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Abstract

Introduction: Paraccocideoides brasiliensis (Pb) is a fungal pathology that causes serious lesions in the mouth in the
form of ulcerations that destroy the gingiva, palate, reflecting on the immune system. For the treatment of
Paracoccidioidomycosis (PMC) the choice of drug is based on the degree of the disease, with Amphotericin B (AB)
being the most used due to its mechanism of action and interaction with the fungal membrane, causing its destruction.
However, with all the history of AB toxicity, there is a need to reduce the serum levels of the drug in the body. The use
of nanoparticles as controlled release systems (DDS) is an alternative for this purpose. The objective of this article
was to develop gelatin nanoparticles for the treatment of pathologies caused by Pb. Method: In this work, gelatin
nanoparticles were processed by the two-step desolvation method and loaded with AB. The nanoparticulate system
was characterized by scanning electron microscopy (SEM) and dynamic light scattering (DLS). Finally, the
effectiveness of DDS was evaluated against Pb yeasts by Disk Diffusion Test. Results: the synthesized particles
presented suitable sizes and shapes for application in DDS with an average size of 169.4 and 172.0 nm, for the free
and encapsulated system, respectively. Biological model tests of Pb showed positive results indicating that lower
concentrations of AB can be efficiently administered if nanostructured DDS is used. Conclusion: This study is
promising for future applications of AB-loaded gelatin nanoparticles for the treatment of pathologies caused by

Paraccocideoides brasiliensis.
Keywords: Paraccocideoides brasiliensis; Amphotericin B; Drug delivery system; Nanoparticles.
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Resumo

Introducdo: Paraccocideoides brasiliensis (Pb) é uma patologia flngica que causa lesdes graves na boca na forma de
ulceracBes que destroem a gengiva, palato, refletindo no sistema imunolégico. Para o tratamento da
Paracoccidioidomicose (PMC) a escolha do farmaco ocorre pelo grau da doenca, sendo a Anfotericina B (AB) a mais
utilizada devido ao seu mecanismo de ac¢do e interacdo com a membrana do fungo, ocasioando a sua destruicdo.
Porém, com todo histérico de toxicidade da AB, surge a necessidade de diminuir os niveis séricos do farmaco no
organismo. O uso de nanoparticulas como sistemas de liberagdo controlada (DDS) é uma alternativa para este fim. O
objetivo deste artigo foi desenvolver nanoparticulas de gelatina para o tratamento de patologias causadas por Pb.
Método: Neste trabalho, nanoparticulas de gelatina foram processadas pelo método de dessolvatacdo em duas etapas e
carregadas com AB. O sistema nanoparticulado foi caracterizado por microscopia eletrénica de varredura (MEV) e
espalhamento dinamico de luz (DLS). Por fim, a eficacia do DDS foi avaliada contra leveduras de Pb pelo Disk
Diffusion Test. Resultados: as particulas sintetizadas apresentaram tamanho e formas adequadas para aplicacdo em
DDS com tamanho médio de 169,4 e 172,0 nm, para o sistema livre e encapsulado, respectivamente. Os testes em
modelo biol6gico de Pb apresentaram resultados positivos indicando que concentragdes mais baixas de AB podem ser
administradas de forma eficiente se 0 DDS nanoestruturado for utilizado. Conclusdo: Este estudo é promissor para
futuras aplicagBes de nanoparticulas de gelatina carregadas com AB para o tratamento de patologias causadas por
Paraccocideoides brasiliensis.

Palavras-chave: Paraccocideoides brasiliensis; Anfotericina B; Drug delivery system; Nanoparticulas.

Resumen

Introduccion: Paraccocideoides brasiliensis (Pb) es una patologia flingica que provoca graves lesiones en la boca en
forma de ulceraciones que destruyen la encia, paladar, repercutiendo en el sistema inmunoldgico. Para el tratamiento
de la Paracoccidioidomicosis (PMC) la eleccion del farmaco se basa en el grado de la enfermedad, siendo la
Anfotericina B (AB) la mas utilizada por su mecanismo de accién e interaccién con la membrana flingica, provocando
su destruccion. Sin embargo, con toda la historia de toxicidad de AB, existe la necesidad de reducir los niveles séricos
de la droga en el cuerpo. El uso de nanoparticulas como sistemas de liberacion controlada (DDS) es una alternativa
para este fin. El objetivo de este articulo fue desarrollar nanoparticulas de gelatina para el tratamiento de patologias
causadas por Pb. Método: En este trabajo, las nanoparticulas de gelatina fueron procesadas por el método de
desolvatacién en dos pasos y cargadas con AB. El sistema de nanoparticulas se caracterizd mediante microscopia
electrénica de barrido (SEM) y dispersién de luz dinamica (DLS). Finalmente, se evalué la efectividad de DDS frente
a levaduras Pb mediante el Disk Diffusion Test. Resultados: las particulas sintetizadas presentaron tamarfios y formas
adecuados para su aplicacion en DDS con un tamafio promedio de 169,4 y 172,0 nm, para el sistema libre y
encapsulado, respectivamente. Las pruebas de modelo biolégico de Pb mostraron resultados positivos que indican que
se pueden administrar de manera eficiente concentraciones mas bajas de AB si se usa DDS nanoestructurado.
Conclusién: Este estudio es prometedor para futuras aplicaciones de nanoparticulas de gelatina cargadas con AB para
el tratamiento de patologias causadas por Paraccocideoides brasiliensis.

Palabras clave: Paraccocideoides brasiliensis; Anfotericina B; Sistema de administracién de farmacos;
Nanoparticulas.

1. Introduction

Paracoccidioidomycosis (PCM) is a systemic mycosis originally described by Adolfo Lutz in 1908, native to Latin

America, with the highest incidence recorded in South American countries (Brazil, Argentina, Colombia and Venezuela). In

Brazil, most cases have been reported in the south, southeast and central-west regions. Paracoccidioidomycosis is endemic

among rural populations, affecting males in the productive age group (30-60 years) and is related to agricultural activities. The

etiologic agent is a thermodimorphic fungus (Paracoccidioides brasiliensis) (Aradjo et al., 2020; Turissini et al., 2017).

Paracoccidioidomycosis represents an important public health problem due to its high disabling potential, in addition to

causing premature deaths (Griffiths et al., 2019).

Pharmacological measures consist of antifungals with effect on P. brasiliensis. The choice of the drug to be

administered depends on various circumstances such as clinical severity, previous history of therapeutic resistance, gastro-

intestinal drug absorption capacity, association with comorbidities, and treatment adherence. P. brasiliensis is sensitive to most

antifungal drugs, including sulfonamides, azoles (ketoconazole, fluconazole, itraconazole, posaconazole, voriconazole),
amphotericin B (AB), and terbinafine (Mahajan, 2014; Ambrdsio et al., 2014; Orofino-Costa et al., 2017)

Sulfamethoxazole-trimethoprim or itraconazole can be used in the mild or moderate localized forms (Borges et al.,
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2014; Mendes et al., 2018) being amphotericin B reserved for the disseminated and severe forms, as in the central nervous
system (CNS) (Hahn & Hamdan, 2000; Alonso et al., 2022).

The mechanism of action of AB is related to the interaction of ergosterol (a component of the fungal cell membrane),
in this way AB will form small holes in the fungal membrane, increasing its permeability and causing the escape of ions and
metabolites, mainly ions of potassium (Baghirova & Kasumov, 2021; Lee & Lee, 2018)

Due to AB affinity for ergosterol, the toxic effect it produces due to its affinity for cholesterol, which is directly
related to the human cell membrane, making it extremely nephrotoxic (Kaminski, 2014). Thus, it is crucial to improve the
therapeutic options.

Amaral et al. (2009) described efficient treatment of PCM in lungs with amphotericin B loaded nanoparticles coated
with dimercaptosuccinic acid (DMSA), emphasizing lung-targeting role of DMSA (Amaral et al., 2009).

Jannuzzi et al. (2018) describe the use of peptide antigens, such as P. brasiliensis P10 incorporated into poly(lactic-
co-glycolic acid) (PLGA) nanoparticles. The authors report that the nanoparticulate system demonstrated an effective immune
response against fungal infections when combined with antifungal drugs, thus increasing therapeutic efficacy against PCM
(Jannuzzi et al., 2018).

Cunha-Azevedo et al. (2018) studied PLGA-DMSA nanoparticles loaded with itraconazole for treatment of PCM
(Cunha-Azevedo et al., 2018). So, nanobiotechnology enables the development of new pharmaceutical formulations for
controlled delivery of drugs, which can avoid many of the problems related to low efficacy and side effects of traditional
drugs. Some of the advantages of using nanoparticles for drug delivery include enhanced stability, controlled release, and
enhanced bioavailability (Mitchell et al., 2021).

To investigate whether this approach reduces the side effects of AB while simultaneously providing a controlled drug
delivery system, AB-loaded gelatin nanoparticles were developed by the two-step desolvation method.

The present study aimed to characterize this nanoparticulate system in terms of its physicochemical properties and to
evaluate its antifungal activity against Paracoccidioides brasiliensis (strain Pb18).

To our knowledge, this study is the first to report a project of a drug delivery system with AB functionalized in gelatin
nanoparticles for the treatment of pathologies caused by Paraccocideoides brasiliensis.

2. Methodology
2.1 Materials

Gelatin Porcine Skin type A Bloom 300 and Amphotericin B were purchase from Sigma-Aldrich (St. Louis). Organic
solvents in analytical grade were purchased from Synth (Brazil) and used as received.

2.2 Fabrication of AB-loaded gelatin nanoparticles

Gelatin nanoparticles (NPG) were prepared by a two-step desolvation method reported by Carvalho et al., (2018),
Ambrosio et al. (2019), de Souza et al. (2021) and Trindade et al. (2022) with minor modifications.

Briefly, 200 mg of gelatin was dissolved in 25 mL of distilled water under constant heating at 40° + 1°C. After total
solubilization, 25 mL of acetone was quickly added as a desolvating agent, causing the precipitation of high molecular weight
gelatin molecules, which is used due to the strong bonds provided by cross-linking (Graziola et al., 2016). The supernatant was
discarded and the molecules with the highest molecular weight of gelatin were redissolved by adding 25 mL of distilled water
under constant heating and magnetic stirring.

AB dissolved in 500 pL of dimethylsulfoxide (DMSQ) was added to the aqueous solution of the polymeric phase,

followed by the dropwise addition of 75 mL of acetone to form NPs. Immediately after the end of the acetone dripping, 1.0 uL
3
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of an aqueous solution of glutaraldehyde (25% v/v) was added as a crosslinking agent. The reaction medium was stirred for 60
minutes at room temperature.

The solution was then incubated overnight at room temperature, at a concentration of 1 mg.mL?* AB. The
unencapsulated AB was removed by centrifugation (Eppendorf Centrifuge 5804 R) at 5000 rpm for 20 minutes and washed
three times with acetone solution (75%). Subsequently, the pellet was suspended with 2.5 mL of acetone solution (75%) and
stored at 4 °C. This procedure produced the AB-encapsulated gelatin nanoparticles (NPG-AB). Obtaining empty gelatin
nanoparticles (NPG) followed the protocol described above, except for the step of adding the AB solution to the reaction

medium (Figure 1).

Figure 1: Gelatin nanoparticle synthesis route.
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Source: Authors.

2.3 Scanning electron microscopy (SEM)

The size and external morphology of NPG and NPG-AB were examined by Scanning Electron Microscopy (SEM) by
the secondary electron method on an EVO-MA10 microscope (Zeiss) with tungsten filament. The sample was prepared for the
test in a sample holder where a drop of solution dispersed under ultrasound in a minimum amount of water was deposited.
Drying was carried out by evaporating the sample holder at room temperature for 24 hours. A thin film of gold was then

deposited on the plasma.

2.4 Steady state measurements

Cary 50 BIO-Varian (Inc. Scientific Instruments) was used for absorption measurements. The spectrophometric
analyses were done with a that was background corrected using matched quartz cuvettes with scanning over the wavelength
range from 300 to 480 nm. To establish linearity of the proposed methods seven calibration curves were constructed at seven
concentrations levels within the range of 0.5 — 5.0 umol.L™. In the spectrophotometric analyses the Beer’s law was obeyed.
Least square regression analysis was done for the data. One-way analysis of variance (ANOVA) and a Lack-of-fit test (p =

0.05) were used to determine whether the linear model adequately explains obtained data.
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2.5 Colloidal stability

Loaded and unloaded nanoparticles were characterized in terms of diameter, {-potential and stability over time by
laser light scattering technique using dynamic light scattering (DLS) (Malvern Zetasizer Nano ZS, Malvern, UK). 0.1 mL of
the AB-loaded gelatin nanoparticles were suspended with 10 mL MilliQ water via vortexation and ultrasonication for 10 min
for the particle size measurement at a scattering angle of 173° at room temperature. The polydispersity index (PDI) was
calculated using the equipment software for DLS measurements. For the colloidal stability and size changing of the particle,
the shelving effect upon the nanoparticulate system characteristics (size distribution and zeta potential) was probed by five
measurements collected at distinct storage times. The samples were storage at 4 °C and kept on dark condition. Analyses were

carried out in time function for 90 days.

2.6 Encapsulation efficiency (EE%0)

Encapsulation efficiency was evaluated by UV-Vis spectroscopy (Cary 50 BIO-Varian) at 419 nm. The drug
encapsulation rate was evaluated by 3 mg of freeze-dried nanoparticles initially dissolved in 2 mL of dimethylsulfoxide
(DMSQ), and 0.5 mL samples were diluted with 2% sodium dodecyl sulfate (SDS) in phosphate buffered saline (PBS) and
magnetically stirred for 1 h at 28 °C. The supernatant was collected, and its AB content was quantified by spectroscopy
techniques. The absorption measurements were carried out with a Cary 50 BIO-Varian, which was background corrected using
matched quartz cuvettes with scanning over the wavelength from 300 to 480 nm. The AB concentrations were measured from

standard curve, and 2% SDS in PBS was used as reference solvent. Encapsulation efficiency was calculated from Eq.(1).

EE (%)= ((Dt-Ds) x 100)/Dt Equation (1)

where, EE is the encapsulation efficiency, Dt is theoretical loading of drug and Ds is the drug concentration in the

supernatant.

2.7 In vitro drug release

For the in vitro drug release, briefly, 50 mg of particles containing AB was dispersed in 50 mL of 2% SDS phosphate
buffered saline, pH 7.4, at 37 °C. and at predetermined time intervals, an aliquot (1.5 mL) was withdrawn, replaced with the
fresh one, and analyzed by UV-Vis spectrophotometer at 419 nm. The amount of drug released (DR) was determined by the

equation (2).

DR (%)= Dt/DO x 100 Equation (2)

where D(t) (mg) represents the amount of drug released at time t, and D(0) (mg) the amount of drug loaded. All

studies were conducted in triplicates.

2.8 In vitro experiments
2.8.1 Cell and culture description

Yeast cells of Paracoccidioides brasiliensis, isolate 18, (Pb18) were maintained in glass tubes containing solid YPD
medium at 4 °C. Yeast culture was obtained by inoculating two yeasts in 20 mL of YPD liquid medium (0.5% yeast extract,

1% peptone, 0.5% dextrose, sterilized by autoclaving) and incubation for 4 days, under agitation, at 36 °C.


http://dx.doi.org/10.33448/rsd-v11i12.34460

Research, Society and Development, v. 11, n. 12, e165111234460, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i12.34460

2.8.2 Disk diffusion test

For the beginning of the experiments, the yeasts were collected by centrifugation (12,000 rpm, 10 minutes), washed
twice in saline solution (0.9% NaCl, sterilized by autoclaving). For the yeasts to be disassembled, after washing, they were
subjected to two successive passages through needles of different gauges, 25x8 and 25x7, and the cell suspension was
collected after resting for 5 to 10 min. Cell concentration was obtained by counting in a Neubauer chamber, in the presence of
the vital dye methylene blue, and adjusted with the same solution to 1x10° cells/mL. One milliliter of culture containing 1x108
Pb18 yeast cells was inoculated into petri dishes containing 20 mL. Cells were spread using a Drigalsky loop. Sterile 6 mm
diameter filter papers were added to the inoculated yeasts, on which 10 pL of different concentrations of amphotericin B and
nanoencapsulated amphotericin B were added.

2.8.3 Statistical analysis
The tests were performed in quadruplicate, and all data were submitted to ANOVA followed by the Tukey test.
Microsoft Excel was used to generate the charts. All data are expressed as the mean * standard deviation (SD). A probability

value of p <0.05 was considered significant in this study.

3. Results and Discussion

The two-step desolvation process has been the most used technique to obtain gelatin nanoparticles, and this technique
is based on the addition of a desolvating agent to the aqueous solution of gelatin to dehydrate the gelatin molecules, resulting
in the conformational change of the helix triple (Ahsan & Rao, 2017a).

Ahsan and Rao (2017) report that gelatin denaturation is a reversible phenomenon and that its solubilization after the
first desolvation step confirms the ability of gelatin to re-solubilize after removing the desolvating agent (Ahsan & Rao,
2017b). The use of smaller amounts of acetone in the second desolvation step is important when it is necessary to preserve the
tri-helical structure. However, to produce gelatin nanoparticles by the desolvation process it becomes feasible at higher levels
of acetonation.

In this work, the gelatin nanoparticles for AB encapsulation were prepared by two-step desolvation methodology. This
method is advantageous because it is hontoxic, rapid in reaction rate, and produces very small particles (Hong et al., 2020).

The SEM studies indicated that the obtained nanoparticles were almost spherical in shape as shown in Figure 2.

Figure 2: SEM images of nanoparticles: (a) NPG, (b) NPG-AB.

Source: Authors.

Figure 2 shows that the particles formed have spherical shapes as predicted by Ambrdsio et al. (2019) showing that

the two-step desolvation process was efficient to obtain the NPGs. The use of glutaraldehyde as a stabilizing agent for the
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cross-linking of gelatin nanoparticles proved to be efficient (Satar et al., 2017), the amine groups present in the gelatin
structure are responsible for the interaction with the glutaraldehyde molecules resulting in the crosslinking of the gelatin
particles through bonds between their hydroxyl and amine groups, giving them a spherical shape (Joy et al., 2016).

The higher initial concentration of gelatin in the desolvation process favors denaturation, facilitating the process of
breaking the triple helix (Shamarekh et al., 2020). The structural reorganization of gelatin forming the nanospheres is
concentration-dependent, so the higher initial gelatin concentration, low acetone concentration, and low glutaraldehyde
concentration in the cross-linking step are indicated to preserve the gelatin structure during the nanoparticle synthesis process
for specific applications (Subara et al., 2018).

The results of the DLS measurements show a monomodal and broad peak of particle size distribution for both samples
with a mean diameter of 169.4 + 39.8 and 172.0 = 37.7 nm, for the NPG and NPG-AB respectively, which shows the

uniformity of the particles (Figure 3).

Figure 3: Size distribution of the nanoparticle measured DLS from (a) gelatin nanoparticles; (b) NPG-AB.
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Source: Authors.

Particle uniformity/homogeneity was also confirmed by the polydispersity index (PDI ranges from 0.0 for a perfectly
uniform sample with respect to particle size; to 1.0 for a highly polydisperse sample with various particle sizes of populations).
The analysis of the synthesized NPG's found a PDI of 0.15 + 0.01 and for the NPG-AB it was found a PDI of 0.18 £ 0.02,
which shows indices of monomodal polydispersity and system homogeneity.

In drug delivery applications using nanoformulations, a PDI of 0.3 and below is considered acceptable and indicates a
homogeneous population (Danaei et al., 2018).

The variation in size and PDI of nanoparticulate carrier systems can affect drug encapsulation and delivery (Azimi et
al., 2014). Using the two-step desolvation methodology, the low molecular weight gelatin chains were discarded in the first
desolvation step and, later, the high and uniform molecular weight gelatin molecules were used to produce nanoparticles,
which ensured the lowest PDI, indicating that two-step desolvation is recommended for obtaining AB-encapsulated gelatin-

based systems.
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The surface potential of NPG was found at a value of +32.1 mV and for NPG-AB +32.4 mV, the positive charge of
the Zeta potential confers greater stability on the NPG (Pompeu et al., 2018). In both cases the potential remained stable for 90
days.

The amount of drug adsorbed on the particles was determined by UV-Visible spectrometry (Figure 4).

Figure 4: (a): Absorption spectra of AB at different concentrations (0.5 - 5.0 pmol.L™"). In DMSO; (b): plot of AB
concentration vs. absorbance.
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A satisfactory linearity was detected for the spectrophotometric method in the concentration range from 0.5 to 5.0
pumol.LL. Least squares regression analysis was excellent with correlation coefficient (r?=0.99827). NPG-AB were initially
characterized at steady state by absorbance spectroscopy (Figure 5).

Figure 5: Absorption spectra of AB (2 umol.L™) in DMSO: (-) AB standard and (--) AB extracted from gelatin nanoparticles.
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Analyzing the AB spectrum, we observed that there was no change in the physicochemical behavior of the drug,
maintaining the absorption spectrum of 419 nm.

The drug was loaded onto the surface of the NPG's by adsorption and the encapsulation efficiency (EE) was 88 %,
which was satisfactory.

Saqib et al. (2020) produced polycaprolactone nanoparticles (PCL) nanoparticles for AB loading by nanoprecipitation
technique for the treatment of topical leishmaniasis infections (Sagib et al., 2020). The authors determine encapsulation
efficiency of 85%.

The in vitro release behavior of AB in the nanoparticulate system was investigated (Figure 6).

Figure 6: The in vitro release profile of AB loaded gelatin nanoparticles. Mean values and their standard deviations (bars), n =

3 determinations.
60
50
20 e -
30

20 l’
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] 20 40 60 80 100 120 140 160
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Source: Authors.

The formulation produced a biphasic AB release profile with an initial burst effect in which the AB release varied
between 34% at the first sampling time (24 h) for NPG-AB. This rapid release is related to the AB adsorbed on the surface of
the nanoparticles (Sheskin et al., 2021) and/or to the release of the drug encapsulated near the surface of the nanoparticles.
After this phase, a low constant release of AB up to 45% for NPG-AB, up to 168 h, shows a typical sustained and prolonged
drug release that depends on drug diffusion and matrix erosion mechanisms (Geraili, Xing & Mequanint, 2021).

Ghosh et al. (2017) synthesized amphotericin B-loaded poly (L-lactic acid-co-glycolic acid), PLGA nanoparticles for
the treatment of visceral leishmaniasis (Ghosh et al., 2017). The authors carried out the study of the cumulative drug release in
vitro for 360 h and found that 63.48% + 1.08% of amphotericin B was released from the formulation.

In vitro assays using the disk diffusion test were able to identify the efficiency of the nanostructured formulation

compared to free AB. The results were evaluated by measuring the inhibition halo of the samples (Table 1).
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Table 1: Results of Disk Diffusion Test. Relation of the mean diameter of the halo and the concentration of the formulation
studied.

Concentration AB NPG-AB
(mg.mL?) (mm) (mm)
@ 0.5 7.0 18.0
3
S 2
5 & 1.0 18.0 19.0
L =
3 @
g 8 1.5 17.0 17.0
E Q
[
2.0 17.0 20.0

Source: Authors.

For P. brasiliensis yeasts, isolate 18 (Pb18), the antifungal activity of Amphotericin B preparations were similar at
concentrations of 1.0 mg.mL* and 1.5 mg.mL. However, nanostructured amphotericin B showed more effective antifungal
activity at a concentration of 0.5 mg.mL"? (18 mm halo) when compared to pure Amphotericin B (7 mm halo) which did not
reach the considered halo size effective in the literature (Sheskin et al., 2021). At the concentration of 2.0 mg.mL™*
nanostructured amphotericin B, it also showed an important difference in the measurement of the halo, figure 7, when

compared with pure amphotericin B on yeasts of Pb18, 20 mm and 17 mm, respectively.

Figure 7: Disk diffusion method: Antifungal activity in solid medium against Paraccocideoides brasiliensis at different
concentrations of nanostructured amphotericin B (NPG-AB) and pure amphotericin B (NPG) on Paracoccidioides brasiliensis
yeasts (isolate 18).

Paracoccidioides brasiliensis | Paracoccidioides brasiliensis
NPG-AB

Source: Authors.

The comparison between the data in Table 1 and Figure 7 shows that the halos formed in the assay using
nanostructured amphotericin B had a larger diameter compared to the halos formed by Pure Amphotericin B, that is, a
concentration of 0.5 mg.mL"* of NPG-AB was more effective compared to the test with free AB. Thus, the toxic effects of the

drug will be lower with the use of nanostructured AB.

4. Conclusion

The present work proposed the synthesis of gelatin nanoparticles loaded with amphotericin B for the treatment of
paracoccidioidomycoses. The synthesis of the nanoparticles was carried out by the two-step desolvation method to produce
spherical and uniformly sized nanoparticles and with encapsulation efficiency of 88%. The controlled-release study

demonstrated its constant release over 168 hours. In the disk diffusion test, the concentration of 0.5 mg.mL™? of NPG-AB
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proved to be more effective compared to the assay with free AB, that is, the toxic effects of the drug will be lower with the use
of nanostructured AB. This study is promising for future applications of gelatin nanoparticles loaded with AB for the treatment
of pathologies caused by Paraccocideoides brasiliensis. Over the next few years, we hope to enhance the targeting and
specificity of novel nanoparticle delivery systems and expand the routes of administration, with the potential patient benefit
always.

Acknowledgments
The authors acknowledge the financial support offered by the Brazilian Agency CNPq (Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico) with the Project number 426625/2016-1.

References

Ahsan, S. M. & Rao, C. M. (2017a). The role of surface charge in the desolvation process of gelatin: implications in nanoparticle synthesis and modulation of
drug release. International Journal of Nanomedicine. 12, 795-808.

Ahsan, S. M.& Rao, C. M. (2017b). Structural studies on aqueous gelatin solutions: Implications in designing a thermo-responsive nanoparticulate
formulation. International Journal of Biological Macromolecules. 95, 1126-1134.

Alonso, L., Rocha, O. B., de Carvalho Junior, M. A. B., Soares, C. M. A., Pereira, M.& Alonso, A. (2022). Paracoccidioides brasiliensis plasma membrane
characterization by EPR spectroscopy and interactions with amphotericin B, miltefosine and nerolidol, Journal of Biomolecular Structure and Dynamics. doi:
10.1080/07391102.2022.2093274

Amaral, A. C., Bocca, AA. L., Ribeiro, A. M., Nunes, J., Peixoto, D. L. G., Simioni, A. R., Primo, F. L., Lacava, Z. G. M., Azevedo, R. B., Titze-de-Almeida,
R., Tedesco, A. C., Morais, P.C. & Felipe, M. S. S. (2009). Amphotericin B in poly(lactic-co-glycolic acid) (PLGA) and dimercaptosuccinic acid (DMSA)
nanoparticles against paracoccidioidomycosis, Journal of Antimicrobial Chemotherapy. 63, 526-533.

Ambroésio, A. V. A., Camelo, C. C. S., Barbosa, C. V., Brazdes, F. A. S., Rodrigues, L. F., Aguiar, R. A, Siqueira, V. S., Jardim, V. B., de Moura, A. C. L.,
Santos, L. S., da Cruz, S. D., Siqueira, W. C., Rocha-Silva, F., Caligiorne, R. B., Gées, A. M. & Pedroso, E. R. P. (2014). Paracoccidioidomycosis (Lutz-
Splendore-Almeida disease): treatment, duration of treatment, recurrence, paradoxical reaction, prognosis, prophylaxis. Revista Médica de Minas Gerais. 24,
71-77.

Ambrosio, J. A. R, Pinto, B. C. S., Godoy, D. S., Carvalho, J. A., Abreu, A. S., da Silva, B. G. M., Leonel, L. C., Costa, M. S., Beltrame Junior, M. &
Simioni, A. R. (2019). Gelatin nanoparticles loaded methylene blue as a candidate for photodynamic antimicrobial chemotherapy applications in Candida
albicans growth. Journal of Biomaterials Science, Polymer Edition, 30, 1356-1373.

Aragjo, M. V., Dos Santos Junior, S. R., Nosanchuk, J. D. & Taborda, C. P. (2020). Therapeutic Vaccination with Cationic Liposomes Formulated with
Dioctadecyldimethylammonium and Trehalose Dibehenate (CAF01) and Peptide P10 Is Protective in Mice Infected with Paracoccidioides brasiliensis.
Journal of Fungi, 6, 347-362.

Azimi, B., Nourpanah, P., Rabiee, M. & Arbab, S. (2014). Producing Gelatin Nanoparticles as Delivery System for Bovine Serum Albumin. Iranian
Biomedical Journal, 18, 34-40.

Baghirova, A. A. & Kasumov, K. M. (2021). Antifungal macrocycle antibiotic amphotericin B - its present and future. Multidisciplinary perspective for the
use in the medical practice. Biomeditsinskaya Khimiya, 67, 311-322.

Borges, S. R. C., da Silva, G. M. S., Chambela, M. C., de Oliveira, R. V. C., Costa, R. L. B., Wanke, B. & do Valle, A. C. F. (2014). Itraconazole vs.
trimethoprim-sulfamethoxazole: A comparative cohort study of 200 patients with paracoccidioidomycosis, Journal of Medical Mycology, 52, 303-310.

Carvalho, J. A., Abreu, A. S., Ferreira, V. T. P., Gongalves, E. P., Tedesco, A. C., Pinto, J. G., Ferreira-Strixino, J., Beltrame Junior, M. & Simioni, A. R.
(2018). Preparation of gelatin nanoparticles by two step desolvation method for application in photodynamic therapy. Journal of Biomaterials Science,
Polymer Edition, 29, 1287-1301.

Cunha-Azevedo, E. P., Py-Daniel, K. R., Siqueira-Moura, M. P., Bocca, A. L., Felipe, M. S. S., Tedesco, A. C., Pires Junior, O. R. , Lucci, C. M. & Azevedo,
R. B. (2018). In vivo evaluation of the efficacy, toxicity and biodistribution of PLGA-DMSA nanoparticles loaded with itraconazole for treatment of
paracoccidioidomycosis, Journal of Drug Delivery Science and Technology, 45, 135-141.

Danaei, M., Dehghankhold, M., Ataei, S., Hasanzadeh, F. D., Javanmard, R., Dokhani, A., Khorasani, S. & Mozafari, M. R. (2018). Impact of Particle Size
and Polydispersity Index on the Clinical Applications of Lipidic Nanocarrier Systems. Pharmaceutics, 10, 57-73.

de Souza, C., Carvalho, J. A., Abreu, A. S,, de Paiva, L. P. , Ambroésio, J. A. R., Beltrame Junior, M., de Oliveira, M. A., Mittmann, J. & Simioni, A. R.
(2021). Polyelectrolytic gelatin nanoparticles as a drug delivery system for the promastigote form of Leishmania amazonensis treatment. Journal of
Biomaterials Science, Polymer Edition, 32, 1-21.

Geraili, A., Xing, M. & Mequanint, K. (2021). Design and fabrication of drug-delivery systems toward adjustable release profiles for personalized treatment.
View, 2, 1-24.

11


http://dx.doi.org/10.33448/rsd-v11i12.34460

Research, Society and Development, v. 11, n. 12, e165111234460, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i12.34460

Ghosh, S., Das, S., De, A. K., Kar, N. & Bera, T. (2017). Amphotericin B-loaded mannose modified poly(D,L-lactide-co-glycolide) polymeric nanoparticles
for the treatment of visceral leishmaniasis: in vitro and in vivo approaches. RSC Advances, 7, 29575-29590.

Graziola, F., Candido, T. M., de Oliveira, C. A., Peres, D. D., Issa, M. G., Mota, J., Rosado, C., Consiglieri, V. O., Kaneko, T. M., Velasco, M. V. R. & Baby,
A. R. (2016). Gelatin-based microspheres crosslinked with glutaraldehyde and rutin oriented to cosmetics. Brazilian Journal of Pharmaceutical Sciences, 52,
603-612.

Griffiths, J., Colombo, A. L. & Denning D. W. (2019). The case for paracoccidioidomycosis to be accepted as a neglected tropical (fungal) disease. PLOS
Neglected Tropical Diseases, 13, €0007195-e0007204.

Hahn, R. C. & Hamdan, J. S. (2000). Effects of Amphotericin B and Three Azole Derivatives on the Lipids of Yeast Cells of Paracoccidioides brasiliensis.
Antimicrobial Agents and Chemotherapy, 44, 1997-2000.

Hong, S., Choi, D. W., Kim, H. N., Park, C. G., Lee, W. & Park, H. H. (2020). Protein-Based Nanoparticles as Drug Delivery Systems. Pharmaceutics, 12,
604-632.

Jannuzzi, G. P., Souza, N. A,, Frangoso, K. S., Pereira, R. H., Santos, R. P., Kaihami, G. H., de Almeida, J. R. F., Batista, W. L., Amaral, A. C., Maranhdo, A.
Q., de Almeida, S. R. & Ferreira, K. S. (2018). Therapeutic treatment with scFv-PLGA nanoparticles decreases pulmonary fungal load in a murine model of
paracoccidioidomycosis. Microbes and Infection, 20, 48-56.

Joy, J., Gupta, A., Jahnavi, S., Verma, R. S., Ray, A. R. & Gupta, B. (2016). Understanding the in situ crosslinked gelatin hydrogel. Polymer International, 65,
181-191.

Kaminski, D. M. (2014). Recent progress in the study of the interactions of amphotericin B with cholesterol and ergosterol in lipid environments. European
Biophysics Journal, 43, 453-467.

Lee, H. & Lee, D. G. (2018). Novel Approaches for Efficient Antifungal Drug Action. Journal of Microbiology and Biotechnology, 28, 1771-1781.
Mahajan, V. K. (2014). Sporotrichosis: An Overview and Therapeutic Options, Dermatology Research and Practice, 2014, 1-13.

Mendes, G., Baltazar, L.M., Souza, D.G., S, N.P., Rosa, L.H., Rosa, C.A., Souza-Fagundes, E.M., Ramos, J.P., Alves-Silva, J., Cota, B.B. & Johann, S.
(2018). Effects of cytochalasin E on Paracoccidioides brasiliensis. Journal of Applied Microbiology, 125, 1296-1307.

Mitchell, M. J., Billingsley, M. M., Haley, R. M., Wechsler, M. E., Peppas, N. A. & Langer, R. (2021) Engineering precision nanoparticles for drug delivery.
Nature Reviews Drug Discovery, 20, 101-124.

Orofino-Costa, R., de Macedo, P. M. & Rodrigues, A. M. (2017). Sporotrichosis: an update on epidemiology, etiopathogenesis, laboratory and clinical
therapeutics. Anais Brasileiros de Dermatologia, 92, 606-620.

Pompeu, L. D., Pinton, A. P, Finger, M. G., Cado, R. G., Severo, V. A,, Pinheiro, L. & Bulhdes, L. O. (2018). Evaluation of stability of aqueous dispersions
using zeta potential data. Revista Disciplinarum Scientia. Série Ciéncias da Saude, 19, 381-388.

Saqib, M., Bhatti, A. S. A., Ahmad, N. M., Ahmed, N., Shahnaz, G., Lebaz, N. & Elaissari, A. (2020). Amphotericin B Loaded Polymeric Nanoparticles for
Treatment of Leishmania Infections, Nanomaterials (Basel), 10, 1152-1167.

Satar, R., Jafri, M. A., Rasool, M. & Ansari, S. A. (2017). Role of Glutaraldehyde in Imparting Stability to Immobilized B-Galactosidase Systems. Brazilian
Archives of Biology and Technology., 60, e17160311- e17160322.

Shamarekh, K. S., Gad, H. A., Soliman, M. E. & Sammour, O. A. (2020). Towards the production of monodisperse gelatin nanoparticles by modified one step
desolvation technique. Journal of Pharmaceutical Investigation, 50, 189-200.

Sheskin, T., Geyer, O., Lotan, N. & Sivan, S. S. (2021). Controlled and time-scheduled drug delivery: Polyanhydride-based nanoparticles as ocular medication
carriers. Polymers for Advanced Technologies, 32, 1-9.

Subara, D., Jaswir, I., Alkhatib, M. F. R. & Noorbatcha, I. A. (2018). Synthesis of fish gelatin nanoparticles and their application for the drug delivery based
on response surface methodology. Advances in Natural Sciences: Nanoscience and Nanotechnology,9, 1-12.

Trindade, A. C., de Castro, P. A. R. R., Pinto, B. C. S., Ambroésio, J. A. R., de Oliveira Junior, B. M. , Beltrame Junior, M. Gongalves, E. P., Pinto, J. G.,
Ferreira-Strixino, J. & Simioni, A. R. (2022). Gelatin nanoparticles via template polymerization for drug delivery system to photoprocess application in cells.
Journal of Biomaterials Science, Polymer Edition, 33, 551-568.

Turissini, D. A., Gomez, O. M., Teixeira, M. M., McEwen J. G. & Matute, D. R. (2017). Species boundaries in the human pathogen Paracoccidioides. Fungal
Genetics and Biology, 106, 9-25.

12


http://dx.doi.org/10.33448/rsd-v11i12.34460

