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Abstract: Nanoemulsions are drug delivery systems that may increase the penetration of 

lipophilic compounds through the skin, enhancing their topical effect. Chalcones are compounds 

of low water solubility that have been described as promising molecules for the treatment of 

cutaneous leishmaniasis (CL). In this context, the aim of this work was to optimize the develop-

ment of a nanoemulsion containing a synthetic chalcone for CL treatment using a 22 full factorial 

design. The formulations were prepared by spontaneous emulsification and the experimental 

design studied the influence of two independent variables (type of surfactant – soybean leci-

thin or sorbitan monooleate and type of co-surfactants – polysorbate 20 or polysorbate 80) on 

the physicochemical characteristics of the nanoemulsions, as well as on the skin permeation/

retention of the synthetic chalcone in porcine skin. In order to evaluate the stability of the 

systems, the antileishmanial assay was performed against Leishmania amazonensis 24 hours 

and 60 days after the preparation of the nanoemulsions. The formulation composed of soybean 

lecithin and polysorbate 20 presented suitable physicochemical characteristics (droplet size 

171.9 nm; polydispersity index 0.14; zeta potential -39.43 mV; pH 5.16; and viscosity 2.00 cP), 

drug content (91.09%) and the highest retention in dermis (3.03 µg⋅g-1) – the main response of 

interest – confirmed by confocal microscopy. This formulation also presented better stability of 

leishmanicidal activity in vitro against L. amazonensis amastigote forms (half maximal inhibi-

tory concentration value 0.32±0.05 µM), which confirmed the potential of the nanoemulsion 

soybean lecithin and polysorbate 20 for CL treatment.
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Introduction
Cutaneous leishmaniasis (CL) is an infectious disease occurring worldwide known by 

its ability to produce deformities in the skin. The disease is caused by different spe-

cies of protozoan parasites that belong to the genus Leishmania. Transmission occurs 

through the bite of the Phlebotomine sandfly, causing an initial injury in the dermis.1 

Approximately 1.5 million cases are estimated to occur each year in 82 countries.2

The aminoglycoside antibiotic paromomycin has been used as a topical treatment for 

CL in combination with the cationic surfactant methylbenzethonium chloride, showing 

good results when compared with placebo. However, paromomycin combined with 
cationic surfactant mehylbenzethonium chloride was not as effective as the treatment 

with pentavalent antimony compounds.3 An ointment with 15% paromomycin and 12% 

cationic surfactant presented severe skin irritancy, possibly due to the high surfactant 

concentration.3 Formulations containing 10% urea4 or 0.5% gentamicin5 in place of the 

cationic surfactant were not as effective as vehicle alone against Leishmania major.
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Other topical treatments that showed low or even no cure 

rates include the use of 1% clotrimazole cream (Canesten®), 

2% miconazole and ketoconazole cream,6–8 7.5% imiqui-

mod cream,9 amphotericin B (Fungizone®) and miltefosine 

cream.10

Therefore, current opinions agree that the topical treat-

ment of CL has not reached optimal effectiveness.11 Mean-

while, chalcones and their derivatives have been investigated 

as potential drug candidates for Leishmaniasis treatment, 

since their antileishmanial activity has been demonstrated 

by different authors.12–15 A new chalcone derivative, (E)-3-

(3-nitrophenyl)-1-(3,4,5-trimethoxyphenyl) prop-2-en-1-one 

(called SC) (Figure 1), was recently synthesized by our 

research group and showed a promising activity against both 

promastigotes and intracellular amastigotes of Leishmania 

amazonensis.

Recently, Rossi-Bergmann et al16 investigated the 

incorporation of synthetic chalcones in the bilayer of small 

conventional unilamellar liposomes, and demonstrated that 

disturbances in the bilayer structure result in the formation of 

deformable liposomes with enhanced epidermal penetration, 

when compared with pegylated liposomes.

Nanoemulsions are drug delivery systems that have been 

increasingly investigated as a promising alternative for the 

treatment of skin diseases, since their small particle sizes can 

increase the penetration of lipophilic compounds through the 

skin, enhancing their topical effect.17,18 Besides their potential 

to overcome the epidermal barrier, nanoemulsions present high 

drug loading, easy preparation/scale-up, and may be composed 

by biocompatible ingredients, among other advantages.19

Since an effective topical treatment for CL may require 

drug penetration down to the dermis (the layer where the 

parasite is internalized in macrophages), the incorporation 

of SC (log P 3.7) in the oil core of colloidal carriers such as 

nanoemulsions seems to be an appealing approach for such 

purpose.

The aim of this study was to perform a 22 full factorial 

design in order to investigate the effect of different surfactants 

and co-surfactants on the physicochemical characteristics of 

nanoemulsions containing SC, as well as on the SC skin 

permeation/retention in the different skin layers of porcine 

ear. Subsequently, we compared the in vitro leishmanicidal 

activity of the selected SC-loaded nanoemulsion against  

L. amazonensis amastigotes with SC alone.

Experimental
chemical and reagents
SC (purity of 97.8%) was synthesized and supplied by The 

Structure-Activity Laboratory on Department of Chemistry 

of Federal University of Santa Catarina, Brazil. Soy lecithin 

(Lipoid S-75®) and medium chain triglycerides (MCT) were 

kindly given by Lipoid GmbH (Ludwigshafen, Germany). 

Polysorbates 80 and 20 (Tween 80® and Tween 20®, respec-

tively), sorbitan monooleate (Span 80®), and Nile red were 

purchased from Sigma Chemical Company (St Louis, MO, 

USA). Trifluoroacetic acid was purchased from Merck 

(Deisenhofen, Germany). Ultrapure water was obtained from 

a Milli-Q® Plus apparatus by Millipore (Merck Millipore, 

Billerica, MA, USA). Methanol liquid chromatography (LC) 

grade was obtained from Tedia (Rio de Janeiro, Brazil). All 

other reagents were of analytical grade.

chromatographic conditions and 
apparatus
The LC apparatus consisted of a Shimadzu LC-10A system 

(Kyoto, Japan) equipped with a model LC-20AT pump, a 

SPD-20AV UV-VIS variable wavelength detector, a DGU-

20A5 degasser, a CBM-20A system controller, and SIL-20A 

injection valve with a 100 µL loop. The chalcone was ana-

lyzed using a Phenomenex Luna RP18 column (150 mm × 

4 mm, 5 µm particle size) coupled to a RP18 guard column. 

The mobile phase consisted of methanol:trifluoroacetic acid 

(0.1%) (70:30 v/v). The injection volume was 20 µL and the 

LC system was operated at an isocratic flow of 1.0 mL⋅min-1, 

with detection at 288 nm, and temperature at 30°C.

Factorial design
A 22 full factorial design was used to determine the influence of 

two factors: type of lipophilic surfactant (A) and type of hydro-

philic surfactant (co-surfactant) (B) and interactions between 

them on the following responses: droplet size, polydispersion 

index, zeta potential, pH, viscosity, drug content and association, 

and drug retention in skin layers. The factorial design matrix is 

shown in Table 1. Results were demonstrated as Pareto charts 

that identify which factors and interactions between them have 

a significant influence on each response assessed. In interaction 

graphs, the greater slope of the line indicates the larger influence 
Figure 1 structure of (e)-3-(3-nitrophenyl)-1-(3,4,5-trimethoxyphenyl) prop-2-en-
1-one.
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of the variables on the system, and the lack of parallelism of 

lines indicates the interaction between the factors. Statistical 

significance of each individual factor and interactions between 

factors and effects were determined at 5% significance level by 

using the Minitab software (Minitab 14, Statistical Software).

Nanoemulsions preparation
Nanoemulsions were prepared using a spontaneous emulsi-

fication procedure.20 All formulations contain MCT as oily 

core, and were named according to the mixture of lipophilic 

(factor A) and hydrophilic (factor B) surfactants employed: 

soybean lecithin and polysorbate 20 (LP20), soybean lecithin 

and polysorbate 80 (LP80), sorbitan monooleate and polysor-

bate 20 (SP20), and sorbitan monooleate and polysorbate 80 

(SP80). SC was incorporated at 1.0 mg⋅mL-1 in all nanoemul-

sions (Table 1). Blank nanoemulsions were prepared without 

the incorporation of SC.

Physicochemical characterization
Particle size and zeta potential were measured at 25°C by 

photon correlation spectroscopy and electrophoretic mobility, 

respectively, using a Malvern Zetasizer® Nano-ZS 90 (Malvern 

Instruments, Malvern, UK). For droplet size and zeta potential 

analysis, before the measurement samples were diluted 1:1,000 

with ultrapure water and 1.0 mM NaCl solution, respectively. 

Viscosity was determined by capillary viscometry in an Ost-

wald viscometer. Tests were performed taking into account 

the flow time of samples (adjusted to 20°C±0.1°C) through the 

capillary. pH was determined using a Digimed potentiometer 

(São Paulo, Brazil). All analyses were done in triplicate.

Morphological analysis
Morphological analysis of nanoemulsions was performed by 

transmission electron microscopy (TEM). A nanoemulsion 

drop was placed on a copper grid (200 mesh) coated with 

Formvar/carbon. After 1 minute, the sample was removed by 

capillarity with a piece of paper. A drop of 1% uranil acetate 

was added and, after 2 minutes, its liquid was removed by 

capillarity. The samples were analyzed using a JEM-1200 

EXII instrument (JEOL, Tokyo, Japan).

SC content and association efficiency
The SC content in the nanoemulsions was assayed by LC 

after sample dilution in methanol. In order to determine 

the association efficiency, the nanoemulsion ultrafiltration-

centrifugation was performed using Ultrafree® MC 10,000 

MW (Millipore) membrane for 10 minutes at 15,000 rpm. 

The amount of SC associated with the nanoemulsions was 

calculated as the difference between the total and free SC 

concentrations determined in the nanoemulsion and ultrafil-

trate, respectively.

In vitro skin permeation/retention
The skin permeation/retention study was performed in a 

Franz-type diffusion cell with a nominal area of 1.77 cm2 and 

receptor cell volume of 10 mL. Porcine ear skin was used as 

membrane between donor and receptor compartment. The 

subcutaneous lipid tissue was removed and the skin was stored 

in a freezer for up to 1 month. The nanoemulsion (0.5 mL)  

was placed in the donor compartment and phosphate buffer 

(pH 7.4):ethanol (50:50, v/v) was employed as receptor fluid, 

in the receptor compartment. The control formulation was 

composed by a suspension of SC in MCT (1.0 mg⋅mL-1). 

The temperature of the receptor fluid was maintained at 

32°C±1°C under constant stirring. After 8 hours, the skin 

was removed from the cell and cleaned using cotton swab. 

Tape stripping experiments were performed on full-thickness 

porcine ear skin using Scotch Tape 750 (3M, St Paul, MN, 

USA). The first stripped tape was discarded, while the fol-

lowing 14 tapes were submitted to SC extraction. After, the 

epidermis was separated from the dermis using a scalpel 

and the layers were weighed. SC was extracted from tapes, 

epidermis, or dermis in 2 mL of methanol in ultrasound 

bath for 30 minutes. Samples were filtered through 0.45 µm 

Millipore membranes and analyzed by high-performance 

LC at 288 nm as previously described. The results were 

expressed as mean ± standard deviation (n=6) of SC per 

skin weight (µg⋅g-1).

histological analysis
Histological analyses were performed in order to observe 

skin morphology changes after treatment with different 

Table 1 Nanoemulsion composition (%, w/w) and matrix factorial 
design

Compounds LP20 SP80 LP80 SP20

chalcone 0.1 0.1 0.1 0.1
McT 10.0 10.0 10.0 10.0
sorbitan monooleate – 2.0(-1) – 2.0(-1)

soybean lecithin 2.0(+1) – 2.0(+1) –
Polysorbate 20 2.0(+1) – – 2.0(+1)

Polysorbate 80 – 2.0(-1) 2.0(-1) –
Water qsp 100.0 100.0 100.0 100.0

Notes: Factor a: lipophilic surfactant. high level (+1): soybean lecithin. low level (-1): 
sorbitan monooleate. Factor B: hydrophilic surfactant. high level (+1): polysorbate 
20. low level (-1): polysorbate 80. “–” Indicates absence of this compound.
Abbreviations: lP20, soybean lecithin and polysorbate 20; lP80, soybean lecithin and  
polysorbate 80; MCT, medium chain triglycerides; qsp, a sufficient quantity for; 
sP20, sorbitan monooleate and polysorbate 20; sP80, sorbitan monooleate and 
polysorbate 80.
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nanoemulsions, for 8 hours, on a Franz diffusion cell. Skin 

was cleaned with a swab and immersed in formaldehyde 

solution. Subsequently, the skin was dehydrated, paraffin 

embedded, sectioned and colored by hematoxylin–eosin. Skin 

tissues were observed under optical microscopy using tenfold 

magnification.

Confocal fluorescence microscopy
Confocal fluorescence microscopy was used to visualize the 

distribution of fluorescent nanoemulsions through the skin 

layers. Nile red was added (0.05%) to the organic phase dur-

ing nanoemulsion preparation. After 8 hours of application in 

the Franz diffusion cell, the skin samples were mounted with 

Tissue-tec O.C.T.® (Sakura Finetechnical, Tokyo, Japan) 

onto a metal sample holder and frozen at -20°C. Vertical 

40 µm thick slices were obtained with a cryostat (Leica 

CM 1850) and the slides were evaluated using a confocal 

microscopic Olympus FluoView™ 1000. The excitation and 

emission wavelengths were 559 nm and 636 nm, respectively. 

The images were taken at a 20-fold optical zoom.

Parasites
L. amazonensis (Clone C12D9) genetically modified to 

express the β-galactosidase enzyme21 were maintained as 

promastigotes at 26°C in Schneider’s insect medium (Sigma-

Aldrich, St Louis, MO, USA), pH 7.4, supplemented with 

10% (v/v) heat inactivated fetal bovine serum (Gibco, BRL), 

2% (v/v) human urine, 10 U⋅mL-1 penicillin, 10 µg⋅mL-1 

streptomycin (Gibco, BRL) and 500 µg⋅mL-1 G-418 (Santa 

Cruz Biotechnology, Dallas, TX, USA). The THP-1 cell 

line of acute human monocytic leukemia22 was maintained 

at 37°C and 5% CO
2
 in RPMI 1,640 medium without phe-

nol red (Sigma-Aldrich), pH 7.4 supplemented with 10% 

(v/v) heat inactivated fetal bovine serum, 12.5 mM HEPES 

buffer (Gibco, BRL), 100 U mL-1 penicillin, 100 µg⋅mL-1 

streptomycin (Gibco, BRL), 2 mM Glutamax® (Gibco, BRL), 

and 1 mM sodium pyruvate (Gibco, BRL). This study was 

approved by the UFSC Ethics Com mittee (Universidade 

Federal de Santa Catarina, Florianópolis, Santa Catarina, 

Brazil) under protocol (UFSC- 332109/2013).

antiparasitic assay
The antiparasitic assay was performed according to Tonini21 

and Fumarola et al.23 Briefly, differentiation of THP-1 cells 

into adherent macrophage-like cells was achieved by treat-

ment with phorbol myristate acetate in 96-well plates for 

72 hours. Adherent cells were infected with L. amazonensis 

(C12D9) promastigotes (multiplicity of infection of 10) for 

3 hours and incubated for another 24 hours. Subsequently, 

cells were treated with SC or nanoemulsions at concentrations 

of 0.375, 0.75, 1.25, 2.5, 5.0, 10.0, and 20.0 µg⋅mL-1 and 

cultivated for 48 hours at 34°C and 5% CO
2
. The supernatant 

was removed, and a solution containing 250 µL PBS + CPRG 

(100 mM) +0.1% NP-40 (v/v) was added and developed for 

16 hours at 37°C, when the optical density was measured 

in a spectrophotometer at 570 nm Tecan® Model Infinite 

M200. Amphotericin B and DMSO were used as positive 

and negative controls, respectively. In order to evaluate 

the nanoemulsion inhibition profile against amastigotes of  

L. amazonensis, the concentrations used were 0.375, 0.75, 

1.25, 2.5, 5.0, 10.0, and 20.0 µg⋅mL-1. Half maximal 

inhibitory concentration (IC
50

) values were calculated by a 

non-linear regression model using GraphPad Prism 5.03® 

(GraphPad Software Inc, San Diego, CA, USA).

cytotoxicity assay
Cell viability was determined by the 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) method as 

described by van de Loosdrecht et al24 and modified by Sieu-

werts et al.25 THP-1 cells were seeded in 96-well plates (4×104 

cells/well) in 180 µL of complete RPMI medium. Compounds 

diluted in the culture medium at decreasing concentrations 

from 250 to 7.81 µM were added to the cells, which were 

then grown for 48 hours at 37°C and 5% CO
2
. Later, the plates 

were centrifuged (2,700× g/10 minutes), the supernatant was 

removed, and the pellet was resuspended in 50 µL of a solu-

tion of MTT (Sigma-Aldrich) at 3 mg⋅mL-1 as described by 

Garcia et al.26 Subsequently, the plates were incubated at 37°C 

in the absence of light for 4 hours and centrifuged (2,700× 

g/10 minutes). The supernatant was removed and the pellet 

(formazan salt) solubilized in 100 µL DMSO. Optical density 

was determined at 540 nm in a Tecan® Infinite M200 spectro-

photometer. DMSO 1% (v/v) and DMSO 20% (v/v) were the 

negative and positive controls, respectively. Amphotericin B 

has been tested at concentrations of up to 10 µM. Fifty percent 

cytotoxic concentration values were calculated by a non-linear 

regression using the GraphPad Prism 5.03® program.

statistical analysis
One-way analysis of variance with Tukey’s post-test was used 

to evaluate differences between mean values. Differences 

were considered as statistically significant when P,0.05.

Results and discussion
Non-ionic (sorbitan monooleate) and amphoteric (soybean 

lecithin) surfactants were selected for the nanoemulsion 
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optimization study, since they are widely used in the prepara-

tion of nanostructured systems due to their low toxicity.27–29 

In addition, lecithin has high affinity for cell membranes, 

affording increased drug absorption, which is ideal for the 

development of nanoemulsions.

Co-surfactants can be employed to stabilize the interface 

by steric hindrance, thereby forming more stable emulsions. 

For this purpose, the non-ionic surfactants, such as polysor-

bates, are the most widely used.30 Recent studies showed 

that surfactants with similar HLB provided the formation of 

nanoemulsions with different characteristics, such as droplet 

size, surface tension, and mobility. These studies also revealed 

that, other surfactant properties, like molecular geometry, 

for instance, are important to determine the effectiveness of 

these compounds in the formation of nanoemulsions, using 

low energy methods, such as spontaneous emulsification.31 

Polysorbates 20 and 80 present similar HLB values (16.7 

and 15.0, respectively). Both have similar groups in the polar 

head and non-polar tails. Polysorbate 20 has a linear saturated 

chain, whereas the polysorbate 80 chain is unsaturated and 

more kinked. The difference in geometry may affect the link 

between the oil–water interface and the surfactant, and the 

presence of double bonds in the non-polar tails is thought to 

promote the formation of smaller droplet sizes.32 Polysorbates 

20 and 80 were selected to investigate whether surfactants with 

similar HLB may form nanoemulsions with different physico-

chemical characteristics and skin permeation capacity.

The oil core was selected based on solubility studies of SC, 

which showed a higher solubility in MCT (2.8±0.05 mg⋅g-1) 

compared with castor oil (2.0±0.13 mg⋅g-1), MCT: castor 

oil mixture (2.3±0.40 mg⋅g-1), vitamin E (1.4±1.97 mg⋅g-1), 

isopropyl myristate (1.07±1.25 mg⋅g-1), and octyldodecanol 

(0.98±0.16 mg⋅g-1).

Table 2 shows the results of the physicochemical char-

acteristics of the nanoemulsions developed. All formula-

tions presented high content and encapsulation efficiency, 

indicating that the spontaneous emulsification was a suitable 

method for nanoemulsion preparation. Another important 

parameter is particle size, which defines whether the for-

mulations are in the nanometric range and may affect the 

penetration of the active substance through the skin.33 Nano-

emulsions containing soybean lecithin showed a droplet size 

ranging from 171.9 to 183.7 nm, while those composed by 

sorbitan monooleate ranged from 272.4 to 296.2 nm. The 

polydispersity index (PDI) reflects the distribution of particle 

size in a formulation. A PDI of ,0.2 indicates the existence 

of uniform size distribution and homogenous populations, 

whereas a PDI of .0.3 indicates system heterogeneity.34 

Nanoemulsions prepared with soybean lecithin presented 

PDI values between 0.13 and 0.14, while those prepared with 

sorbitan monooleate ranged within 0.24 and 0.34.

The negative zeta potential values displayed by nanoemul-

sions containing sorbitan monooleate (-21.22 to -25.8 mV)  

may be credited to the presence of free fatty acids from MCT, 

to the adsorption of hydroxyl ions at the oil in water inter-

face, and to the subsequent development of hydrogen bonds 

between these ions and ethylene oxide groups of Tween, as 

observed by Liu et al.35

The presence of soybean lecithin results in a higher value 

of zeta potential (-36.61 to -39.43 mV), as expected, and 

this can be attributed to the presence of negatively charged 

phospholipids.27,30 Lecithins are composed by phosphatidyl-

choline and acid lipids, and at neutral pH provide a higher 

negative zeta potential (-50 mV). However, the zeta potential 

of phospholipid-stabilized nanoemulsions can be reduced in 

acid pH values, confirming our results.30,35,36 High module 

zeta potential increases the distance and electrical repulsion 

between the particles. However, lower zeta potential, as 

found in nanoemulsions prepared with sorbitan monooleate, 

does not necessarily reflect system instability.27

Nanoemulsion viscosity depends on the nature and con-

centration of surfactant, oil phase constituents, droplet size, 

Table 2 Physicochemical characteristics of nanoemulsions

Parameters analyzed LP20 SP80 LP80 SP20

content, mg⋅ml-1 (sD) 0.91 (0.18)a 0.89 (0.28)a 0.92 (0.60)a 0.88 (0.10)a

Association efficiency (SD) 99.93 (0.005)a 99.97 (0.04)a 99.97 (0.02)a 99.97 (0.03)a

Particle size, nm (sD) 171.9 (18.73)a 272.74 (8.85)b 183.77 (1.94)a 296.27 (2.81)b

Polydispersity index (sD) 0.14 (0.01)a 0.24 (0.04)b 0.13 (0.02)a 0.34 (0.07)b

Zeta potential, mV (sD) -39.43 (3.56)a -21.22 (4.59)b -36.61 (0.58)a -25.8 (2.68)b

ph (sD) 5.16 (0.40)a 5.81 (0.56)a 5.47 (0.31)a 5.68 (0.68)a

Viscosity, cP (sD) 2.00 (0.13)a 1.71 (0.06)b 2.01 (0.07)a 1.75 (0.19)b

Note: Different letters indicate significant statistical differences (ANOVA, Tukey test, P,0.05).
Abbreviations: aNOVa, analysis of variance; lP20, soybean lecithin and polysorbate 20; lP80, soybean lecithin and polysorbate 80; sD, standard deviation; sP20, sorbitan 
monooleate and polysorbate 20; sP80, sorbitan monooleate and polysorbate 80.
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and the viscosity of the oil-forming core.37,38 All formulations 

presented low viscosity, ranging from 1.71 to 2.01 cP, which 

are characteristic of nanoparticulate systems. The nanoemul-

sions containing soybean lecithin exhibited significantly 

higher viscosity values, compared with those prepared with 

monooleate sorbitan as a surfactant, indicating the influence 

of the lipophilic surfactant. Increased viscosity can also be 

attributed to the reduced droplet size of nanoemulsions, as 

observed by Pal,39 since the lower the droplet size, the higher 

the surface area, which increases interparticulate interactions. 

The pH of the formulations ranged between 5.16 and 5.81, 

which are suitable values for cutaneous application and do 

not interfere in the permeation characteristics of lipophilic 

molecules.40

Physicochemical parameters of blank nanoemulsions 

were also evaluated (data not shown). The results showed no 

significant differences when compared with the SC-loaded 

nanoemulsion.

The Pareto chart (a) and interaction graphs (b) are shown 

in Figure 2. The variable A (lipophilic surfactant) presents 

a significant influence (P,0.05) on droplet size, PDI, zeta 

potential, viscosity, and pH, with a favorable effect on all 

parameters. This effect was observed when the lipophilic 

surfactant was present at its high level (soybean lecithin), 

resulting in nanoemulsions with smaller particle size, low 

PDI, higher zeta potential in module, and viscosity. The 

interactions between factors A and B present a significant 

influence only on droplet size. As can be observed in the 

interaction graphs, droplet sizes are reduced when both 

factors are at high level, that is, when soybean lecithin 

and polysorbate 20 are employed in the same formulation. 

The variable B (hydrophilic surfactant) did not influence 

nanoemulsions characteristics significantly. These findings 

suggest that the molecular geometry of the surfactants did 

not affect the properties of nanoemulsions, contrarily to what 

has been described in previous studies.31

Figure 2 (Continued)
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Figure 2 Pareto chart (A) and interaction graphs (B) to physicochemical characteristics.
Notes: a: lipophilic surfactant; B: hydrophilic surfactant. continuous line: sorbitan monooleate (-1); dotted line: soybean lecithin (+1).
Abbreviation: PDI, polydispersity index.

The Pareto chart for content and association efficiency 

is presented in Figure 3. As can be observed, neither the 

variables nor their interactions were significant to these 

responses.

Morphological analysis were performed based on TEM 

images (Figure 4) and show that nanoemulsion droplets are 

almost spherical, presenting the typical appearance of oil in 

water nanoemulsion, although those prepared with soybean 

lecithin as a surfactant seem to be more deformable (Figure 4A 

and B) than those prepared with sorbitan monooleate 

(Figure 4C and D). The photomicrographs confirm the particle 

size analysis, which showed droplets in the nanometer range.
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Figure 3 Pareto chart to (A) content and (B) association efficiency.
Notes: a: lipophilic surfactant; B: hydrophilic surfactant. 

Figure 4 Transmission electronic microscopy images of the nanoemulsions ×100,000 magnification.
Notes: (A) lP20, (B) lP80, (C) sP80, and (D) sP20 (scale bars 0.2 µm).
Abbreviations: lP20, soybean lecithin and polysorbate 20; lP80, soybean lecithin and polysorbate 80; sP20, sorbitan monooleate and polysorbate 20; sP80, sorbitan 
monooleate and polysorbate 80.
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Table 3 In vitro chalcone retention (µg⋅g-1) from different nanoemulsions in porcine ear skin after 8 hours (mean ± sD, n=6)

Samples Receptor fluid Stratum corneum Epidermis Dermis

control ND ,llOQ ,llOQ ,llOQ
lP20 ND ,llOQ 28.19±6.75a 3.03±1.18a

lP80 ND ,llOQ 20.79±2.48a 1.77±0.34a

sP20 ND ,llOQ 13.83±1.35b 0.56±0.13b

sP80 ND ,llOQ 29.76±7.33a 1.17±0.23a

Notes: Different letters indicate significant statistical differences (ANOVA, Tukey test, P,0.05). ,llOQ: below llOQ.
Abbreviations: ANOVA, analysis of variance; LLOQ, lower limit of quantification; LP20, soybean lecithin and polysorbate 20; LP80, soybean lecithin and polysorbate 80; 
ND, not detected; sD, standard deviation; sP20, sorbitan monooleate and polysorbate 20; sP80, sorbitan monooleate and polysorbate 80.

Particle size, electrical charge, and nature of the surfac-

tants used are factors that influence the interaction between 

nanoemulsions and skin, and, therefore drug penetration 

profile.41 Some compounds are capable of increasing bilayer 

fluidity and the diffusion of lipophilic compounds, since they 

are able to fuse with stratum corneum lipids, thereby inserting 

themselves between the hydrophobic tails of the bilayer.42 

Among these compounds, phospholipids can increase tissue 

hydration due to their physicochemical properties, promoting 

drug delivery.43 The results of the in vitro skin permeation/

retention study are shown in Table 3. After 8 hours of 

experiment in a Franz-type diffusion cell, SC retention in 

the epidermis was higher than that in the dermis. SC reten-

tion was below lower limit of quantification in stratum 

corneum, and was not detected in the receptor fluid from all 

formulations. The amount of SC retained in skin layers from 

the control formulation was below lower limit of quantifi-

cation, suggesting its reduced penetration in the free form.  

SC retention from SP20 formulation was statistically differ-

ent (P,0.05), compared with the other formulations.

The Pareto chart (Figure 5A) shows that, for SC epider-

mis retention, variable A (lipophilic surfactant) presented a 

significant effect, while variable B did not. For dermis reten-

tion, both variables presented a significant effect. The AB 

interaction had a significant influence on SC epidermis and 

dermis retention. The interaction graphs (Figure 5B) show 

that the interaction between A and B increased SC retention 

in the epidermis when these factors are at low level, and 

increased SC retention in the dermis layer when these factors 

are at high level.

Since parasites are located mainly in the dermis, larger 

SC penetration in this layer is targeted.16,44 The results show 

that, by combining soybean lecithin and polysorbate 20,  

a larger SC retention in the dermis was obtained. This may be 

attributed to the affinity of lecithin for cellular membranes, 

and to the ability of polysorbate 20 to form micelles in aque-

ous medium that extract lipids from the skin. This may lead 

to an increase in absorption/penetration of several compounds 

across the skin, allowing these substances to reach deeper 

layers.45,46 Polysorbates can increase drug penetration in the 

stratum corneum intercellular regions by increasing fluidity 

and solubilizing lipid components, that is, by providing a 

looser intracellular lipid barrier in the stratum corneum.47 

Another possible mechanism suggests the interaction with 

keratin filaments, which results in corneocytes disruption 

and drug transport.48,49

Akhtar et al50 evaluated the penetration enhancing effect 

of polysorbates 20 and 80 in the in vitro percutaneous 

absorption of ascorbic acid. The presence of the non-ionic 

surfactants increased the influx of ascorbic acid, from 0.626 

to 3.17 and 2.44 µg⋅cm-2⋅h-1 when polysorbates 20 and 80 

were employed, respectively.

In another study, polysorbate 20 produced a significantly 

higher transdermal flux and permeability coefficient for 

flurbiprofen compared with polysorbate 80.51 The exact 

mechanism by which polysorbates 20 and 80 seem to produce 

different results in skin permeation studies has not been 

clarified up to now.

Figure 6 shows images of histological analysis after  

8 hours of skin permeation/retention studies. The histo-

logical sections show that nanoemulsions did not modify the 

structure of untreated skins.

Confocal microscopy shows the skin distribution of fluo-

rescent dyes incorporated in the nanostructures. This tech-

nique is non-invasive and provides high-resolution images.52 

Figure 7 shows images of confocal microscopy after  

8 hours of skin permeation/retention studies using a Nile 

red-SC-loaded nanoemulsion. Higher fluorescence was 

detected in skins treated with LP20 and SP80, suggesting 

higher SC retention, compared with other formulations. 

These images confirm the results of SC epidermal and 

dermal retention.

In vitro leishmanicidal activity of SC nanoemulsions 

was evaluated in order to attest the possible potentiation 

of this activity in these reduced water solubility molecules  

carrier systems. Our results indicate that the nanoemulsions 
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Figure 5 Pareto chart (A) and interaction graphs (B) for sc skin retention.
Notes: a: lipophilic surfactant; B: hydrophilic surfactant. continuous line: sorbitan monooleate (-1); dotted line: soybean lecithin (+1).
Abbreviation: sc, (e)-3-(3-nitrophenyl)-1-(3,4,5-trimethoxyphenyl) prop-2-en-1-one.

LP20 and SP80 were able to maintain the leishmanicidal 

activity of this molecule against amastigote forms of L. 

amazonensis (Table 4). Leishmanicidal assays were repeated 

60 days after the preparation of the nanoemulsions in order 

to evaluate the stability of the formulations in which LP20 

showed an IC
50

 of 1.13 µg⋅mL-1, whereas SP80, SP20, and 

LP80 presented values higher than 20 µg⋅mL-1 (data not 

shown). The highest percentage of inhibition of parasitic 

growth was observed after treatment with LP20 in both 

times stipulated. This formulation showed approximately 

100% of inhibition at most concentrations tested in 24 hours 

(Figure 8), and presented a slight reduction on its profile 

after 60 days (data not shown). Cell viability was determined 

by the MTT technique only for the carrier systems that 

presented higher antileishmanial activity (ie, LP20 and 

SP80) (Table 4). Selectivity index (SI) for LP20 and SP80 

was 27.97 and 67.42, respectively, which are higher values 

than the threshold suggested by Grogl et al53 as satisfactory 

for in vitro tests (.5.0). Although LP20 presented lower SI 

than SP80, this formulation maintained its inhibition profile 

against L. amazonensis amastigote forms and, therefore, 

was found to be the best formulation. Furthermore, the 

drugs used in the current treatment of CL present lower SI 

values than those found in our results. Glucantime presented 

SI values of 0.8 and 0.5, against L. major and Leishmania 

infantum, respectively.54,55 When evaluated against L. ama-

zonensis, Glucantime presented SI in range of 0.3–2.4.56 The 

SI of miltefosine was 0.26 against Leishmania donovani.57 

Recent studies investigated the antileishmanial activity of 

extracts of Hypericum spp., Syzygium cumini essential oil 

and α-pinene against L. amazonensis and found SI values 

ranging from 1.2 to 4.0, 10.2 to 16.1, and 21.5 to 27.2, 

respectively.56,58 A novel diselenide chitosan hydrogel for-

mulation presented SI of 1.8 against L. major.59 Although 

the positive control presented a good result in this in vitro 

study, it is worth emphasizing that some cases of Ampho-

tericin B resistance against Leishmania spp. have been 

recently reported.60,61 Taken together, the results of these 

studies justify the investigation of new drug candidates for 

Leishmaniasis treatment.
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Figure 6 Phytomicrographs of skin after 8 hours of skin permeation (tenfold optical zoom). 
Notes: Untreated skin (A); skin treated with lP20 (B), lP80 (C), sP80 (D), and sP20 (E) nanoemulsions.
Abbreviations: lP20, soybean lecithin and polysorbate 20; lP80, soybean lecithin and polysorbate 80; sP20, sorbitan monooleate and polysorbate 20; sP80, sorbitan 
monooleate and polysorbate 80.

Figure 7 confocal micrograph images of porcine ear skin after 8 hours treatment with (A) lP20, (B) lP80, (C) sP80, and (D) SP20 with Nile red fluorescent dye. 
Fluorescence images recorded with 559 nm excitation and 636 nm emission wavelengths.
Abbreviations: lP20, soybean lecithin and polysorbate 20; lP80, soybean lecithin and polysorbate 80; sP20, sorbitan monooleate and polysorbate 20; sP80, sorbitan 
monooleate and polysorbate 80.
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Figure 8 Inhibitory effects of nanoemulsions on Leishmania amazonensis in vitro 
tested 24 hours after the preparation of formulations.
Notes: adherent ThP-1 cells were infected at a ratio of 1:10 cell/parasite L. 
amazonensis and treated for 48 hours with free sc and sc loaded into nanoemulsions 
in a concentration range of 0.375–20 µg⋅ml-1. results are expressed as the mean ± 
sD of the percent inhibition of parasite growth (n=3).
Abbreviations: lP20, soybean lecithin and polysorbate 20; lP80, soybean lecithin 
and polysorbate 80; sc, (e)-3-(3-nitrophenyl)-1-(3,4,5-trimethoxyphenyl) prop-2-
en-1-one; sD, standard deviation; sP20, sorbitan monooleate and polysorbate 20; 
sP80, sorbitan monooleate and polysorbate 80.

Table 4 ThP-1 cc50, Leishmania amazonensis (amastigote) Ic50, and selectivity index values of free sc, nanoemulsion, and amphotericin 
B 24 hours after preparation of the formulations

SC LP20 LP80 SP80 SP20 ANFB

cc50 44.47±6.60 8.95±6.62 ND 17.53±6.19 ND .10
Ic50 0.42±0.13 0.32±0.05 0.94±0.17 0.26±0.06 0.53±0.1 0.07±0.06
sI 105.88 27.97 ND 67.42 ND .142

Note: cc50 and Ic50 (µg⋅ml-1) are expressed as mean ± standard deviation (n=3).
Abbreviations: cc50, 50% cytotoxic concentration; Ic50, half maximal inhibitory concentration; aNFB, amphotericin B; lP20, soybean lecithin and polysorbate 20; lP80, 
soybean lecithin and polysorbate 80; ND, not determined; sc, (e)-3-(3-nitrophenyl)-1-(3,4,5-trimethoxyphenyl) prop-2-en-1-one; sI, selectivity index (cc50/Ic50); sP20, 
sorbitan monooleate and polysorbate 20; sP80, sorbitan monooleate and polysorbate 80.

Conclusion
SC was successfully incorporated in nanoemulsions using a 

spontaneous emulsification method. The different combina-

tions of lipophilic and hydrophilic surfactant did not influence 

SC content and the association efficiency of nanoemulsions. 

All nanoemulsions presented nanometric sizes, negative zeta 

potential values, low viscosity and pH, and most were mono-

dispersed. The factorial design showed that the presence of 

soybean lecithin had a significant effect on droplet size, PDI, 

zeta potential, viscosity, pH, and SC dermis retention. The 

interaction between lipophilic and hydrophilic emulsifier 

presented a significant effect (P,0.05) on droplet size as well 

as on the epidermal and dermal penetration of SC. Altogether, 

based on the physicochemical properties and dermal retention 

results, LP20 was the most promising nanoemulsion. Our 

results have shown that LP20 nanoemulsion presented a high 

activity against intracellular amastigotes of L. amazonensis 

in THP-1 cells. Furthermore, when the parasitic inhibition 

profile is considered, LP20 presented both stability and 

maintenance of leishmanicidal activity.
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