 20, 40, 60, 80, 85 were

purchased from IL-Shin Emulsifier (Seoul, Korea). All reagents were used

without further purification. The water used in this study was freshly puri-

fied by the Milli-Q Gradient A10 system (Millipore, Molsheim, France).

Construction of the Pseudoternary Phase Diagrams Eucalyptol,

polysorbate 80, and ethanol were selected as the oily phase, surfactant, and

cosurfactant, respectively. Surfactant/cosurfactant mixtures were tested at a

ratio of 1 : 1 (w/w). The pseudoternary phase diagrams were constructed

using the water titration method at room temperature.5) For each phase dia-

gram, mixtures of oil and surfactant or surfactant/cosurfactant mixtures were

prepared at weight ratios of 0.5 : 9.5, 1 : 9, 1.5 : 8.5, 2 : 8, 2.5 : 7.5, 3 : 7,

3.5 : 6.5, 4 : 6, 5 : 5, 6 : 4, 7 : 3, 8 : 2, and 9 : 1. These mixtures were titrated

drop-wise with water under gentle magnetic stirring. After being equili-

brated, the systems were visually characterized. Single-phase, transparent

mixtures were designated microemulsions.

Preparation and Characterization of Microemulsions Microemul-

sions were prepared by mixing the oil with the surfactant or surfactant/co-

surfactant mixture before adding the required amount of water under mag-

netic stirring. Curcumin (0.4 wt%) was then added to the prepared mi-

croemulsion. No phase change was noted after addition of the drug or after

equilibration in the water bath. The flow properties and viscosity of the for-

mulations were determined at 32�1 °C. Viscosity determinations employed

a Brookfield viscometer (DV II�, Brookfield Engineering Laboratories,

Stoughton, MA, U.S.A.). The pH and conductivity of the microemulsions

were measured with a pH meter (WTW, Inolab 720, Burladingen, Germany)

and conductivity meter (Con 500, Eutech Instruments, Singapore). Interfa-

cial tension measurements were carried out at room temperature using a thin

platinum plate attached to a transducer amplifier (Kyowa CBVP-A3,

Saitama, Japan). During the measurement, the plate is dipped into the test

microemulsions. The tensiometer measures the pulling force of the liquid on

the plate and calculates the interfacial tension by dividing by the known

plate size. The average particle size was characterized using a Zetasizer

Nano ZS 90 (Malvern, Worcestershine, U.K.) at a fixed angle of 90° and a

temperature of 25 °C. Microemulsion samples were measured without dilu-

tion with water due to the immiscible property of the microemulsion and

water.

In Vitro Drug Release Full-thickness skin from the porcine ear is a

generally accepted model of permeation for human dermatological research.

Researchers use pig ear skin for in vitro transdermal diffusion experi-

ments.21,22) In this study, the skin of the outside of the ears of corpses of

new-born piglets was used to study the permeation of curcumin in a Franz

diffusion assembly. The skin was peeled from the underlying cartilage after

cutting along the tips of the ears. The ear skin was mounted between the

donor and receptor compartments with the stratum corneum side facing the

donor compartment. The donor medium consisted of 0.5 ml of vehicle con-

taining curcumin. The receptor medium (5.5 ml) was obtained by mixing

1 : 1 ethanol and pH 7.4 phosphate-buffered saline (PBS) in order to main-

tain sink conditions. Similar solution was successfully applied to monitor the

skin delivery of steroidal drugs from microemulsions.23) Other studies also

employed 40% propylene glycol solution as the receptor solution.5) The

available diffusion area between the cells was 0.785 cm2. The stirring rate

and temperature were respectively kept at 600 rpm and 32 °C. At appropriate

intervals, all of the receptor medium was withdrawn and immediately re-

placed with equal volumes of fresh buffer. The permeated amount of cur-

cumin was determined by high-performance liquid chromatography

(HPLC). The curcumin retained in the skin was measured after the perme-

ation experiment (24 h). The skin was washed three times using a cotton

cloth containing ethanol. A skin sample with the 0.785 cm2 permeated area

was cut, weighed, and then homogenized in a 50% ethanol solution. The re-

sulting solution was centrifuged, and the surpernatant was analyzed by

HPLC. The permeated skin (0.785 cm2) was equivalent to 0.042�0.008 mg

(n�10).

Curcumin Analysis Quantification of curcumin was achieved using an

HPLC system (Jasco, Tokyo, Japan) consisting of a pump, a UV detector,

and a Microsorb-C18 column (Varian, Lake Forest, CA, U.S.A.). The mobile

phase consisted of a 1% (w/v) citric acid solution, adjusted to pH 3.0 using a

45% (w/v) potassium hydroxide solution, and tetrahydrofuran in the ratio of

50 : 50 (v : v). The flow rate of the mobile phase was 1.0 ml/min. The column

effluent was monitored at 430 nm, and the chromatographic data analysis

was performed with the Borwin Program (vers. 1.5, Jasco).

Curcumin Solubility We screened oil, cosolvent, and surfactant with a

good solubilizing capacity for curcumin which can also be used as the com-

ponent in microemulsions. The solubilities of curcumin in various vehicles

were measured in the following procedure. An excess amount of curcumin

was added to 5 ml of each selected vehicle, and stirred at 25 °C for 14 h. The

suspensions were centrifuged at 10000 rpm for 3 min, and curcumin solubil-

ity in the supernatant determined using an HPLC method, following appro-

priate dilution with the mobile phase.

Data Analysis Cumulative amounts of curcumin permeated with time

were used to calculate the transdermal drug flux, which was obtained from

the slope of the regression line fitted to the linear portion of the profile. Stu-

dent’s t-test was used for the statistical analysis. A 0.05 level of significance

(p�0.05) was considered significant. The skin flux can be experimentally

determined from the following equation23):

J�(dQ/dt)/A

where J is the steady-state flux (mg/cm2/h), A is the diffusion area of skin

tissue (cm2) through which drug permeation takes place, and dQ/dt is the

amount of drug passing through the skin per unit time at a steady-state

(mg/h). The cumulative amount of curcumin permeating through the rat skin

was plotted as a function of time. The permeation rate of curcumin through

piglet ear skin was calculated from the slope of the linear portion of the plot.

The intercept of the extrapolated linear region with the x-axis gave the lag

time. Enhancement ratio (Er) was calculated by dividing the flux of respec-

tive formulation with flux of control (pure eucalyptol). The following equa-

tion was used to calculate the permeability coefficient (Kp):

Kp�J/Co

where Kp has the units of cm/h, and Co represents the drug concentration.

Histological Examination of Skin Specimens Porcine skin samples

were treated with PBS and optimized microemulsion (ME4) respectively for

24 h on a Franz diffusion cell. Thereafter, skin samples were fixed in PBS

solution containing 10% formalin. Skin was cut vertically, dehydrated using

ethanol, embedded in paraffin, and stained with hematoxylin and eosin

(H&E) staining. These samples were then observed under light microscope

(Olympus BX51, Tokyo, Japan) using 40� magnification. For confocal laser

scanning microscopy observation, the skin was removed from the diffusion

cell, rinsed with 50% ethanol and then the surface of the skin was wiped

gently. The skin was directly sandwiched between a glass slide and a cover-

slip in a 1 : 1 solution of PBS-glycerol, and examined confocal microscopy

without additional tissue processing. We used a Leica TCS SP2 confocal

laser scanning microscope (Leica, Heerbrugg, Switzerland). The fluores-

cence of curcumin was excited at a wavelength of 420 nm by means of an

argon laser. The skin sample was scanned from the skin surface (0 mm) to a

depth of 162 mm at a 9.7-mm interval.

Results

Effects of Oils, Surfactants, and Cosurfactants on the

Solubility of Curcumin Since the transdermal transport of

a drug involves interactions among solubility, partition, and

diffusion processes, in the present study relationships be-

tween the vehicle composition and curcumin solubility were

investigated. The solubility of curcumin in various oils, sur-

factants, and cosurfactants was studied in order to determine

the optimal components for a transdermal delivery vehicle.

The solubility, flux, and permeability coefficient are shown in

Table 1. Different oils including oleic acid (a fatty acid), es-

tasan (a triglyceride), and eucalyptol (a terpene) were evalu-

ated. Among the tested oils, curcumin in eucalyptol had the
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best skin permeability and solubility. In addition to the oil

phase, a cosolvent and surfactant were also used to create the

microemulsion. The cosolvents tested in this study included

the short-chain alcohols of ethanol, isopropanol, and propy-

lene glycol which are relatively tolerated by the skin.5)

Ethanol had the best transdermal curcumin flux and solubil-

ity as it was used as the cosolvent. Polysorbates are one of

the most popular non-ionic surfactants used in the pharma-

ceutical industry.24) Interestingly, curcumin was highly solu-

ble in the tested polysorbates compared to oil and solvent.

However, the transdermal flux of curcumin in surfactants was

not detectable among the four surfactants. Polysorbate 80

had the highest curcumin solubility at a level of about

20 wt%. The development of transdermal vehicles with high

curcumin solubility has many advantages. One of the most

important is that increasing the drug solubility by lipid-based

formulations can enhance drug absorption.25) Therefore eu-

calyptol, polysorbate 80, and ethanol, which exhibited better

curcumin solubility, were combined to develop a microemul-

sion formulation. The phase behavior of microemulsions

composed of four ingredients was investigated using pseudo-

ternary phase diagrams with the water titration method at

room temperature. Pseudo-ternary phase diagrams are fre-

quently used to obtain concentration ranges of the oil, surfac-

tant, and cosurfactant for clear microemulsion formation.26)

The polysorbate 80/ethanol ratios in the microemulsions

were fixed at 1 : 1, 1 : 2, and 1 : 3. Figure 1 exhibits the phase

diagrams composed of water, surfactant (polysorbate 80), co-

surfactant (ethanol), and eucalyptol. In the triglyceride mi-

croemulsions, polysorbate/ethanol ratios significantly af-

fected the phase behavior of the microemulsions.27) However,

the polysorbate 80/ethanol ratios tested in this study did not

efficiently affect the transparent region formed in the phase

diagrams (Fig. 1). About 36% of the total area of the phase

diagram was a transparent region independent of the surfac-

tant/cosurfactant ratios. A stable microemulsion was formed

when the contents of polysorbate 80 and ethanol were more

than 40% as indicated by our pseudo-ternary phase dia-

grams. A milky colloid solution (non-microemulsion zone,

NME) appeared for the tested terpenes when the concentra-

tion of polysorbate 80/ethanol exceeded 38 wt%. Eucalyptol

emulsions within this area were not stable, and phase separa-

tion occurred when mixing stopped. Microemulsions have

advantages as delivery vehicles such as high drug solubility,

optical transparency, and thermodynamic stability.28) Re-

cently, oil/water ratios were found to be important for the sta-

bility of microemulsion systems prepared from water, iso-

propyl myristate, Tween 40, and Imwitor 308.29) Formula-

tions with various eucalyptol/water ratios were evaluated to

study their effects on curcumin delivery in the next section.

Effects of Eucalyptol/Water Ratios on Transdermal

Curcumin Delivery When the concentrations of polysor-

bate 80/ethanol exceeded 40 wt%, eucalyptol formed a stable

microemulsion. In order to investigate the delivery effects of

the eucalyptol/water fraction, the detailed characterization

and delivery of seven potential vehicles (compositions re-

ferred to as formulations ME1—ME7 in Table 2) were evalu-

ated. The formulations were selected so that all of them con-

tained the same concentrations of polysorbate 80 and ethanol

(12.5, 37.5% respectively) with the remaining 50% being eu-

calyptol and water. This selection allowed us to investigate

the effects of the eucalyptol and water contents on the mi-

croemulsion characteristics and curcumin skin delivery from

the microemulsions. Furthermore, 0.4 wt% curcumin was si-

multaneously added to the microemulsions to evaluate their

potential for dermal delivery. Curcumin retention in the skin

was slightly affected by the eucalyptol/water ratios in the mi-

croemulsions (Fig. 2). The microemulsion containing 25%

water and 25% eucalyptol showed the highest curcumin re-

tention in the skin (Table 2). Lipid extraction and osmotic ex-

pansion by the microemulsion may account for the increased

drug retention in the skin.23) Importantly, transdermal cur-

cumin permeation of the test microemulsions was also af-

fected by the eucalyptol/water ratios. The microemulsion

containing 25% water and 25% eucalyptol had the best deliv-

ery efficiency, followed by the microemulsion containing

20% water and 30% eucalyptol. For transdermal delivery to

take place, the drug encapsulated in the vehicles has to be re-

leased from the microemulsion, partitioned into the skin, and

then diffused into the receptor solution. The results of cur-

cumin retained in the skin indicated that the skin plays a role

as a reservoir for curcumin, which then sequentially diffuses
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Fig. 1. The Pseudo-Ternary Phase Diagrams of Microemulsion Composed

of Oils, Polysorbate80/Ethanol, and Water

ME represents the microemulsion region. NME stands for the non-microemulsion re-

gion.

Table 1. Effects of Ingredients on the Curcumin Solubility, Permeability,

and Fluxa)

Saturated solubility Permeability Flux

Components of curcumin coefficient

(mg/l) (cm/h) (mg/cm2 h)

Oil

Oleic acid 90 0 0

Eucalyptol 1090 3.39�0.64 0.37�0.07

Estasan 400 0 0

Surfactants

Polysorbate 20 105000 0 0

Polysorbate 40 82000 0 0

Polysorbate 80 208000 0 0

Polysorbate 85 34000 0 0

Co-surfactants

Ethanol 4524 0.27�0.18 0.12�0.08

Isopropanol 1372 0.22�0.29 0.03�0.04

Propylene glycol 1863 0 0

Water 7 0 0

a) Permeability and flux are measured by using the diffusion cells in the 24-h peroid.



into deeper tissues. It is important to note that the mi-

croemulsion containing 25% water and 25% eucalyptol

achieved about 30-fold higher curcumin flux than that with a

lower water content (10%) and higher water content (40%).

The increased water content may have enhanced the transder-

mal curcumin delivery before it reached 25%. However, the

rate of transdermal curcumin delivery dropped when the

water content exceeded 30%. The appropriate amount of

water in the microemulsion may have hydrated proteins in

the stratum corneum and caused a disordering of the lipid bi-

layers in corneous cells.30) Therefore, the cumulative cur-

cumin permeation of microemulsions containing 25% water

was improved compared to the other microemulsions. In ad-

dition, the lag time is a permeation parameter that mainly de-

pends on the diffusivity of the drug through the skin.5) There

were no significant differences in lag times among the six

microemulsions indicating that the procedure of curcumin re-

lease from the microemulsions was not the limiting step (Fig.

3). The detailed results of curcumin retention in the skin and

permeation flux for the microemulsions tested are summa-

rized in Table 2. The fastest curcumin permeation rate was

found in microemulsion ME4 (containing 25% water, 25%

eucalyptol, 37.5% ethanol, and 12.5% polysorbate 80), which

was 15.7-fold higher than that of eucalyptol alone. In order

to explain their influences on the transdermal delivery effi-

ciency, the effects of eucalyptol/water ratios on the physico-

chemical properties of microemulsions were studied. The

conductivity and viscosity of the microemulsions were used

to describe the colloidal microstructure of the selected for-

mulations. In addition, the drug was reported to affect the

microstructure of the delivery vehicles when added to the

emulsions.31) The conductivity, viscosity, size, and surface

tension of both unloaded and curcumin-loaded micro-

emulsions were studied in order to explain why the eucalyp-

tol/water content affected the efficacy of curcumin dermal

delivery. The conductivity and viscosity of the unloaded and

curcumin-loaded microemulsions are presented in Fig. 4.

The conductivity of the microemulsions with increasing

water content followed a bell-shaped curve, a phenomenon

known as the percolation transition indicating that the system

changed from isolated oil droplets to an interconnected bi-

continuous structure, and finally to isolated water

droplets.29,31) In this study, the conductivity of the mi-

croemulsions increased from 12 to 30 mS/cm when the water

content increased from 10 to 40%. No percolation transition

was observed in the eucalyptol-containing microemulsions,

indicating that the system consisted of segregated water par-

ticles in a continuous oil phase. The increased conductivity

levels can be explained by the dilution of the water/oil mi-

croemulsion with the added water which increased the con-

centration of the dispersed water droplets. One of the most

special and useful properties of microemulsions is the typi-

cally low interfacial tension at liquid–liquid interfaces. The

incorporation of curcumin slightly decreased the conductiv-

ity of the microemulsions. Furthermore, the interfacial ten-

sion of the six formulations slightly increased from 26 to

28 mN/m with an increase in the water content (Fig. 4).

Therefore, the interfacial tension was not the major factor de-

termining the transdermal flux because the interfacial tension
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Fig. 2. Effects of Oil/Water Concentration on Curcumin Permeated and

Retained in the Excised Pig Ear Skin with Fixed Water (10%) and Polysor-

bate 80/Ethanol Ratio (1 : 1)

The error bar stands for S.D. (n�3).

Table 2. Compositions and Characteristics of the Microemulsions for Curcumina)

No. Eucalyptol Water
Curcumin in skin Flux Kp Enhancement 

(mg/mg) (mg/cm2 h) (�104cm/h) ratio

ME1 40 10 0.53�0.18 0.17�0.03* 0.43�0.07 0.5

ME2 35 15 0.56�0.11 1.44�1.15 3.61�2.88 3.9

ME3 30 20 0.69�0.08 2.20�0.06* 5.49�0.15 5.9

ME4 25 25 0.73�0.17 5.81�0.64* 14.54�1.60 15.7

ME5 20 30 0.72�0.06 1.59�0.03* 3.97�0.06 4.3

ME6 15 35 0.69�0.09 1.45�0.56* 3.64�1.41 3.9

ME7 10 40 0.59�0.19 0.05�0.01 0.13�0.03 0.1

a) Concentrations for polysorbate 80 and ethanol were fixed at 12.5 and 37.5%, respectively. Enhancement ratio was calculated by dividing the flux of respective formulation

with flux of curcumin in pure eucalyptol (0.37�0.07 mg/cm2 h). ∗ p�0.05 compared with the curcumin in pure eucalyptol.

Fig. 3. Curcumin Permeated and Retained in the Excised Pig Ear Skin

from ME1—ME7 with Various Eucalyptol/Water Ratios (Mean�S.D., n�3)



of the tested microemulsions was very low, even lower than

the interfacial tension of water. In addition, the pH value re-

mained at 7.7 for both unloaded and curcumin-loaded mi-

croemulsions. Additionally, the droplet size of the mi-

croemulsions with various oil/water ratios remained in the

2—5-nm range. We also found that the viscosity increased

with an increase in water in the eucalyptol microemulsion.

The viscosity range of the microemulsions prepared was 6—

14 cP with an increase in the water content from 10 to 40%.

Previously, the viscosity of drug-loaded microemulsions was

reported to influence drug partitioning into the skin. The

higher the viscosity was, the lower the drug delivery efficacy

was.31) The eucalyptol microemulsion with increased water

content (�25%) had low permeation flux which may have

been caused by the increased viscosity. However, the viscos-

ity and size results could not fully explain why the micro-

emulsion composed of 25% eucalyptol and water had the

best delivery efficacy. Effects of the curcumin concentration

(2, 4, 6, 8 g/l) on transdermal delivery were investigated

using the optimal formulation, ME4. Curcumin permeating

through the excised pig ear skin was significantly affected

when curcumin increased from 0.2 to 0.8 wt%. The perme-

ation of curcumin was proportional to the increasing concen-

tration of curcumin (Fig. 5). In addition, the lag time de-

creased with an increase in the curcumin concentration indi-

cating the elevation of the curcumin driving force on the

donor site. In addition, the stability of curcumin microemul-

sion was also evaluated under two storage conditions. After

2-week storage at 25 °C, the 88.5% of curcumin in the for-

mulation (ME4) could be preserved in the microemulsion.

About 96% of curcumin could be preserved in the mi-

croemulsion ME4 when stored at 4 °C for two weeks. No

phase separation or curcumin precipitation was observed in

both conditions. Transdermal curcumin delivery was further

observed using confocal laser scanning microscopy. The his-

tological damage to the skin by the microemulsion vehicle

was analyzed using HE staining technology in the next sec-

tion.

Confocal Observations and Histological Examination

of the Skin Confocal laser scanning microscopy provides

the localization and permeation pathway of fluorescent com-

pounds in the tissue without cryo-fixing or embedding proce-

dures. However, it cannot discriminate between intra- and

inter-cellular permeation pathways.32) Curcumin has a light

emission of 544 nm after being excited by 420-nm laser light.

This fluorescent characteristic is used to visualize the con-

centration gradient of curcumin in the skin using the mi-

croemulsion vehicle (ME4). The 18 confocal curcumin im-

ages at various skin depths (from 0 to 162 mm) were obtained

from a diffusion cell treated with the ME4 microemulsion

(0.4% curcumin) (Fig. 6A). A depth of 0 mm represents the

skin surface, whereas a depth of 162 mm represents the deep-

est dermal site. Curcumin obviously penetrated up to 50 mm

into the skin with decreasing fluorescence as indicated in Fig.

6B. This phenomenon was due to curcumin at the donor site

diffusing through the skin into the receptor site. Histological

examination of treated (ME4) and control (PBS) skin was
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Fig. 4. Conductivity, Viscosity, Size and Surface Tension for ME1—ME7

with Various Eucalyptol/Water Ratios (Mean�S.D., n�3)

Formulation details are presented in Table 2.

Fig. 5. Effects of Curcumin Concentration on Curcumin Permeated

through the Excised Pig Ear Skin with Fixed Water (10%) and Polysorbate

80/Ethanol Ratio (1 : 1)

The error bar stands for S.D. (n�3).

Fig. 6. Laser Scanning Confocal Micrographs of Porcine Skin after 24-h Treatment with Microemulsion ME4 (A) and Their Relative Fluorescence (B)



performed using light microscopy to investigate skin

changes. Micrographs of control and treated samples demon-

strated similar skin layers as shown in Figs. 7A and B. When

the skin was treated with the ME4 microemulsion for 24 h, a

loose morphology of the stratum corneum was observed in

the skin compared to that with PBS treatment, which could

have been caused by the action of the microemulsion on the

stratum corneum (SC). Some minor changes in epidermis

(Figs. 7A, B) were observed in the two samples. A puffy stra-

tum corneum might have contributed to the enhanced effect

of curcumin delivery by the ME4 microemulsion.

Discussion

Various oil phases, cosolvents, and surfactants were used

as carriers to dissolve curcumin. The vehicle composition

significantly affects the curcumin solubility and skin perme-

ability. Among the tested oils and cosolvents, curcumin in

eucalyptol and in ethanol had the better skin permeability

and solubility. Interestingly, curcumin was highly soluble in

the tested surfactants compared to oil and solvent. The in-

crease in curcumin solubility by lipid-based formulations can

enhance drug absorption by increasing the concentration gra-

dient.25) The chemicals with better curcumin solubility were

combined to develop a stable microemulsion with the aid of

pseudo-ternary phase diagrams. Previously, polysorbate/

ethanol ratios significantly affected the phase behavior of

triglyceride microemulsions.27) The polysorbate/ethanol ra-

tios did not affect the transparent region of eucalyptol mi-

croemulsions which might be due to the difference in the oil

phase. In addition, specific physicochemical conditions are

accounted for microemulsion formation including the exis-

tence of a very low surface tension at the oil–water interface,

the presence of a highly fluid interfacial film of the surfac-

tant, and the penetration and association of oil molecules

with the interfacial surfactant film.1)

Formulations (ME1—ME7) with various eucalyptol/water

ratios in the pseudo-ternary phase diagrams had great influ-

ence on curcumin delivery. It is well known that change in

water/oil ratio affects the physicochemical property and mi-

crostructure of microemulsions.1—3,33) The fact that interfa-

cial tension slightly increases with increasing water content

might be due to the surfactant partition from oil/water and

air/liquid interfaces to the water phase.34) The change in the

microstructure of microemulsion caused by the reorganiza-

tion of surfactant might contribute to the increase in viscosity

after the increasing water content.33) Similar observations in

microemulsions viscosity and interfacial tension elevated by

water addition were recently reported.29,31) Due to their am-

phiphilic nature surfactants could form various structures in

oil and water phases depending on the respective concentra-

tions. Various mechanisms were reported to enhance trans-

dermal drug delivery from terpenes.1,5,35) The first mecha-

nism is that eucalyptol in the microemulsion can enter the

skin as a monomer to increase curcumin’s solubility in the

skin. Eucalyptol in the skin increases the partitioning of the

drug into the skin and creates a high drug concentration

within the upper layers of the skin. This results in a higher

concentration gradient which is the driving force for trans-

dermal drug delivery. This possibility was supported by our

results because a high flux was accompanied by high cur-

cumin retention in the skin. The second possibility is that eu-

calyptol is a well-known skin penetration enhancer. Eucalyp-

tol is known to produce greater skin penetration enhance-

ment when applied in combination with ethanol as a cosur-

factant.35) The third mechanism depends on the possibility of

direct drug transfer from microemulsion droplets to the stra-

tum corneum. As the drug molecules are distributed in the

microstructure of the microemulsion system with its very

small droplet size (2—5 nm), a very large surface area for

drug transfer to the skin is created. This explains the superi-

ority of microemulsion formulations over the curcumin

ethanol solution. Accordingly, the effects of the formulation

on the skin may play a major role in the improved skin per-

meation. The compositions of the microemulsions were

found to be important in determining the efficiency of mi-

croemulsions as skin drug delivery systems. Curcumin per-

meating through the excised pig ear skin was significantly 

affected when curcumin increased. Previous researchers

showed that an increase in drug solubility enhances the drug

delivery rate by increasing the drug gradient.36) A matrix-

type transdermal system was recently developed by Patel et

al.17) The potential advantages of the microemulsion over the

matrix-type film system included thermodynamic stability,

facile preparation, enhanced drug solubility, and low cost as

suggested in the review of Azeem et al.30) However, the ma-

trix-type films are one of the most popular transdermal de-

vices. The commercial applications of microemulsion for

transdermal curcumin delivery need more investigations and

animal tests. Furthermore, the detention range of the size-

analyzing instrument (Zetasizer Nano ZS 90) was 0.3 nm to

10 mm by using the technology of dynamic light scattering

(DLS). The size distribution for nanoparticles solutions, col-

loidal dispersions, emulsions, and microemulsions is ana-

lyzed by using DLS method.23,30) Therefore this technology

was very suitable for the analysis of droplet distribution in

microemulsions. The concentration gradient of curcumin in

the skin was visualized using the confocal laser scanning mi-

croscopy. Curcumin could penetrate the SC and enter up to

50 mm into the skinaccording to our results (Fig. 6B). How-

ever, transdermal delivery by microemulsions was previously

demonstrated to be safe for various drugs.37—40) More animal

results for the curcumin microemulsion are needed in order

to evaluate whether the developed microemulsion is safe for

the transdermal delivery of curcumin.

Conclusion

From the results presented in this paper, we concluded that

the transdermal curcumin flux depends upon the composition

of the microemulsion including the eucalyptol/water ratio
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Fig. 7. HE Staining Skin Micrographs after 24-h PBS Treatment (A) and

after 24-h ME4 Treatment (�40)
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and curcumin concentration. The polysorbate/ethanol ratio

affected the phase behaviors of eucalyptol microemulsions as

indicated by the pseudo-ternary phase diagrams. The trans-

dermal curcumin flux was significantly influenced by the eu-

calyptol/water ratio. Physicochemical properties of micro-

emulsions such as the conductivity, interfacial tension, size,

and viscosity influenced curcumin delivery and skin reten-

tion. Results of confocal laser scanning microscopy revealed

that curcumin was localized in the skin and a linear diffusion

pathway existed. No significant damage to the skin was ob-

served using histological examination of the treated skin. Fi-

nally, microemulsions containing 25% water, 25% eucalyp-

tol, 37.5% ethanol, and 12.5% polysorbate 80 had the fastest

curcumin delivery flux. This eucalyptol microemulsion sys-

tem was demonstrated to be a promising tool for the percuta-

neous delivery of curcumin.
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