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Abstract

:

Leishmania parasites are the etiological agents of Leishmaniasis, a tropical disease that affects around 15 million people in about 90 countries. The chosen therapy for this disease is based on antimony V compounds, such as meglumine antimoniate. It can be administered as a parenteral, subcutaneous or perilesional form as successive infiltrations with pre-established doses localized in the border of the granuloma that characterizes the wound of Cutaneous Leishmaniasis (CL). Herein, a topical pharmaceutical recipe, such as an emulsion, is proposed to eliminate the trauma caused by administering the medicine in parenteral form to the face or other difficult access zones. The evaluation of this vehicle was performed by analyzing parameters such as pH, viscosity, homogeneity and droplet size distribution. Furthermore, the effectiveness of the emulsion was proved by in vitro experiments using Strat-M synthetic membranes, showing that the transdermal passage of the antimonial complex is guaranteed. Moreover, complete healing of the wound has been attained in patients with CL, as shown with two clinical cases in this article.
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1. Introduction


The skin is the most extensive organ of the body [1,2]. Formulations to heal the skin have been used since the Pharaoh’s time when soaps made of vegetable oils or fats saponified by ashes were used [3]. There are several examples of formulations in the form of ointments, nanoemulsions or gel phases to heal the skin [4,5,6]. Nevertheless, bacteria and parasitic diseases are usually healed with parenteral administration, as is the case of Leishmaniasis [7]. The development of a formulation that could heal the skin, such as an ointment or a cream, would provide an easier administration, with less pain and active agents more readily available [8,9]. Leishmaniasis is a parasitic disease caused by about twenty protozoa of the genus Leishmania, transmitted by a vector, especially in regions of extreme poverty where it can become endemic [10]. Clinical manifestations range from skin ulcers to diverse visceral severe forms, with Cutaneous Leishmaniasis being the most common [11,12]. Leishmaniasis has become a public health problem with about 12 million people affected, with nearly 2 million new cases and 70,000 deaths per year in tropical and subtropical countries [13,14,15].



Ninety percent of the world’s Leishmaniasis occurs in the Middle East [9,16]. In America, the disease can be found from Argentina to Mexico. In Venezuela, there are different clinical forms of American tegumentary Leishmaniasis, with an average of 2000 cases per year and about 143 cases per 100,000 inhabitants [17]. The highest tolls are found in the western part of the country, especially in Lara, Trujillo, Táchira and Mérida states [18].



The World Health Organization (WHO) recommends the systemic application of pentavalent antimonial compounds as a Leishmaniasis treatment, mainly in sodium stibogluconate (Pentostam) and meglumine antimoniate (Glucantime) forms, via parenteral administration on a daily basis for three weeks [19]. These antimonial compounds have been used for more than 70 years, considered equivalent in clinical efficiency, secondary effects, pharmacokinetics and action mechanisms [7,20,21]. They are administered as intramuscular or intravenous injections in high concentrations but are cardio-toxic [22] and nephrotoxic [23], although the kidneys excrete them in a few hours. The application of these compounds is very painful and administered in several doses; thus, the treatment is of high cost and difficult to implement in rural communities. On the other hand, because of the intolerance and/or resistance generated in some endemic regions of India [24] and Nepal [25], and, following the recommendations of the WHO [26], new active molecules and new administration methods have been tested to minimize adverse effects. Amphotericin B, pentadimine and paromycin (synonymous of aminosidine) can be used as first-line treatments with high toxicity and parenteral administration as limitations [27,28,29,30,31].



More recently, photodynamic therapy with 5-aminolevulinic acid and immunotherapy with imiquimod in a cream vehicle have been tested [21,32]. Very few topical treatments with a good effectiveness have been reported; among them are antiseptics such as paromomycin sulfate, an aminoglycoside in cream used with 12% of methyl benzethonium chloride [33]. Some authors have proposed the use of locally vehiculated rifamycin, thanks to the use of a CO2 fractional laser with good results [34].



Better effectiveness has been found with injections of meglumine antimoniate (20 mg/Kg/day for 20 days) with a 7.5% Imiquimod cream [21,35]. Arevalo and coauthors indicated that after three months of this combined treatment, a therapeutic improvement of the infection was observed (microbiological criteria) of 100% vs. 57% of meglumine antimoniate as a sole drug [32].



Another alternative for local treatment of CL is the use of perilesional injections, some with bleomycin sulfate 1% and others with amphotericin B22, but the best results have been obtained with intralesional injections of antimonial derivatives [9,21].



Nevertheless, after all the efforts during the past few decades to avoid drug resistance and secondary effects of the antimonial compounds, the best treatment to combat CL is still the use of pentavalent antimonial (SbV) compounds in the form of meglumine antimoniate. Its pharmacokinetics, bio-disposability, elimination, tolerance and adverse effects are well known [35,36]. That is the reason why a generic antimonial formulation, by the name of Ulamina, was synthesizedbetween the Chemotherapy and Control laboratory of the Jose Witremundo Torrealba Research Institute (JWTRI) and the Science Faculty of the Universidad de Los Andes in Venezuela (SFULA), which is under the clinical evaluation and registration process by the Venezuelan Ministry of Health [7,18,37].



Ulamina is a pentavalent antimonial compound (SbV) in the form of meglumine antimoniate, a potential leishmanicidal, that has been pharmacologically and toxicologically evaluated in different animal models and behaves pharmacologically as other patented drugs of common use in America. Moreover, cardiotoxicity and histopathological studies have shown similar results in experimental rabbit models [18,35,38].



Since 1987, the JWTRI has treated around 4000 patients diagnosed with CL with this drug. The clinical trials were done by a perilesional infiltration with an Ulamina solution [12,18]. Results showed 95% healing in a setting of 800 volunteers diagnosed with CL.



The treating scheme mentioned above is associated with a traumatic effect due to the type of administration and the location of the injury to infiltrate, as is the case of genital and face injuries, especially with small children [9,39]. These conditions promote treatment dropout, especially in regions of difficult access. Therefore, it is necessary to find painless alternative low cost treatments with fewer side effects and reduced toxicity using the same active compounds in actual use, guaranteeing treatment eficiency by a non-invasive route [40].



The transdermal application of drugs has many advantages in absorption terms. Therefore, studies of skin absorption have been a priority in pharmacy. An alternative drug administration route has as several advantages, including the elimination of the first step of the hepatic metabolism, continuous drug liberation, frequency reduction of administration and collateral effects reduction, among others [41,42]. Nevertheless, the range of available compounds for the transdermal route is limited to small (<500 Da), neutral and relatively lipophilic molecules capable of trespassing the skin by passive diffusion [43,44,45].



The formulation of disperse systems with surfactants and their behavior in transdermal passage has been well studied [46,47,48,49]. As vehicles for the topical administration of different active ingredients, micellar solutions, organogels, microemulsions and nanoemulsions have been used. The absorption of active ingredients and their therapeutic effect concerning the formulation’s composition and the activity of other additives that improve or promote absorption through the stratum corneum and epidermis have been studied [50,51].



Emulsions are a pharmacological resource that improve skin absorption. They are systems characterized by oil droplet dispersions in water (or also dispersions of water in oil), sometimes with the dispersed droplets in the nanometric range, known as nanoemulsions. Nanoemulsions can be obtained by very high-energy or low-energy methods, such as spontaneous emulsification or phase inversion [52,53]. The small size of the droplets in a nanoemulsion (20–500 nm) gives them characteristics of great value in the pharmaceutical and cosmetic fields, especially for skin absorption and the organoleptic character of the formulations [53,54,55,56]. On the other hand, bicontinuous systems or microemulsions compared to conventional vehicles show a much better solubility of the active ingredients due to their hydrophilic–lipophilic duality that characterizes their structures [49,53,57,58].



Until now, few works have been reported on developing topical formulations of antimonial compounds or any other active ingredients to treat Leishmania sp. [12,21]. In 2015, a patent was registered to the Universidad Nacional de Colombia on a polymeric film based on chitosan to release meglumine antomoniate [59]. In 2020, Horoiwa et al., studied sugar-based colloidal nanocarriers for topical meglumine antimoniate applications, showing promising results [60].



This study is motivated by an increasing need to deploy a leishmaniasis-treating formulation accessible to rural and isolated areas, with a vehicle tailored to be applied on the skin without pain. A glucose-derived compound, “meglumine” functionalized with SbV, has been developed in our university with high effectivity against CL. Moreover, advances in nanoemulsion formulations allow the use of active substances for their release on skin. Therefore, we present the first results of the formulation and the transdermal passage through a synthetic membrane of a topical nanoemulsion-based cream, which contains Ulamina (meglumine antimoniate) at a concentration of 10 wt% as its active ingredient. The results shown in this study are from the formulation that attained the best performance. Furthermore, the formulated cream was used in several patients with outstanding results, two of which are shown in this article as preliminary information.




2. Materials and Methods


2.1. Reagents


2.1.1. Nanoemulsion Formulation


The molecule used as the active principle is an antimonial pentavalent compound (SbV) in a meglumine antimoniate form, known as Ulamina (Figure 1). Surfactants are of the non-ionic type: Sorbitan Monolaurate of HLB = 8.6 and polisorbate 80 of HLB = 15, which are known to be biocompatible with skin and were kindly supplied by Oxiteno, Sao Paulo, Brasil. Other additives to prepare the nanoemulsion-based cream are Carbopol Acrylamer 941 (total concentration in the formulation of 1.5 wt%), methylparaben (0.18 wt% in the formulation) and propylparaben (0.02 wt% in the formulation). These compounds were supplied by Merck, Darmstadt, Germany with 99.5% purity. A low molecular weight paraffin was used as the oil phase. The total surfactant concentration in the cream was 4.5 wt%.




2.1.2. Transdermal Passage Tests


The transdermal passage of the antimonial active principle was carried out through Franz cells (described in Section 2.3). Strat-MTM membranes (Merck-Millipore, Darmstadt, Germany) were used for the tests, and a salty buffer was used as a receptor agent. Strat-MTM membranes have been proven to resemble skin, because both membranes exhibit similar permeabilities to chemicals.



The saline buffer was composed of 1.5125 g Na2HPO4 and 2.0875 g KH2PO4 (100% purity, Riedel-de Haën, Seelze, Germany) added into a 250 mL volumetric flask, and 80% of the required volume of distilled water was added with continuous mixing.



Fick’s laws of diffusion describes the transdermal permeation experiment [1,61,62]. Flow and apparent permeability are described by the following equation:


Flux = Papp Cd








where Flux is the mass flow of the solute (µg/cm2/min), Papp is the apparent permeability of the membrane (cm/min) and Cd (µg/cm3) is the concentration of the active ingredient in the cream.



The transdermal passage tests were carried out during 8 h. Samples were taken from the receptor compartment every 15 min, and the antimony content was analyzed. The antimony flux (µg/cm2/min) and the accumulated mass (mg) over time were determined.




2.1.3. Antimony Analysis


Antimonium (III) chloride (99.7% Sigma-Aldrich, St. Louis, MO, USA), HCl (37% Riedel-de Haën, Seelze, Germany), potassium tartrate (99.5% Merck, Darmstadt, Germany), potassium hydrogen phosphate (99.5% Riedel-de Haën, Seelze, Germany), potassium iodide (99% Sigma-Aldrich, St. Louis, MO, USA), pyrogallol bromine red (Sigma-Aldrich, St. Louis, MO, USA), ethanol (99.8% Riedel-de Haën, Seelze, Germany), ascorbic acid (99.7% Sigma-Aldrich, St. Louis, MO, USA) and sodium hydroxide (99% Merck, Darmstadt, Germany) were used as received.





2.2. Ulamina Nanoemulsion Preparation (O/W) and Cream Fabrication


Several formulations of oil in water (O/W = 20/80) emulsions were made with a mixture of non-ionic surfactants following the low energy method proposed by Forgiarini et al. [52,63,64]. The concentration of the active ingredient was fixed to 10% of the antimonial pentavalent compound that was obtained from a 30% Ulamina stock solution. Initially, the HLB of the surfactant mixture was varied to choose the formulation that would produce the nanoemulsion with the smallest droplet size, maintaining a monodisperse distribution and maximum kinetic stability.



A Eurostar mixer of IKA Labotechnik (Staufen, Germany) was used to prepare the nanoemulsion with a mixing speed of 450× g. Water with the Ulamina active compound was added drop by drop to the paraffin–surfactant mixture at a constant temperature (T = 30 °C). In the procedure, a liquid crystalline phase was formed, which has been argued to be essential for the nanoemulsion formation mechanism [65,66,67].



The Carbopol was solubilized in an amount of water corresponding to 20% of the total cream water, and its final concetration in the cream was 1.0 wt%.



Likewise, the parabens, as preservative agents, were solubilized before adding the Carbopol to the indicated water fraction (20%). Once the pH has been adjusted, this last portion of water was added to the nanoemulsion, and the system was stirred for 2 min at 1200× g to guaratee the homogenization of the final cream.



A Carbopol Acrilamer 941 polymer was added to the chosen nanoemulsion to increase the viscosity of the O/W nanoemulsion and achieve not only an adequate texture and rheological behavior of the cream, but also to guarantee greater kinetic stability. Methylparaben and propylparaben were used as preserving agents for the cream.



The HLB calculation of the surfactant mixture (HLBM) was made using the following equation:


HLBM = X1HLB1 + X2HLB2








where Xi and HLBi are surfactant weight fraction and HLB, respectively.




2.3. Cream Evaluation


2.3.1. Human Sensory Testing


The sensory tests were done with ten evaluators who carried out the following protocol [68,69,70]: handwashing with tap water and drying with paper towels was done for 5 min. Subsequently, 0.1 g of cream was applied, which was rubbed gently on the back of the hand with the index finger. This rubbing was done 5 times in a circular motion. Then, the evaluators left each cream for 5 min and used an assessment sheet to evaluate the aspects of the cream. Subsequently, tap water was used to rinse the area where the cream was applied. The cream did not contain Ulamina and 3 parameters were assessed: homogeneity, extensibility and elimination after rinsing. The parameters were rated on a 3-point scale (1: bad, 2: fair, 3: good).



Homogeneity: homogeneity of the cream was checked by its visual appearance (color, aspect, crystallinity, amount of waste) and its sensation to touch.



Type of film and extensibility: this sensorial characteristic was qualitatively pondered by the type of film formed in the skin when the cream was applied.



Elimination: the ease of removal of the cream after its application was examined by washing the part of the skin where it was applied with tap water.



This stage was essential in the formulation process. Consumer perception is becoming more important every day for final products’ acceptance, as shown in multiple reports [71,72,73].



Once the final cream texture was chosen, physicochemical characteristics, such as pH, droplet size, rheology, cream stability over time and transdermal passage, were evaluated.




2.3.2. Microscopy, Droplet Size and pH


A polarized light Nikon microscope, model Eclipse E600POL, with ACT-1 software was used to observe and capture microphotographs of the formulated cream. The droplet size of nanoemulsion and cream samples was measured by dispersing the emulsion in a sodium pyrophosphate solution at 1%. The droplet size distributions were measured using a laser diffraction particle size analyzer, MasterSizer, model 2000 of Malvern Ltd. (Malvern, UK).



The pH was measured using a solution of 0.5 g of cream dissolved in 50 mL of distilled water using a pH-meter, Metrohm 691 (Metrohm AG, Herisau, Switzerland).




2.3.3. Rheological Studies


The sensory characteristics of the nanoemulsion-based cream were estimated with rheological properties such as consistency and flow index. These properties can be evaluated using a rheological model such as the power law (Ostwald Law) model. This was done by measuring either viscosity versus shear speed or the shear stress versus shear rate curve, within the range of 0.1 to 100 s−1, with an AR-G2 rheometer of controlled tension (TA Instruments, New Castle, DE, USA) using a plate–plate geometry (plate diameter 40 mm) at 25 °C.



The power law model, written as τ = kγn, was proposed to study the cream rheology characteristics, where: τ is the shear stress expressed in Pascals (Pa); k is the consistency index, i.e., the viscosity at 1 s−1 shear rate, describing how thick (viscous) a material is when low shear is applied to it [74,75]; n is the flow index; and γ is the shear rate at which a shear strain is applied, expressed in reciprocal seconds (s−1). The approximate flow index and consistency index of the cream can be obtained by plotting the natural logarithm of the shear speed and shear stress according to the power law model [74,76].




2.3.4. Cream Stability Tests


Accelerated stability tests of the creams were carried out as a function of temperature. In the first analysis, several control samples were prepared that were stored at ambient temperature for 7 days [68]. In addition, 20 g of the developed formulation was stored in a stove at 40 °C for 40 days, following the procedure of Grimm [70] and Bjerregaard [77]. The stability protocol of the samples consisted in the following storage conditions (Table 1).





2.4. In Vitro Tests


2.4.1. Transdermal Passage


The transdermal passage through kinetic tests of in vitro permeation were performed in Franz cells. Figure 2 shows a Franz cell, which consists of an upper compartment (giver) where the sample under study was placed (vehicle with the active ingredient). Moreover, an inferior compartment (reception) was placed within a liquid, which, in this case, was a saline buffer solution at pH = 7.4, very similar to the mammal’s extracellular liquid [39,78]. A membrane, which in this case was the Strat-M membrane, was placed between both compartments.



The Strat-M membrane’s composition tends to emulate human skin structure. It consists of two layers of polyether sulfone and poliolefins, with a mixture of synthetic lipids that produce certain resistance to the passage of any substance [79]. The contact area of each cell is 0.7854 cm2, while the volume of the receptor chamber is 10 mL.



The inferior compartment has a volume of 10 mL and has a sampling arm from where samples are taken to analyze the concentration of the active ingredients that have crossed the membrane. The cell has an outer jacket and a thermostatic bath with recirculation to keep a constant temperature during the experiments. The cells were maintained at 37 ± 0.5 °C in all the experiments, since this is the generally accepted temperature of the skin’s surface.



It is essential that while the cream samples are being studied, the membrane and the solution in the receptor compartment must be in permanent and total contact between them so that the transfer area is always constant. Ten cells were assembled in a series with a magnetic plate, IKA-Werke, with 10 agitation points. All the experiments were performed in triplicate, and the mean results of them are reported.




2.4.2. Antimony Analysis


Determination of antimony concentration of the samples collected in the transdermal passage experiments was performed by the pyrogallol bromine red method, developed by Christopher [80] and adapted by Rath [81]. The samples were analyzed with a UV spectrometer, Shimadzu model mini 1240 (Shimadzu Corporation, Kyoto, Japan).





2.5. Preliminar In Vivo Test


A phase 2 prospective study to evaluate the therapeutic efficacy of the topical antimonial formulation was perfomed by the Control and Chemotherapy Laboratory of the JWTRI. The patients included in this trial were volunteers of legal age of both sexes, from endemic areas of Sucre state, who were treated by the staff of the Chemotherapy and Control Laboratory of JWTRI for Leishmaniasis diagnosis and treatment. These patients had ulcerated skin lesions without mucosal alterations. Of these patients, only the results of two cases have been chosen for this article.



Volunteer patients from municipalities of the Sucre state who presented flattened lesions with irregular but defined edges and base hardening, a product of the formation of a granuloma, were diagnosed parasitologically through microscopic studies of imprints and biopsies that determine lesions caused by infections of Leishmania sp. These studies were immunologically confirmed by positive reactions against antigens of Leishmaniasis braziliensis sub genus Viannia [82] and characterized by PCR studies [83].



In all cases, a comprehensive analysis was performed using:




	
Epidemiological Diagnosis: The origin of the patient is determined and is related to known areas of transmission.



	
Clinical Diagnosis: Presence of flattened skin lesions with irregular but well-defined edges, which present base hardening as a result of the development of a granuloma, which are characteristics of lesions caused by Leishmaniasis.



	
Parasitological Diagnosis: It was carried out by microscopic observation of smears of aspirates and biopsies and stained with Giemsa stain at 10% in phosphate buffer pH 7.2, where macrophages infected with amastigotes were observed, confirming the diagnosis of infection by Leishmania sp.



	
Immune Diagnosis: Their immune responses were confirmed, using the Montenegro Test [84] as a test for Leishmania, by intradermal reaction with the figurative antigen from the promastigotes form of Leishmania (Viannia) braziliensis [82].








Treatment


The treatment for the two cases reported in this study consisted of two daily topical applications of the nanoemulsion cream.



The patients gave their consent in writing.






3. Results


3.1. Nanoemulsion Formation


The nanoemulsions formulated in the present research have a composition of 4.5 wt% of the surfactant mixture and a constant water/oil ratio equal to 80/20. The best combination of non-ionic surfactants was studied by measuring the droplet size as a function of the HLB of the surfactant mixture.



In all the experiments, the low-energy emulsification method was applied. As the previous literature indicates [53,85], a liquid crystalline phase is usually formed when nanoemulsions are obtained. The nanoemulsification method by “persuasion” or phase transition has been argued to be intrinsically linked to the dissolution of the liquid crystalline phase, which protects the droplet from coalescence [53,86].



Nanoemulsion Droplet Size Distribution


Figure 3 presents the droplet sizes of the nanoemulsions as a function of the HLB of the surfactant mixture. The formulation with an HLB = 12.25 was chosen due to its smaller droplet size. In addition, the droplet size of the emulsion (Figure 4) shows a homogeneous distribution of the nanoemulsion with droplets ranging between 90–130 nm and a mean of 115 nm.





3.2. Cream Sensory Tests


3.2.1. Homogeneity


After the emulsions were formed, the Carbopol Acrilamer 941 polymer was added to attain the viscosity and microstructure necessary to obtain a stable dispersion. In the present research, all the formulations had uniformity and homogeneity. This was confirmed by visual appearance, as shown in Figure 5, and its feel to touch. It had no residues and was crystalline and emollient.



After applying the cream to the skin, most of the evaluators concluded that the cream was easy to apply, left a non-greasy feeling after application and was easy to remove with tap water. The results of the attributes of the sensory tests are presented in Table 2.



The organoleptic characteristics were evaluated as a function of time. The observations provided a first impression of the product’s quality. The cream presented a homogeneous appearance and color and an acceptable and smooth texture after topical application, as outlined in Table 3.




3.2.2. Topical Cream pH


The topical cream pH was between 6 and 7, which is considered a compatible value with the pH of skin, sometimes referred to as an optimal pH [87,88].




3.2.3. Optical Microscopy


Several images were taken of each formulation to ensure the homogeneity and uniformity on the emulsions. The microscopic image in Figure 6 shows a uniform droplet size that demonstrates the cream’s homogeneity and low polydispersity.





3.3. Rheological Studies


3.3.1. Viscosity Measurements


Skin creams generally exhibit shear-thinning behavior. This means that the viscosity is not a constant value but depends on the intensity of the shear. This relationship is described by plotting viscosity versus shear rate (Figure 7). A cream to be applied to damaged skin by a disease, for example, should be easily applied to wounds and should be able to be easily spread at shear rates; in this study, it was from 0.1 to 50 s−1.



The rheogram was performed on the freshly prepared cream and on the dispersion after 60 days of preparation, and both had a flow index between 0 and 1 (n = 0.19 and 0.21, respectively), as shown in Figure 7; therefore, they were shear-thinning fluids. The values indicate how smoothly the ointment flows when the shear is applied [74,76,89]. Creams with a high degree of shear-thinning tend to feel softer and spread more smoothly. This characteristic did not change in the time frame studied. However, the lower consistency index of cream aged for 60 days (which decreased from 55.7 to 38.4), would make the cream easier to dispense and give a smooth and “less sticky” feeling on the skin [71].



On the other hand, the stabilization effect of the polymer by increasing the viscosity of the continuous phase guaranteed the stability of the cream during the required storage time of up to 1 year from its manufacture, as required in this study.




3.3.2. Cream Stability Tests


Samples of the cream with 10% Ulamina had great kinetic stability at ambient temperature and at 40 °C. It is important to point out that in both cases, the possible changes in the cream were observed during a year, and no change (creaming, sedimentation) was noticed nor was its stability altered. This is attained due to two effects: the small size of the nanodroplet, stabilized by the non-ionic surfactant mixture, and by the polymer stabilization effect.



No modifications were observed; the maintenance of all the initial characteristics of appearance of the cream were stable during approximately one year.



The droplet size obtained in this formulation directly correlates with the high stability observed in the cream with Carbopol Acrilamer 941. In Figure 8, a scheme of the microstructure of the cream is presented.





3.4. In Vitro Tests


3.4.1. Transdermal Experiments


Figure 9 shows the in vitro tests made during 8 h, indicating that the majority of the active ingredient, Ulamina, was transferred in the first 15 min of contact until a plateau was reached. The analysis of the collected mass transfer samples indicated that the active ingredient passage reached up to 50% in the first 15 min of contact time. Each point is the average of three measurements. This was similar to other effective transdermal drug delivery systems [90].




3.4.2. Antimony Analysis


In Figure 9, the antimony flow rate and its total accumulated mass in the receiving cell are also shown.



The total transferred mass after 120 min of transdermal passage was 4.44 mg. Figure 9 shows that the maximum antimony flow was at 5 min, and, at this point, the total accumulated mass was 0.93 mg, representing 20.90% of the total mass in 120 min. At approximately 30 min, a constant regime was reached, and, at this point, 3.11 mg of total antimony had been transferred.





3.5. Clinical Cases and In Vivo Tests


Table 4 shows the results of two patients with CL treated with the Ulamina cream in a preliminary study. A 19-year-old woman and a 67-year-old man were selected among several patients of the phase 2 prospective study. The former presented a lesion in the leg and the latter in the hand. The Ulamina topical nanoemulsion was applied over the skin every 12 h for 7 and 6 weeks, respectively. Both patients showed healing of the infection and cicatrization of the infected lesion. This would indicate that this type of meglumine antimoniate active component solubilized in the aqueous phase of the nanoemulsion has the potential to be used in the short term for the treatment of CL worldwide.





4. Conclusions


The measurement and analysis of the emulsion’s properties indicate that Ulamina vehiculized as a nanodroplet cream is stable from the physicochemical point of view and guarantees transdermal passage. Therefore, Ulamina can be considered an active ingredient with the proper characteristics to be administered topically with favorable therapeutic response in skin injuries caused by Leishmaniasis. Its effectiveness in vitro has been studied via transdermal passage using a Strat-M synthetic membrane. The active compound’s availability due to the transdermal passage effectiveness indicates that deploying the cream for extended use by patients in low-income regions of Latin America and Asian tropical countries could be feasible. Furthermore, as an alternative and less invasive treatment, the cream has also been used in two patients, showing total healing of the bacterial infection and wound. In the near future, a phase 2 prospective study will be completed, which actually shows promising results. As a final note, the process was a very low-energy procedure that generated emulsions with high stability, in contrast with high-energy processes as microfluidizers that required high-energy input, representing high CO2-equivalent emissions.
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Figure 1. Pentavalent antimonial structure (Ulamine). 






Figure 1. Pentavalent antimonial structure (Ulamine).



[image: Cosmetics 08 00115 g001]







[image: Cosmetics 08 00115 g002 550] 





Figure 2. Franz diffusion cell and direction of the flows. 
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Figure 3. Nanoemulsions droplet size as a function of the HLB of the surfactant blend. 






Figure 3. Nanoemulsions droplet size as a function of the HLB of the surfactant blend.



[image: Cosmetics 08 00115 g003]







[image: Cosmetics 08 00115 g004 550] 





Figure 4. Droplet size distribution of the emulsion without a polymer, HLB = 12.25. 
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Figure 5. Appearance of the cream obtained with 10 wt% of Ulamina. 
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Figure 6. Microphotograph of Ulamina cream at 10 wt% with 100× magnification. Polarized light Nikon microscope, model Eclipse E600POL. 






Figure 6. Microphotograph of Ulamina cream at 10 wt% with 100× magnification. Polarized light Nikon microscope, model Eclipse E600POL.



[image: Cosmetics 08 00115 g006]







[image: Cosmetics 08 00115 g007 550] 





Figure 7. Rheological behavior of Ulamina cream at 10 wt%. ARG2 rheometer, TA instruments. Plate–plate geometry. Gap 2000 microns. Temperature 25 °C. 
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Figure 8. Scheme of the proposed microstructure and mechanism of stabilization of the cream. 
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Figure 9. Flow and accumulated total mass of antimony during the transdermal passage tests. 
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Table 1. Variables used for the cream stability tests.
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	Variable
	Value





	Ambient temperature
	Average temperature on the shelf without the use of air conditioners or air conditioning (25 ± 2 °C)



	Refrigeration temperature
	(5 ± 3 °C)



	Accelerated temperature
	(40 ± 2 °C) Sampling and analysis time
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Table 2. Human sensory test results on 10 evaluators, following the procedure outlined in the experimental section.
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	Sensorial

Attribute
	Description
	Measurement Characteristics
	Average of 10 Evaluators





	Homogeneity
	Aspect of the cream, e.g., homogeneus, heterogeneous, separation
	Visual appearance (color, aspect, crystallinity, amount of waste) and its sensation to touch
	Good



	Film extensibility
	Characteristics of the film formed over the skin
	Qualitatively pondered by the type of film formed in the skin when the cream was applied
	Good



	Elimination
	Ability of the cream to be washed or eliminated from the skin
	Ease of removal from the skin
	Good
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Table 3. Organoleptic characteristics of the cream.
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	Parameter
	Characteristics





	Appearance
	Homogeneous



	Texture after topical application
	Smooth



	Color
	White



	Odor
	Pleasant smell, acceptable
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Table 4. Clinical cases characteristics, treatment and results of treatment.
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	Patient

Sex
	Age
	Origin
	Wound
	Ulcer
	Indicated

Treatment
	Before Treatment
	After Treatment





	Patient 1

Sex: F
	19
	Sanguijuela de los Blancos, Bermúdez Municipality, Sucre state
	8 × 10 cm ulcer on the right thigh
	+leishmania with infected macrophages of amastigot form
	Ulamina topical nanoemulsion every 12 h for 7 weeks
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	Patient 2

Sex: M
	67
	Rio Caribe, Mpio. Arismendi Municipality, Sucre state
	15 × 40 mm ulcer on the right wrist
	+leishmania confirmed parasitological diagnosis
	Ulamina topical nanoemulsion every 12 h for 6 weeks
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