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SUMMARY

The aim of the present work was to develop a ME for topical delivery of Ampho-
tericin B (AmB). Microemulsions (MEs) are versatile systems to solubilize drugs due
to the presence of both a hydrophobic and a hydrophilic region, as well as a distinc-
tive interface composed of surfactant and cosurfactant. MEs have been reported for
many advantages for topical application of drugs. Considering that AmB has very
low water solubility a screening of surfactants and oils was performed. A gel-like
ME system, that can be applied topically without the need for thickeners agents, was
selected. AmB was incorporated up to 1 mg/g and remained stable for at least 90
days both at 4 °C and room temperature, so this formulation would be appropriate
as a compounding medication. An iz vitro skin penetration test was performed, the
applied dose penetrated (10.16 + 0.01 pg/cm?/h as estimated flux) and remained
completely within the skin during the assay; AmB was not detected in the receptor
compartment. [z vitro antifungal and antileishmanial activity was tested and drug
showed proper activity. AmB is a second line drug for the treatment of cutancous
leishmaniasis, but topical dosage forms are still lacking. This system is potentially

useful for the treatment of skin infections avoiding drug toxic systemic effects.

Key words: Gel-like microemulsion, amphotericin B, topical delivery, cutaneous

leishmaniasis.
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RESUMEN

Una nueva microemulsién tipo gel para la
aplicacion topica de anfotericina B

Se desarrollé una microemulsién (ME) para la aplicacién tdpica de anfotericina B
(AmB). Las ME son sistemas versdtiles que facilitan la solubilizacién de principios
activos y, ademds, presentan muchas ventajas para aplicar fdrmacos en forma tépica.
La AmB posee muy baja solubilidad en agua, por lo cual se realizé una evaluacién
de su solubilidad en distintos aceites y surfactantes. Se confeccionaron diagramas
ternarios de fase y se seleccioné una ME-gel que puede ser aplicada tépicamente sin
el agregado de agentes espesantes. Se solubilizé hasta 1 mg/g de AmB vy el firmaco
permaneci6 estable durante al menos 90 dias a 4 °C y a temperatura ambiente,
por lo cual esta formulacién serfa apropiada como un medicamento magistral. El
estudio iz vitro de permeacidn en piel mostr6 que la dosis aplicada penetré comple-
tamente (flujo estimado de difusién 10,16 + 0,01 pg/cm?/h) y permanecid retenida
en la misma durante el tiempo de estudio sin detectarse AmB en el compartimento
receptor. La actividad antifingica y antileishmania 7 vitro fue adecuada. La AmB
es una droga de segunda linea en el tratamiento de la leishmaniasis cutdnea; sin
embargo, no se dispone de preparados para uso topico. Esta formulacién serfa til para

el tratamiento local de las infecciones de piel, evitando efectos adversos sistémicos.

Palabras clave: microemulsion tipo gel, anfotericina B, aplicacién tdpica, leishma-

niasis cutanea.

INTRODUCTION

Microemulsions (MEs) are defined as translucent isotropic thermodynamically stable
systems composed of an oil phase, an aqueous phase, and a mixture of a main surfactant
and a co-surfactant. MEs can be prepared from a wide variety of oils and surfactants.
For some time now, MEs have been extensively studied because of their advantages
such as increased solubility of drugs, stability and easy preparation. On account of
their versatility and biocompatibility MEs have been investigated for parenteral, oral
and topical administration. Several authors have studied MEs potential to improve
topical and transdermal administration of drugs in comparison with other conven-
tional vehicles. The increased efliciency of penetration-permeation of the drugs carried
into MEs can be attributed to the combined action of composition and structural fac-
tors. Due to the presence of hydrophilic and lipophilic domains, it is postulated that
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ME:s can interact with both lipids and proteins of SC; several mechanisms have been
proposed to explain the role of ME:s for the skin penetration and transdermal passage
of drugs. Many hydrophilic and hydrophobic drugs have been incorporated in MEs to

increase penetration and skin permeation [1-10].

Although MEs are homogeneous systems in sight, microscopically they are dynamic
heterogeneous systems in which the interface spontaneously fluctuates. A surfactant
dispersed in an aqueous media would associate in different equilibrium phases,
depending on van der Waals forces and the system entropy. During ME formation the
increase in interfacial area is very important (in the order of 10% - 10°) due to the great
number of new droplet. Surfactants generally orientate in order to optimize solvation
and reduce free energy, so surfactant-cosurfactant mixture is located at the interface.
Three main types of MEs can be formed: o/w or w/o depending whether the inter-
nal phase is oil or water, and bicontinuous ME when surfactants form a continuous
domain along the oil-water interface with a zero net curvature [10-12].

According to some researchers a gel-like ME is an o/w system where there is a strong
hydration of the surfactant hydrophilic chains, which connect themselves through
hydrogen bonds resulting in a strong interaction among droplets that modifies ME
viscosity [4, 13]. It has also been described that less ordered MEs are more fluid, while
those more ordered (cubic and hexagonal phases) show the elastic properties of solids
[14, 15]. Another case is that of lecithin, which forms cylindrical or worm-like micelles
in MEs with low water content, whose interactions tend to produce a large increase in
the viscosity of the system [16, 17]. Gel-like ME systems are useful for topical applica-
tion without the need of an additional viscosity modifier, also they may enhance drug
residence time and regulate drug release in some cases [18].

The polyene macrolid antifungal Amphotericin B (AmB) has a very low solubility
in water (1 pg/ml) at physiological pH and is unstable in solution, also AmB causes
many adverse effects when administered by parenteral route. Many strategies have been
attempted to get over these problems; although some of them have improved AmB
therapeutic index and reduced adverse effects, they resulted in expensive medications
or higher required doses. AmB is used for invasive infections caused by Candida spp.
and Aspergillus spp., and is a second line drug for Leishmania spp. parasites [19, 20].

Cutaneous leishmaniasis (CL) is the most prevalent clinical form of the disease caused
by Leishmania spp. CL has been treated so far with sodium stibogluconate and meglu-
mine antimoniate as first line treatment but there is concern about adverse effects such
as cardiotoxicity, liver and kidney failure, and the emerging resistance favored by low
patient compliance to long parenteral treatments; there is a need for new drugs or more
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cost-effective therapies with improved formulas. Although CL is usually self-limiting,
the goal of the treatment is to prevent disfiguring lessons and the development of more
serious forms of disease [21-24]. In some cases of CL drugs were administered locally
intralesion; AmB in lipidic formulations with the addition of ethanol was shown to be
effective for the local treatment of CL and it was reported the case of a pediatric patient
with persistent CL whose lesions healed after a 3-week topical treatment with AmB
cholesteryl sulfate with the addition of ethanol 5% [25-27]. Although progress was
made in the knowledge of the pathology, we are still in need of greater commitment
for the prevention and control of this neglected disease that mainly affects the poor-
est regions of the world. In early stages of the disease or cases with no risk of systemic
complication topical treatment would offer lower toxicity, ease of administration, bet-
ter patient compliance and lower costs. The aim of the present work was to develop a
topical ME to deliver AmB, evaluate stability, 7% vitro activity and skin penetration.

MATERIALS AND METHODS

Materials

Ampbhotericin B (AmB) Alpharma, was kindly supplied by Unifarma SA, Argentina;
Polyoxyethylene (10) oleyl ether (Brij® 97) and Polyoxyethylene (4) lauryl eter (Brij®
30) were kindly provided by Croda LA; lauryl alcohol 2 OE (Dehydol® LS 2 HN),
and oleth-5 (Emulgin®O5) were supplied by Cognis Argentina. Sorbitan monooleate
(Span® 80) was purchased from Droguertfa Saporiti, Argentina; castor oil and Car-
boxymethyl cellulose sodium (CMC) were purchased Fabriquimica S.R.L., Argentina.
Mygliol® 812 (capric-caprylic triglicerides) was provided by Phoenix Laboratory,
Argentina. Amphotericin B Deoxycholate Northia® (L: 695), Argentina. Isopropyl
myristate (IPM), sweet almond oil, jojoba oil, soya oil, Tween® 80 and all other rea-
gents were of pharmaceutical or analytical grade. Full-thickness skin for percutaneous
absorption test was excised from 4-month-old domestic pig ears from a local commer-
cial supplier (Nueva Granja Burzaco; Rauch, Buenos Aires Argentina). Other mate-
rials including Candida species and L. brasilensis can be found in the corresponding
method sections.

Determination of AmB solubility in surfactants and oil phases

AmB solubility was determined by adding an excess of drug (20 mg) to 10 g of selected
oils or surfactants into a glass vial (z = 3). Vials were protected from light and kept
under magnetic stirring at room temperature for 96 h. Then, the equilibrated mixtures
were centrifuged at 2500 rpm for 15 min and the supernatant was taken and filtered

through a 0.45 pm PTFE (Millipore) filter. A 200 pl aliquot was transferred into a
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10 ml volumetric flask and volume was adjusted with either a mixture of methanol:
chloroform (50:50) or pure methanol according to excipient miscibility or solubility.
AmB concentration was determined by UV spectrophotometry (UV-VIS Spectropho-
tometer Shimadzu UV-260) at 406 nm, calibration curve of AmB in methanol (range
0.5-10 pg/ml; r*= 0.9995-1.000) and methanol: chloroform (range 1.0-20 pg/ml; r*=
0.9910). Blanks were prepared for the same dilutions of each oil or surfactant in meth-
anol or solvents mixture, as appropriate.

Pseudoternary phase diagrams

Pseudoternary phase diagrams were constructed to determine ME areas for the fol-
lowing surfactant: cosurfactant (S+CoS) ratios (w/w) 1:1; 1:2; 1:3; 2:1 and 3:1. The
surfactant was selected on results of the solubility study and ethanol was included as
cosurfactant. Mixtures were added to IPM as oily phase for the ratios: (S+CoS:IPM):
9:1; 8:2; 7:3; 6:4; 5:5; 4:6; 3:7; 2:8; 1:9. Samples were prepared at room temperature.
The appropriate amount of reagents was weighed and mixed gently. Then, distilled
water was added dropwise, with mild magnetic stirring until visual change of an iso-
tropic transparent to opalescent — turbidity transition. Visual observation was made
and recorded as transparent isotropic fluid o/w ME, transparent isotropic o/w gel
(gel-like ME) or milky emulsion. We searched for o/w ME areas (isotropic and fluid)
and o/w gel-like ME (isotropic gel). Limits for each phase were established by visual
observation of transition transparency-turbidity; there was no intention to identity
other phases.

Preparation of AmB loaded gel-like ME

Gel-like ME was prepared by first mixing surfactant with cosurfactant and then this
mixture was added to IPM in a water bath at 40 °C, with mild stirring. Distilled water
was slowly added dropwise with continuous mixing. Then sample was removed from
the water bath and subsequently AmB was added. The preparation was kept protected
from light under mild magnetic stirring until total dissolution of AmB.

Amphotericin B concentration and stability

AmB-loaded gel-like ME was centrifuged 30 min at 2500 rpm to evaluate signs of
separation or drug precipitation. Drug concentration in the selected gel-like ME sys-
tem was determined at the time of preparation; about 100 mg of the gel-like ME was
exactly weight and diluted to 10.0 ml with methanol. The sample was stirred until
complete dissolution of gel-like ME. AmB concentration was determined by UV spec-
troscopy (see above).
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For stability study samples were stored at room temperature, at 4 °C and 40 °C. At fixed
intervals samples were observed for signs of separation or drug precipitation and an alig-
uot of about 100 mg was exactly weight and put into a glass vial with 10.0 ml of metha-
nol. Sample was left under magnetic stirring for complete dissolution and AmB was
determined by HPLC (Shimadzu SPD-10 A vp Uv/Vis Detector). A Microbore C18
(150 x 2.0 mm, 3 {,Lm) Waters Spherisorb® S$3 ODS2 column was used with an isocratic
mobile phase composed of acetonitrile: disodium edetate 2.5 mM (45:55) [28]. The
injection volume was 20 pl and the flow rate was 0.4 ml/min. UV detection was set at
382 nm and retention time was 4.0 + 0.1. Linearity curve was determined for the range
0.06-1.60 ug/ml (r*=0.9989). External standard wasalso used during the measurements.

Gel-like ME characterization

Phase-contrast and polarized light microscopy

Phase-contrast and polarized light microscopy was used to microscopic observation
of the gel-like ME. Observations were made at 200X magnification using an Axioskop
2 Plus, Zeiss, Germany, equipped with a Sony Exwave HAD video camera to collect
digital images (768 x 494 pixels). A small quantity of sample was placed on the on the
glass-slide and covered with a cover slip without any additional treatment. The glass-
slides were previously cleaned with ethanol and acetone.

Refractive index

Refractive index was measured with an Officine Galileo Refractometer (E,=-0.0002)
at room temperature without any treatment of samples. Determinations were made
at initial time (48 h after preparation), 1 and 3 months for samples stored at room
temperature and at 4 °C. Refractive indexes of distilled water and glycerin were also
determined at each control time as references. Results are given as mean + SD (7 = 3).

Conductivity

Conductivity was determined for the blank and AmB-loaded gel-like ME with no
additional treatment at initial time (48 h after preparation), 1 and 3 months using a
thermo-conductimeter Antares I'V; Parsec SA, Argentina. Results are given as mean +

SD (n=3).

pH determination

Sample pH was determined at 25 °C with a pH-meter TPA III Altronix. Before meas-
urement samples were diluted 1/10 with distilled water adjusted to neutral pH 7.10 +
0.02. Results are given as mean + SD (7 = 3).
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Viscosity and Rhbeology
Rheological behavior of Amb-loaded gel-like ME was evaluated. Samples stored at

room temperature and 4 °C were assayed after a week of preparation in order to evalu-
ate if storage conditions affects the gel-like structure and viscosity, and also because it
is recommended to store AmB preparations in the refrigerator. A rotational viscometer
was employed (Brookfield PVT synchro-Lectric viscometer). Viscosity was measured
through the rotation speed of the spindle number 6 immersed in the sample. The test
was carried out at 25 + 1 °C and the spindle was rotated at 0.5 rpm. The readings were
made after ten minutes. The rheological behavior was evaluated by increasing velocity
(0.5- 1-2.5-10 and 20 rpm), readings were made after 5 min at each frequency.

In vitro skin penetration-permeation study

In vitro skin penetration-permeation experiments were performed on Franz diffusion
cells using pig ear skin. Pig ears were obtained from a local pork slaughterhouse for
human feeding. However, approval has been obtained from the Ethical Committee
for the Care and Use of Laboratory Animals of the Faculty of Pharmacy and Biochem-
istry, University of Buenos Aires (N° 170511-2). Skin was excised from 4-month-old
domestic pig ears, obtained from alocal commercial supplier. The pigears were cleaned
under running water immediately after excision. The hair from the outer region of the
cars was removed and then the skin was carefully separated from cartilage using a scal-
pel. Subsequently, adipose subcutaneous tissue was removed; full-thickness skin was
used with a surface area of 3.14 cm?, thickness of 1 mm for all the samples was control-
led with a vernier. After being dried with a tissue, the skin was immediately mounted
on the diffusion cells or frozen at =20 °C for a maximum period of 4 weeks [29, 30].

The skin was placed horizontally on Franz diffusion cells, between the donor and recep-
tor compartments. Sink conditions were obtained in the receptor compartment by
phosphate-buffered saline (PBS; pH 7.4) with 1% sodium lauryl sulfate (PBS-LSNa);
solubility in receptor media was previously determined. The volume of receptor fluid
was 15 ml. The receptor compartment was continuously homogenized using a stirring
magnetic bar and the temperature was kept at 32 °C using a water circulation system.
The skin mounted in the cell was allowed to rest for an hour in contact with receptor
media before the application of the samples. Gel-like ME loaded with AmB 1 mg/gand
AmB Deoxycholate hydrogel were assayed simultaneously. For the hydrogel prepara-
tion AmB Deoxycholate marketed formulation was reconstituted with distilled water,
according to instructions, and thickened with CMC 2%. Experiments were performed
applying 200 ug of AmB as dose for both formulations.
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Serial sampling (6 ml) was performed after 0.5, 1, 2, 4 and 6 h, and fresh receptor lig-
uid was added to receptor compartment in order to replace the buffer. Aliquots were
filtered by 0.45 um nylon filter (CAMEQ) and analyzed by HPLC as described above;
retention time for samples in PBS-LSNa was 3.4 + 0.0 min.

After the experiment, the remnant of the dosage form on the skin was put in a glass
vial, skin was washed twice with methanol to recover any rest of the applied dose and
the used spatula was also washed so as to collect the dosage form completely. The final
volume was adjusted with methanol and the mixture was stirred at 2,500 rpm for 1 h.
The solution was filtered and AmB was quantified by HPLC (method was previously
assayed for drug recovery). Skin drug penetration, considered as the amount retained
within the skin, was calculated by difference between the total dose applied and the
sum of the amount that permeated plus the amount present in the remnant sample
over the skin. After cleaning the skin as mentioned above stratum corneum (SC) was

separated by stripping method [31].

Adbhesive tape 3 M Scotch was used to remove SC layers, consecutive adhesive tape
strips 1-7 and 8-12 were put in separate vials containing 10.0 ml of methanol and were
left under magnetic agitation at room temperature for 24 h and then vortexed for 1 min;
after that an aliquot was taken and filtered by 0.45 um before analyzing. The remain-
ing stripped skin (viable epidermis and dermis; VED) was minced and placed into a
vial containing 10.0 ml methanol and treated with an Ultraturrax® T25 Basic (IKA
Labortechnik, Germany) with an ice bath, 2 min at 19000. Samples were then left in a
shaker at room temperature overnight to ensure adequate extraction of the drug from
the skin; after that time samples were centrifugated at 2,500 rpm and supernatants

were filtered by 0.45 um nylon filter and presence of AmB was determined by HPLC.

In vitro antifungal activity

The minimal inhibitory concentration (MIC) of AmB-loaded gel-like ME was deter-
mined according to M27-A3 CLSI method for several strains of Candida and different
patient isolates [32]. A suspension of Candida (1 x 10° UFC/ml) was incubated with
100 ml of solutions with different concentrations of the antifungal in DMSO ([32]
0.06 mg/ml) or the corresponding dilutions of gel-like ME in a 96-well plate at 35 °C
for 48 h. Visual readings were performed after 24 and 48 h. AmB deoxycholate from
market (Anfotericina B Northia®, Argentina), AmB standard used as reference in the
microbiological lab and AmB raw material used for the preparation of gel-like ME
were tested as controls. The MIC was defined as the lowest drug concentration inhibit-
ing clearly visible growth of the fungi. 100 ml of RPMI-solvent without AmB and 200
ml of RPMI-solvent were placed in wells for growth control and for sterility control,
respectively. Blank gel-like ME was tested as negative control.
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In vitro antileishmania activity

(*H) thymidine incorporation assay was performed on L. brasiliensis promastigotes
(M2903 strain). Exponentially growing parasites were centrifuged at 1200 g for 15
min, adjusted to a cell density of 10°-107parasites/ml in fresh LIT medium supple-
mented with 10% decomplemented fetal bovine serum (Gibco), 100 U/ml penicillin
and 100 pg/ml streptomycin. Parasites were seeded in a 96-well microplate (150 pl
per well) in presence of 1 uCi (*H) thymidine (*H-T; Perkin Elmer) and allowed to
grow incorporating *H-T during 16 h. Counts per min (cpm) of triplicate cultures
were measured by an automated liquid scintillation counter (Packard, Downers Grove,
IL). Parasites drug susceptibility was assayed for dilutions (ethanol: water) of AmB
loaded gel-like ME and AmB Deoxycholate as reference during 72 h. For the last 16 h
of culture, cells were pulsed with 1 uCi per well °H-T. Medium and ethanol:water were
assayed as control of 0% of parasites inhibition [33].

Skin irritation test

Albino male rabbits weighing 1.8-2 kg were used. The experiments were carried out
taking into account international guiding principles and local regulations concerning
to the care and use of laboratory animals for biomedical research. The experiments
were approved by the local Ethics Committee (Exp-FyB: 00747495/2012). The ani-
mals had free access to a standard commercial diet and water ad libitum and were kept
in room maintained at 22 + 1 °C with a 12-h light/dark cycle.

The irritancy of formulation was determined based on the method described by Draize
et al. The backs of six animals were clipped free of hair 24 h before the beginning of the
assay. Gel-like ME loaded with AmB 1 mg/g was tested on two one inch square sites on
the same animal; one site was intact and one was abraded in such a way that the stratum
corneum was opened but without bleeding. Formulations were tested undiluted (0.5
g). Each test site was covered with two layers of one inch square surgical gauze secured
in place with tape. The entire trunk of the animal was then wrapped with rubberized
cloth in order to retard evaporation and hold the patches in one position. 24 h after
application, the wrappings were removed and the test sites evaluated for erythema and
edema. Evaluations of abraded and intact sites were separately recorded. Test sites were
evaluated again 48 and 72 h after application by the same procedure. Maximal score
was set in 8. The criterion for skin irritation intensity was assumed as follows: < 0.5 no
irritation, 0.5-3 slight irritation and > 6 severe irritation [34, 35].

Statistical Analysis

Data were analyzed using software MS Excel 2007 Data Analysis Add-In programme.
T-Student test was performed to see any significant difference (p < 0.05).
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RESULTS AND DISCUSSION

AmB solubility in surfactants and oil phases

ME:s are an interesting system to solubilize poor water soluble drugs so AmB solubility
was assayed in several surfactants and oils. Table 1 shows AmB solubility in oil phases
and surfactants. AmB proved to be poor soluble in the assayed oils. Among surfactants
Emulgin®O5,apolyoxyethyleneoleyleter, turnedouttohavethebestsolubilizingcapacity.

Table 1. Amphotericin B solubility in different oils and surfactants.

Excipient Solubility Excipient HLB Solubility
(oily phase) (ug/ml) (surfactant) (ug/ml)

Castor oil <1.0 Tween® 80 15.0¢ <05
Sweet almond oil <1.0 Brij®97 12.4* | 8.02+0.51
Jojoba oil <1.0 Br1]®30 (laureth_4) 9.7* <05
Soya oil <1.0 Emulgin® OS5 9.0 51.13+2.3
Mygliol® 812 <10 Dehydol® LS 2 HN 6.4° <05
Isopropyl Miristate <1.0 Span® 80 4.3 6.01 £ 049

*Handbook of Pharmaceuticl Excipients. 6™ Ed. (2009) Rowe RC, Sheskey PJ y Quinn ME. APhA- Pharmaceutical Press
(UK-USA); ® Calculated according to Pasquali e# 4/. Int. J. Pharm. 356 (1-2): 44-51 (2008).

Phase diagrams and gel-like ME selection

In the search for an extemporaneous formulation with better drug stability we made
the attempt to solubilize AmB in ternary mixtures of oils and surfactants studied as
potential SMEDDS (self micro-emulsifying drug delivery system) to form ME by
water addition. However, the assayed mixtures were not able to significantly enhance
drug solubilization. Therefore we searched for ME containing Emulgin® 05, the sur-
factant in which AmB showed greatest solubility. Ethanol was selected as cosurfactant
because as previously mentioned some studies reported that AmB formulations mixed
with ethanol were effective for the local treatment of CL. Phase diagrams were con-
structed with EmulginOS, ethanol and IPM was selected as oil phase. Figure 1 shows
ME and gel-like ME areas for different ratios S-CoS.

Soy oil was also tested as oily phase but MEs containing this oil were not able to
significantly enhance AmB solubility and they had low stability; glyceryin, propyl-
ene glycol and diethyleneglycol monoethyl eter (Transcutol® P) were also assayed as
cosurfactant but they did not form stable MEs with acceptable surfactant concentra-
tion (data not shown).
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a) s+coS b) s+coS c) s+coS
® Sclected ® Isotropic ® [sotropic
formula system system
Gel-like ME
e [sotropic
system
water oil  water oil  water oil
d) s+coS e) s+coS

Gellike ME * Gellike ME
® [sotropic
system
water oil  water oil

Figure 1. ME and gel-like ME areas for different ratios surfactant-cosurfactant (S-CoS). a: 1:1; b:
1:2;¢: 1:3;d: 2:15e: 3:1.

A gel-like ME system (so called /ike-gel ME) was selected because it of its suitability
to be applied on the skin without the need of additional viscosity modifiers. The ratio
surfactant: cosurfactant was set 1:1 in order to use the formulation with less surfactant
content for low skin irritancy. Among ME areas found, w/o ME were not selected
because of the low oil solubility of AmB and because they are also less comfortable for
topical application than o/w ME. An o/w gel-like ME (IPM 5%, Emulgin®O5 20%,
Ethanol 20% and distilled water gs 100%; Figure 1a) was selected as optimum candi-
date for further study as it was the one that remained more stable during macroscopic
observation and the one that allowed greater drug loading during preliminary evalu-
ation of possible compositions. When preparing MEs temperature and mixing speed
can affect the formation of an isotropic phase. For the gel-like ME is very important
to keep mild stirring while adding slowly the aqueous phase, otherwise high stirring
velocity would lead to hazy system because of the entrapment of air, and the translu-
cent system is reached after leaving the system to equilibrate.

Ternary mixtures were not able to enhance AmB solubilization; therefore, AmB was
incorporated to the whole prepared gel-like ME. It is to remark that a greater quantity
of AmB solubilized in the complete ME than in the surfactants mixture, this fact may
be explained by the amphiphilic and amphoteric nature of the drug (pKa -COOH 5.7
y pKa-NH, 10.0), so drug would locate in the interface with the surfactant monomers,
thus leading to a greater solubility in the complete ME containing the aqueous phase.
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Similar results were reported for lecithin based formulations and other amphiphilic
association systems for AmB [36-38].

Amphotericin B concentration and stability

Blank gel-like ME and AmB loaded samples showed neither changes nor precipitated
drug after centrifugation test. The selected formula solubilized up to 1 mg/g of AmB
(1.00 £ 0.06 mg/g) at time 0. Samples stored at 4 °C were stable for at least 3 months,
AmB concentration > 90% (97.96 + 5.99%) and no macroscopic change was observed,
whereas the drug content for samples at room temperature was 94.97 + 7.12% after
that period of time and the gel structure became more fluid. On the contrary AmB
concentration in samples stored at 40 °C was 88.69 + 4.08% after one month of stor-
age and also drug precipitated was observed at the bottom of vials.

Since AmB desoxycholate forms weak micelles with poor stability after reconstitution,
reconstituted preparation has to be used within a week therefore the use of AmB des-
oxycholate marketed formulations for topical application as was reported elsewhere
would be less convenient; the type of ME presented here may offer an alternative for
topical treatment and according to stability AmB loaded gel-like ME could be pre-
pared as a compounding formulation.

Gel-like ME characterization

Macroscopic aspect of gel-like ME is shown in Figure 2. Figure 3 shows microscopy
images of loaded gel-like ME, blank samples showed no difference. Even though the
system is macroscopically isotropic, round structures could be observed due to birre-
fringence when visualized by phase-contrast and polarized light microscopy.

The structural characteristics and mechanical behavior depend on the composition of
the system. It is known that less ordered ME usually have low viscosity, whereas the
more ordered hexagonal o cubic phases show viscoelastic properties of a jelly-like phase
[15, 36]. According to some authors, ME viscosity may be due to the oily phase prop-
erties and the diameter of internal phase droplets; in diluted ME the small number
of droplets had no important effect on viscosity, however when the number of drop-
lets raise, droplet-droplet interactions become prevalent and the friction can lead to a
raise in viscosity [14]. Another assumption is that in o/w systems with more than 50%
of water, hydrophilic groups of surfactant are highly hydrated and interconnected by
hydrogen bond, which lead to a gel structure [13]. The behavior seen in the ME pre-
sented herein, is possibly in accordance to a ME with sodium dodecyl sulfate and etha-
nol for which a viscous region was described, called region S, as a stable viscous region
where phases L4 and La (vesicular and lamellar phase) coexist. That region S viewed
by polarized microscopy showed large spherules dispersed in a continuous isotropic
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Figure 3. Microscopic images of AmB-loaded gel-like ME. a: phase contrast microscopy; b: polari-

zed light microscopy (200X).

medium, being the weak birefringence due to the presence of such spherules. ME with
low ethanol content are turbid and they get clear as ethanol content or temperature
raise and the viscosity of the ME in this region is considerably affected by the prepa-
ration method [39]. In our study, images seen by phase contrast and polarized light
microscopy would be consistent with this type of system. It is also important to con-
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sider that drug itself may alter phase behavior when it has surfactant property; however

in this case AmB did not alter the gel-like ME despite of being amphiphilic.

Physicochemical parameters are shown in Table 2. RI (refractive index) was no modi-
fied by the incorporation of AmB. Readings remained water< gel-like ME <glycerin
during the period assayed. pH of blank sample was lower than the one loaded with
AmB. The selected gel-like ME showed electroconductivity according to o/w ME,
despite the non-ionic nature of main surfactant (parameter was assessed without the
addition of electrolytes) and the viscosity of the sample. Conductivity was similar for
the blank formulation than the loaded one (no significantly difference, p > 0.05), so we
conclude the drug did not affect the external phase of the ME.

Table 2. Gel-like ME physicochemical characterization.

Blank gel-like ME
Storage 4°C 25°C
condition
Time (m) 0 1 3 1 3
Parameter
pH 6.29 +£0.09 --- 6.15+0.10 - 5.76 £ 0.07
RI 1.3767 + 1.3767 + 1.3766 + 1.3779 + 1.3783 +
0.0007 0.0004 0.0004 0.0003 0.0023
Conductivity 69.50 + 6.27 --- 51.90 + 0.10 - 50.96 £ 0.10
(uS.cm™)
AmB-loaded gel-like ME
pH 7.33+0.18 --- 7.3440.06 --- 6.18+0.01
RI 1.3769 + 1.3776 + 1.3774 + 1.3769 + 1.3786 +
0.0005 0.0004 0.0001 0.0004 0.0019
Conductivity =~ 55.17 £5.95 --- 49.05 + 0.45 - 48.95+0.55

RI: refractive index; water RI = 1.3332 + 0.0003; glycerin RI = 1.4718 + 0.0001.

At the time of preparation the gel-like ME appears as a soft gel, both blank and the
loaded one, that can be rotated in the beaker but samples showed a more rigid appear-
ance after storage at 4 °C. AmB-loaded gel-like ME showed a pseudoplastic behavior
without thixotropy (Figure 4). Samples stored at room temperature were visibly less
viscous after three months and the system could easily flow through the vial wall. On
basis of stability of AmB and gel structure, this formulation should be store at 4 °C.
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Figure 4. Rheological behaviour of AmB gel-likeME, a: ascending rotational speed; d: descending

rotational speed.

In vitro AmB penetration-permeation

Study showed that AmB penetrated almost completely within the skin (99.23 +
0.06%) without permeation to receptor fluid during the time of assay after application
of AmB-loaded gel-like ME; the estimated rate of penetration into the skin was 10.16
+0.01 pg/cm?/h. On the case of AmB deoxycholate hydrogel the drug penetrated the
skin at the same extent (99.65 + 0.04%; penetration rate 9.56 + 0.05 pg/cm?/h), how-
ever drug was detected in receptor media after 1 h of application (Table 3). Permea-
tion was statistically different for the two formulations (p < 0.05). At the end of assay
drug was only detected in stratum cormeum (SC) for the AmB-loaded gel-like ME,
whereas for the AmB deoxycholate hydrogel drug was found in SC, viable epidermis
and dermis (data not shown) according to permeation behavior. AmB difussed com-
pletely into skin, however in the case of the AmB-loaded gel-like ME drug was retained
within the skin during the assay, this longer residence time within the skin would help
local effect and could prevent from systemic adverse effects.

As it was mentioned, ME have many advantages for topical administration of drugs,
moreover o/w ME can behave as reservoir increasing local effect of drugs. In our study
AmB diffusion within the skin was slower for the gel-like ME than the AmB deoxy-
cholate hydrogel and the estimated penetration ratio into the skin was much higher
than penetration results showed by other researchers when AmB was vehiculized in
liposomes [28]. ME good skin penetration has already been study, nonetheless in this
case the composition of the system could have helped even more. It was reported that
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some polyethylene ethers are effective skin penetration enhancers, because of their

hydrophilic and lipophilic molecule portions they cause disruption of lipids in the SC

and increase water content of the protein domain [8, 40].

Table 3. I vitro AmB penetration-permeation into pig ear skin.

.. Released Drug in Drug within
Inicial Remnant after . . .
Sample wantity (g) 6h (ug) quantity |Receptor media| the skin
Aranty s “8 (vg) (ug) (ug)
Gel-like ME 192.80 £ 0.01| 1.44+0.12 191.35+ | Nondetected [191.35+0.12
0.12
AmB Deoxycholate| 180.07 £ 2.34| 0.63 + 0.07 179.44 + 1444015 |18041+1.3
hydrogel 241

In vitro antifungal activity

In order to assess iz vitro antifungal activity of AmB-loaded gel-like ME, MIC was
determined for several strains of Candida and different patient isolates. Results are
shown in Table 4. The MIC for AmB-loaded gel-like ME for Candida spp. was greater
than MIC for AmB deoxycholate possibly due to viscosity of the formulation affecting

drug diffusion in the culture media, since AmB deoxycholate was tested as solution.

Nonetheless it has to be considered that our controls (AmB standard and AmB raw

Table 4. AmB Minimal inhibitory concentration (MIC) against different cultures.

MIC ( pg/ml)
Specie Origin AnfotericinaB AMB AMB AmB
Northia ME-gel st rm

C albicans 40139 0.030 0.250 0.125 0.125
C albicans 64548 0.030 0.250 0.250 0.060
C albicans 129 0.030 0.250 0.125 0.060
C albicans 549 0.030 0.250 0.125 0.060
C albicans Oral Mucosa 0.030 0.250 0.250 0.125
C albicans Sputum 0.030 0.250 0.125 0.060
C albicans Hemoculture 0.030 0.250 0.125 0.060

st: standard; rm: raw material.
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material) also had MIC values were greater than the reference for some samples, which
could also explain the greater MIC results for the formulation assayed. Nevertheless
we can conclude that AmB antifungal activity is appropriate for this novel formulation
since susceptible species of fungi are inhibited by concentration of AmB ranging from
0.03 to 1.00 ug/ml but 7 vive studies are necessary to assess clinical effectiveness [41].

In vitro antileishmania activity

In vitro inhibitory activity of L. braziliensis promastigotes growth is shown in Figure 5.
AmB loaded gel-like ME has the same activity as the reference AmB deoxycholate, for
100 pg/ml and 1 pg/ml concentration there was no significant difference (p > 0.05).
However, blank formulation had inhibitory activity of parasite growth, 75.04 +
11.20% with no difference respect to AmB-loaded gel-like ME (p > 0.05); this fact was
also reported for AmB solubilized with poloxamer 188 in a micellar formulation [42].
Furthermore, surfactants had strong lytic effect against Trypanosoma cruzi, a parasite of
the same family as Leishmania, as was the case of Tween 20 and polyethylcyanoacrylate
nanoparticles which had activity against parasite cells and enhanced activity of nifurti-
mox [43-45]. Surfactants modify parasite membrane, producing change in fluidity and
leakage of vital substances, although in our study there was not synergism [46].

100 ¢
90 s
80
70
60
50

40

Growth inhibition (%)

30
20
10 |

100 50 10 1
cc (ug/ml)

B AmB Gel-like ME AmBD M Blank Gel-like ME

Figure 5. AmB-loaded gel-like ME 77 vitro inhibitory growth activity on L. braziliensis promasti-

gotes.
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Modern therapies aim to deliver drugs in target sites with few adverse effects, this
becomes a difficult task when dealing with intracellular parasites as is the case of Leish-
mania, and therefore the carrier for the drug takes a very important role.

Skin irritation test

Cutaneous irritation of optimized formulation was tested using Draize test. Various
degrees of irritation manifested by redness were observed showing a slight degree of
irritation on rabbit skin although no oedema was observed (score: 2.08). The irrita-
tion responses were not homogenous across test animals. As shown in Figure 6 the
maximum skin irritation was represented by moderate erythema, while some animals
showed slight erythema. High surfactant concentrations and ethanol are known to be
irritant, therefore the particular composition of this gel-like ME may be responsible
for the observed effect on skin. Even considering this skin outcome, this novel formula
has benefits concerning drug solubilization and pharmacological activity. An impor-
tant fact to remark is that the drug did not reach the receptor compartment despite
the formulation showing slight irritancy so AmB loaded gel-like ME could be safe for

topical use.

Score 0
No erythema

Score 1

Slight erythema

Score 2
Moderate erythema

Figure 6. Photograph of skin irritation test with AmB-loaded gel-like ME carried out on rabbit skin.
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CONCLUSION

A low cost gel-like ME of suitable viscosity for topical application was developed to
deliver AmB. This novel formula was able to load a higher amount of AmB than drug
solubility in water or several excipients and AmB remained stable for at least three
months when stored in the fridge, as such, it could be used as a compounding formula-
tion of AmB. Drug penetration into skin was significant so this AmB loaded gel-like
ME is promising for the treatment of skin infections caused fungus and Leishmania
parasites considering that there are few evidences of formulations that allow proper
concentration of the drug within the skin after topical application. It would be of inter-
est to further investigate this type of formulation by means of other techniques so as
to provide details about its microstructure and also study its potential to be used as
vehicle to solubilizing other drugs to be applied in the skin.
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