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Abstract. Cutaneous leishmaniasis is a neglected parasitic disease. Treatment is
preferably performed with pentavalent antimony associated or not with amphotericin B
(AmB). This study aimed to develop an emulgel with different chemical enhancers of
cutaneous release. Initially, AmB emulsions were obtained with the chemical promoters,
oleic acid and geraniol and without promoter, then for the evaluation of the formulations, a
preliminary stability study was carried out where the formulations were submitted to
centrifugation, before and after the freeze-thaw cycle and analyzed appearance, color, pH,
spreadability, viscosity, conductivity, droplet size, assay, in vitro release study, in vitro
antileishmania activity in Leishmania major promastigotes, and macrophage toxicity in the
MTT test. The emulsions were yellowish, with no signs of instability after the centrifugation
test. The pH range corresponded to that of the skin, which is 4.6 to 5.8, before and after the
freeze-thaw cycle, the formulations had good spreadability and did not present significant
viscosity differences before and after the freeze-thaw cycle, presenting a non-Newtonian
characteristic. AmB content was within the kinetic model of zero order release, the
formulation of 3% AmB and 5% oleic acid (formulation 1) was chosen to proceed with
the antileishmania activity test and showed potential activity against the in vitro parasite with
significant reduction of cytotoxicity on murine macrophages, indicating that the formulation

is promising for the treatment of cutaneous leishmaniasis.
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INTRODUCTION

Leishmaniasis is considered a neglected tropical disease
in the world, caused by several species of the flagellate
protozoan of the genus Leishmania. It is endemic and the
most severe form can cause disfigurement and death.
Pentavalent antimonial compounds are used as first-line
treatment of cutaneous leishmaniasis, but are considered
toxic. This treatment has many side effects and a high rate
of recidivism (20 to 45%). In addition, the development of
resistant strains may render the treatment ineffective (1,2).

Topical drug treatment aims to provide high concentra-
tions of drugs at the site of application in order to avoid
adverse systemic effects associated with oral or parenteral
administration. Topical administration offers the absence of a
first pass effect, is painless, and has ease of application.
However, topical efficacy is only obtained from potent drugs
to an adequate degree of penetration into the skin. The use of
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chemical enhancers in topical formulations is intended to
promote improvement in drug release (3.4).

The clinical efficacy of a topically applied drug depends
not only on its pharmacological properties but also on its
availability at the site of action. Organogels have been studied
successfully as dermal pharmaceutical forms. Soybean leci-
thin, because of its surfactant properties, is added to the
formulations to solubilize lipophilic ingredients and thereby
solubilizes lipids within the stratum corneum (5). This study
aimed to develop amphotericin B emulsions with different
chemical parameters and perform in vitro cytotoxicity assays
to verify the potential use of the formulations developed.
Evaluation of the in vivo leishmanicidal activity of
amphotericin B emulgel was performed in another study (6).

MATERIALS AND METHODS

Materials

Amphotericin B deoxycholate (amount=_844 pg/mg,
VALDEQUIMICA, Sio Paulo, Brazil), isopropyl palmitate
and isopropyl myristate (EMBRAFARMA, Sio Paulo,

1530-9932/19/0000-0001/0 © 2019 American Association of Pharmaceutical Scientists
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Fig. 1. Emulsion preparation scheme

Brazil), polaxamer 407® (GALENA, Sio Paulo, Brazil),
Schneider’s culture medium, RPMI medium (Fetal bovine
serum (SFB), MTT (3- (4,5-dimethylthiazol-2-yl) -2,5-
dihydro-benzoic acid), and geraniol (SIGMA-ALDRICH)
Bromo diphenyltetrazolium, Alamar blue (Resazurin), the
antibiotics Penicillin and Streptomycin were purchased from
Sigma Chemical (Sigma-Aldrich Brazil).

Formulating Emulgel

Initially, the polaxamer 407 gel was prepared, where the
polymer was weighed and placed to swell under refrigeration
for 24 h (overnight). To prepare the oil phase, soybean
lecithin and isopropyl palmitate or isopropyl myristate were
mixed in a 1:1 ratio and reserved. After 24 h of the oily and
aqueous phases were prepared separately, the AmB was
added in the oil phase, and finally, the addition of the aqueous
phase under stirring until the formation of the emulsifier
occurred, the chemical promoters were added to the phase
oily when applicable. After 24 h of the preparation of the
formulations, homogenization and stabilization of the formu-
lations were observed macroscopically (Fig. 1).

Several AmB emulsion formulations were prepared in
quantitative and qualitative planning according to Table I.

Preliminary Stability Evaluation (Freeze-Thaw Cycle)

Initially, the samples were submitted to the centrifuga-
tion test (3000 rpm/30 min), using 1 g of sample. Then, the
preliminary stability of the test samples was evaluated in
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order to verify the behavior of the formulation by means of
extreme variations of temperature, in order to accelerate
possible reactions between its components. For this, the six
samples were submitted to 6 cycles of 24 h at 45+2°C, and
24 h at —=5+2°C for 12 days and another eight remained at
room temperature (25.0 +2.0°C). Before and after the cycles,
the formulations were analyzed for appearance, color and pH
value, spreadability, viscosity, conductivity, AmB content, and
droplet size by optical microscopy (7,8).

Appearance, Color, and pH Value. The prepared emulgel
formulations were inspected visually for their appearance,
color, and pH. The pH of the emulgels was measured by a pH
meter, brand Marte, at a working temperature of 25 + 1°C (9).

Spreadability. The determination of spreadability was
performed according to the methodology previously de-
scribed in the literature (10). A base plate of glass was used
in the equipment, positioned on a scale millimeter paper and
a light source. The results were expressed as scatterability of
the sample as a function of the applied weight, according to
the equation below:

d*xm
4

Ei =

Ei is the spreadability (mm?) of the sample for a given
weight (g), and d is the mean diameter (mm).

Viscosity. Viscosity determination was performed using
the Quimis digital rotary viscometer, model Q-860M21, using
Spindle three (SP = 3) at rotations 6, 12, 30, and 60 rpm (11).

Conductivity. The test was carried out using the conduc-
tivity meter, brand Marte, model MB-11, in triplicate (6).

Assay. It was performed in UV-VIS spectrophotometry,
brand Shimadzu, model UV1800, in a previously validated
method. The wavelength of AmB quantification is 405 nm (12).

Droplet size by optical microscopy. The size and size
distribution of emulgel droplets were evaluated by light
microscopy using a micrometer ocular lens. At least 100
droplets/sample were considered (13).

Table 1. Details and composition of the 6 emulgel formulations

Materials Uses Amount in emulgel

F1 F2 F3 F4 F5
Soy lecithin + Isopropyl palmitate Oil phase 30% 30% 30% 30% -
Soy lecithin + Isopropyl myristate Oil phase - - - - 30%
Oleic acid Release enhancer 5% - - 5% =
Geraniol Release enhancer - 5% - 5%
Amphotericin B Active ingredient 3% 3% 3% 3% 3%
Polaxamer gel 20% quality sufficient for Aqueous phase 62% 62% 62% 62% 62%
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Drug Release Studies. In vitro release kinetics was
performed using Franz diffusion cells in the divisional area
of 1.5 cm?, volume +12 mL, and artificial cellulose acetate
membranes. The receiver compartment was filled with
phosphate buffer pH 7.4 in a system composed of six
individual cells bound to a thermostated bath at 37 +£0.5°C
under constant stirring at 100 rpm for a period of 6 h. 400 mg
of the formulation was used in the recipient compartment.
The collections (3 mL) were performed at the times: 0.5; 1.0;
1.5; 2.0; 4.0; and 6.0 h. The amount of drug released into the
recipient chamber was quantified by spectrophotometry
using a previously validated analytical method (8).

Analysis of Kinetic Models. The release study data were
adjusted to different kinetic models in order to evaluate the
model that best adapts to the results obtained. The zero order
model was used: Q=00+ KO0 #, Higuchi’s model: Qt=kH
(1°>; and the first order model:n Qr=1In Q0 + K1 ¢, where Q
is the amount of drug remaining to be released, QO is the
initial amount of drug, k is the release rate constant, and ¢ is
the time.

Statistical Analysis. GraphPad Prism version 5.0 program
was used for all statistical analyses. Student’s ¢ test was used
to compare the means between two formulations, always
comparing the samples before and after the freeze-thaw cycle.
P <0.05 was considered significant.

Evaluation of Antileishmanial Activity In Vitro

Obtaining Cells and Parasites. The Leishmania major
strain (MHOM IL/80/Friendlin) was used for evaluation of
the antileishmanial activity. The promastigote forms were
cultured in supplemented Schneider’s medium (10% fetal
bovine serum—FBS), 10,000 IU penicillin and 1000 TU
streptomycin, incubated in a B.O.D. oven at 26°C. Murine
macrophages were collected from the peritoneal cavities of
male and female BALB/c mice (4 to 5 weeks of age), after
previous (72 h) elicitation by application of 2 mL of 3%
thioglycollate intraperitoneally. The experiments were
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Fig. 2. Graph of the pH determination of the formulations before
and after the freeze-thaw cycle
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Fig. 3. Graph of the viscosity determination of the formulations
before the freeze-thaw cycle

approved by the Committee on Ethics in Animal Experi-
mentation of the Federal University of Piaui on 05/05/2017
through the Opinion/Resolution no. 265/16.

The Antileishmanial Activity of Promastigotes Forms of
L. major. The assay was performed with promastigote forms of
L. major in the log phase of growth. The parasites were seeded
in 96-well cell culture plates containing Schneider’s medium
supplemented in the amount of 1 x 10° Leishmania/100 pL of
the medium containing the placebo and 3% AmB + oleic acid
5% formulations previously added to the wells in triplicate and
serial dilutions were achieved, reaching eight ranges of desired
final concentrations (800 to 6.25 pg/mL). The plate was
incubated in a biochemical oxygen demand oven (BOD) at
26°C for 48 h, remaining 6 h at the end of this period, 20 uL of
1 x 107> mol/L resazurin was added, when incubated again at the
board. Plaque reads are performed on a Biotek 31 absorbance
plate reader (model ELx800) at wavelength 550 nm, and the
results were expressed in terms of inhibition of growth (%)
(1,14). The positive control was performed with 2 pg/mL AmB
in Schneider’s medium and the negative control was equivalent
to Schneider’s medium alone. In this case, 100% viability was
considered for the parasites (1,15).

Determination of Cytotoxicity

Macrophage Cytotoxicity and Selectivity Index
(SI). Evaluation of cytotoxicity was performed in 96-well
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Fig. 4. Graph of the viscosity determination of the formulations after
the freeze-thaw cycle
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Fig. 5. Graph of the spreadability of the formulations before the
freeze-thaw cycle

plates using the MTT assay. 2 x 10° macrophages per well were
incubated in 100 pL RPMI 1640 medium (supplemented with
10% FBS, 10,000 IU penicillin, and 1000 IU streptomycin) in a
37-°Cincubator and 5% CO2 for 4 h for cell adhesion. After this
time, the supernatant was removed for removal of nonadherent
cells. The formulation without enhancer and 3% AmB + oleic
acid formulations were diluted in supplementing RPMI medium
added to the plate containing the macrophages in serial
concentrations reaching eight ranges of final concentrations
(800 to 6.25 pg/mL) and incubated at 37°C and 5% CO2 for 48 h.
After this time, cytotoxicity was assessed by the addition of 10%
MTT [5 mg/mL] diluted in 100 pL of supplementing RPMI
medium and the plate was incubated again for 4 h at 37°C and
5% CO2. After this time, the supernatant was discarded and the
formazan crystals were dissolved by the addition of 100 pL of
DMSO. Finally, the absorbance (550 nm) was measured using a
Biotek plate reader (ELx800). The selectivity index of each
treatment was calculated by dividing the mean cytotoxic
concentration (CC50) observed in peritoneal macrophages of
BALB/c mice by the mean inhibitory concentration (IC50),
calculated for the different forms of parasite presentation (14).

Statistical Analysis. All assays were performed in tripli-
cate in three independent experiments. The mean inhibitory
concentration (IC50) and mean cytotoxic concentration
(CC50) with a 95% confidence limit were calculated using
probit regression from the SPSS 13.0 program. The selectivity
index was calculated by dividing the CC50 by the IC50.
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Fig. 6. Graph of the spreadability of the formulations after the
freeze-thaw cycle
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Fig. 7. Graph of the conductivity of the formulations before and after
the freeze-thaw cycle. * statistically significant difference for p <0.05,
using Student ¢ test, comparing the samples before and after the
freeze thaw cycle

Analyses of variance ANOVA followed by the Bonferroni
test were performed using the GraphPad Prism version 5.0
program, taking the value of p <0.05 as the maximum level of
statistical significance.

RESULTS AND DISCUSSION

Obtaining Emulgel from Amphotericin B

The amphotericin B formulations produced were yellow-
ish, glossy, and viscous sensory typical of an emulgel. Emulgel
is an emerging system for topical drug administration; are
water-in-oil or oil-in-water emulsions which are filled by
mixing a gelling agent. It is a suitable vehicle for hydrophobic
drugs; has a high acceptability to patients since it has the
advantages of gel and emulsion, such as thixotropic, easily
removable, and emollient (15,16).

After 24 h of preparation of the formulations, the
macroscopic analysis did not show any alteration of the
organoleptic characteristics. All the formulations were homo-
geneous, of yellow color, and characteristic odor, being sent
to the preliminary stability tests.
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Fig. 8. Graph of the AmB content of the formulations before and

after the freeze-thaw cycle
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Fig. 9. Droplet size distribution (um) by number of droplets observed for AmB formulations in the presence or not of chemical enhancer

Preliminary Stability

The stability test represents withdraw: “a crucial and”
crucial stage in the development and evaluation of medicinal
products since the instability of a pharmaceutical formulation or
preparation modifies essential requirements such as quality,
safety, and efficacy (17,18). Therefore, the formulations were
subjected to extreme temperature and centrifugation conditions
in order to accelerate possible processes of instability in the
formulation.

The first test performed to evaluate the preliminary
stability of the formulations with the exclusive character was
the centrifugation. After the emulgel formulations were
submitted to centrifugal force, no disruption of the polymer
chain of the emulgel was observed, that is, all formulations
were approved in the centrifugation test. However, the
absence of signs of instability in the emulgel does not ensure
its stability, but only indicates that the product could be
submitted, without reformulation, to other stress conditions,
such as the freeze-thaw cycle (19).
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Fig. 10. Graph of the amphotericin B release kinetics with the
different chemical enhancers (oleic acid and geraniol)

After the samples were submitted to the freeze-thaw
cycle test and at a centrifugal force of 3000 rpm for 30 min,
formulations 2, 3, 4, 5, and 6 showed phase separation, that is,
the test freeze-thaw cycle caused the desulphurization of the
emulgel polymer chain in these formulations.

The pH values obtained by direct potentiometry of the
emulgel samples before and after the freeze-thaw cycle
were plotted in Fig. 3. There was no significant variation of
pH in formulation 1, which indicates an initial compatibility
of the components of the formulation (Fig. 1). The pH of
the skin is slightly acidic and may range from 4.6 to 5.8
(15,20,21). All formulations presented pH values compati-
ble with the pH of the skin, proving to be promising for
topical use (Fig. 2).

The viscosity of the formulation is another factor that
affects the release of the drug since it can reduce the rate of
diffusion thereof, i.e., There is an inverse proportionality
between the viscosity and the release rate. The higher the
viscosity, the lower the diffusion of the drug (22). According to
Figs. 3 and 4, we observe that the viscosities of the formulations
reduce as the speed of rotation of the equipment increases. This
is characteristic of non-Newtonian systems (23).

In order for a body to flow, a force called shear force
must be exerted on it, which will generate a deformation
gradient. This is dependent on the internal resistance of the
substance. According to viscosity, we can divide the fluids into
two classes (according to their properties of fluids and
deformation): Newtonian and non-Newtonian. For Newto-
nian fluids, the viscosity value will be constant regardless of
the shear velocity (or stress). As for non-Newtonian fluids,
viscosity varies, as it depends on several factors such as
substance structure and resting time (24).

Semisolid preparations undergo strong influences on
scattering and adhesion in the skin, extrusion of the packages,
and release of active principles (25). The spreadability test
determines changes in the area of product coverage and may
facilitate or hinder the application of the product (26). The
spreadability tests performed showed that the relationship
between the areas and the limit stress of the prepared
emulgel were statistically the same. This confirms the results
observed in the viscosity tests.
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Table II. Kinetic parameters of the release profile of the Amb for different chemical enhancers in different kinetic models, zero order, Higuchi,
and first order and cumulative drug released in 6 h (Q6h)

Chemical enhancer Zero order Higuchi First order

J r? K1 J ? Kl J 2 kl
AmB without enhancer 3.65 0.989 3.0x107* 13.86 0.953 1.2x1072 17.01 0.856 1.4x1073
Oleic Acid 27.26 0.987 22x1073 103.60 0.943 8.6x107° 127.18 0.838 1.1x1072
Geraniol 7.71 0.988 6.4x107* 29.30 0.944 24x1073 35.95 0.840 3.0x1073

Qg cumulative drug release in 6 h, 7 determination coefficient, J flow (ug/cm2 /h)

When looking at Figs. 5 and 6, it is evident that in
formulation 4, there is a greater change in the occupied area,
showing its instability. The data concerning the spreadability
are important, because if the formulation produced has a
better surface area occupied regardless of the applied force, it
can be used more pleasantly at the time of its application on
the injured skin and in smaller quantity, leading to a
reduction of the consumption of this preparation with the
same therapeutic efficacy (19).

Only formulation 5 presented a statistically significant
difference in the conductivity analysis after freeze-thaw cycle
for p <0.05. A large variation in conductivity may be related to
loss of formulation stability (Fig. 7).

According to Fig. 8, it is observed that, on the content, there
was a statistically significant difference only for formulation 4
after the freeze-thaw cycle, considering p < 0.05.

In fact, phase separation in this formulation was visible
after the freeze-thaw cycle and even after shaking with a glass
stick and then weighing the sample to perform analysis of the
content, it was still heterogeneous macroscopically.

To analyze droplet size and distribution, the most
stable formulation of the study was chosen. According to
Fig. 9, it is observed that the formulations had a number of
droplets distributed basically in two sizes of droplets (0 to
5 pm and 5 to10 um). Photomicroscopic evaluations showed
the presence of spherical globules. The characterization of
the droplet diameter has been used in the investigation of
the physical stability. Instability phenomena of emulsified
systems such as aggregation, flocculation, and coalescence
can be monitored through the evolution of the mean
diameter as well as the droplet size distribution (19).

In fact, the droplet size is one of the important
parameters in the evaluation of the physical stability of the
formulation, since the phenomena like flocculation and

coalescence can be monitored by the evolution of the
average diameter as well as the distribution of this. The
incorporation of drugs can influence the droplet diameter
and distribution (20,27,28).

The use of in vitro drug release assays has assumed
increasing importance as it allows the control of the
production and the finished product and validates changes
made in the product, after commercialization, as well as
modifications introduced during the processes of increase of
the scale of production. The release studies are also of
fundamental importance for determining the behavior of
the drug in relation to the vehicle and the system in which it
is incorporated, allowing to verify even the existence of the
interaction between the active and the components of the
formulation (29).

Among the tests carried out, in the kinetics of in vitro
release by means of Franz cells, it was observed that the
formulation containing oleic acid at 5% presented the
highest AmB release being stable after the freeze-thaw
cycle (Fig. 10).

Terpenes are a popular choice for chemical enhancers
in transdermal drug delivery studies. The effect of a specific
terpene on the skin depends on its exact physicochemical
properties, in particular, its lipophilicity. In general, smaller
terpenes with non-polar groups are better skin chemical
enhancers such as oleic acid (30). Oleic acid is a chemical
enhancer because it reversibly induces a temporary increase
in skin permeability. Studies report their action from the
1% concentration (31). Considering the analyzed parame-
ters, it was observed that the formulations have different
release profiles. It can be observed in Table II that all the
formulations presented a better adaptation to the mathe-
matical model of order zero. This model can be used to
describe the diffusion of the drug from various types of

Table III. Antileishmania activity, cytotoxic effects on mammalian cells, and calculated selectivity index values for Pbc, AmB, AmB 3% with
oleic acid 5%

Substances Promastigotes Macrophages Selectivity index
CIs()ug/mL CC;()ug/mL 1S

Pcb > 800 > 800 ND

Amb3% oleic acid 5% 17,164 735,041 42,822

AmB 1742% 8750? 5022¢

ND not determined
“ ALVES et al., 2017
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Fig. 11. Antileishmania and cytotoxic activity of the formulation AmB 3% oleic acid 5% on promastigotes
and L. major forms. The parasites (1 x 10°) were exposed to different concentrations of the substances.
AmBc was used as a positive control at the concentration of 2 pg/mL. Macrophages were plated (2 x 10%)
and exposed to serial concentrations of the formulation. One-way ANOVA was performed, followed by the
Bonferroni multiple comparison post-test, assuming the * p <0.05 vs. control; ** p <0.01 vs. control; ***
p<0.001 vs. control. The results represent the mean + SEM of the experiments performed in triplicate

modified release dosage forms, as in the case of some
transdermal systems. Pharmaceutical dosage forms follow-
ing this profile release the same amount of drug per unit of
time and are the ideal method of drug release in order to
achieve a prolonged pharmacological action (32).

Thixotropic products tend to have a longer shelf life
because during storage they have a constant viscosity, which
makes it difficult to separate the constituents of the formula-
tion. In addition, they deform during application, become
more fluid facilitating the spreading and recovering the
viscosity at the moment of the application (33). Formulation
1, which contains oleic acid as a chemical enhancer, presented
with characteristics indicating better physicochemical stability.

Taking into account the in vivo studies performed, the
use of oleic acid as a chemical promoter improved the
therapeutic response, corroborating with the results of the
kinetic study of AmB release (6).

After the physical-chemical tests and the in vitro
release study, the formulation that presented the best results
was the 3% AmB formulation with 5% oleic acid, where the
oil phase was composed of soybean lecithin and isopropyl
palmitate (formulation 1). In vitro antileishmania activity
tests proceeded with this formulation.

Antileishmanial Activity on Promastigote Forms of L. major

The formulation containing AmB 3% and oleic acid
5% inhibited the growth of promastigotes of L. major in a
concentration-dependent manner. 100% inhibition of the
concentration of 800 pg/mL was observed after 48 h of
incubation, resulting in an IC 50 value of 17.164 pg/mL.
Positive control AmB at 2 pg/mL inhibited about 84% of
parasite growth with IC50 value of 1.742 pg/mL (1).

According to Table III, in evaluating the cytotoxicity on
peritoneal macrophages of BALB/c mice, the formulation of
3% AmB and 5% Oleic acid significantly reduced the toxicity
compared to AmB. In this study, we obtained a value of CC50

for the formulation of AmB 3% oleic acid 5% 735.041 pg/mL,
while the value of CC50 for AmB is 8.750 ug/mL (1).

The selectivity index was evaluated, our formulation
was about eight times more selective for the parasites than
for the macrophages, whereas the selectivity of AmB is only
5.022. One of the major drawbacks of treatment of the
disease with AmB is the side effects that this drug produces
(34,35) and one of the reasons for these effects is the lack of
drug selectivity. In this study, a topical formulation based on
3% AmB and 5% oleic acid, which was able to reduce the
cytotoxicity of the conventional drug and yet with potential
activity against the parasite (Fig. 11), was developed.

CONCLUSION

It is concluded that amphotericin B emulgel presents
better physicochemical stability when associated with oleic
acid as a release enhancer, was better adapted to a zero
order kinetic model, indicating a controlled release profile,
where it is independent of concentration and presents
potential activity against the parasite in vitro with a
significant reduction of cytotoxicity on murine macrophages,
indicating that the formulation is promising as a new
therapeutic alternative for cutaneous leishmaniasis.
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