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RESUMO

A leishmaniose € uma doenca parasitaria infecciosa causada por varias espécies
de protozoérios do género Leishmania que acomete o homem e diferentes espécies
de animais, induzindo lesbes mucocutaneas. O objetivo deste estudo foi avaliar o
efeito inibitorio de microparticulas de vidro bioativo dopado com prata sobre formas
promastigotas de Leishmania amazonenses (L.Amazonensis) e Leishmania
braziliensis (L. braziliensis). Microparticulas de vidro bioativo puro (Bioactive Glass-
BG) e dopado com prata (BGAgl e BGAg2) pertencentes ao sistema 58SiO2-(36-
X)Ca0-6P20s5-xAg20 com x = 0, 1 e 2 mol%, respectivamente, foram sintetizadas
através do método sol-gel e caracterizadas por Microscopia Eletrénica de Varredura
(SEM), Analise Termogravimétrica (TGA), Difratometria de Raios-X (XRD) e
Espectroscopia de Adsor¢do no Infra-Vermelho com Transformada de Fourier
(FTIR). A citotoxicidade do BG e BGAg em células humanas foi avaliada a partir da
resposta de células de adenocarcinoma pulmonar da linhagem A549. As culturas
de formas promastigotas de L. Amazonensis e L. braziliensis foram expostas as
amostras de BG, BGAgl e BGAg2 por 24h. Em seguida, 0,5 mM de resazurina foi
adicionada a cultura e leituras de absorbancia foram realizadas apos 48, 72 e 96h
de incubacédo. O percentual de reducao da resazurina por grupo foi obtido a partir
de uma calculadora (ABD Serotec®) e as formas promastigotas viaveis foram
contadas em camara de Neubauer. As imagens da SEM mostraram particulas
micrométricas com superficie irregular e porosa. A TGA demonstrou, para as
amostras com prata, um pico endotérmico em torno de 497°C associado a
decomposicdo do 6xido de prata. Os padrées de XRD exibiram caracteristicas
essencialmente amorfas correspondentes ao BG. As curvas de FTIR revelaram os
principais modos vibracionais, incluindo: vibracdo assimétrica de alongamento do
Si-O-Si (1000-1200 cm™t), vibragdo simétrica de alongamento do Si-O-Si (750-800
cm1), modo de flexdo do Si-O-Si (450-480 cm?) e flexdo assimétrica do PO43(570-
600 cm™). No que se refere a citotoxicidade, o BGAg mostrou comportamento ndo
toxico. O BGAg1l- 300ug/mL inibiu L. amazonensis e 0 BGAg2- 300ug/mL inibiu L.
braziliensis com 97,6% e 92% de eficicia, respectivamente. A contagem em
camara de Neubauer confirmou a eficacia do BGAg2 nas concentracfes de 150 e
300ug/mL revelando a auséncia de células viaveis. Em conclusédo, o BGAg2- 150
e 300 pug/mL inibiu o crescimento e proliferacdo de L.amazonensis e L. braziliensis
na forma promastigota e poderia ser utilizado em outros estudos, como
investigacgdes in vivo, que sdo necessarios para verificar a atividade do BGAg nas
formas amastigotas de Leishmania.

Palavras- chave: Leishmaniose, Prata, Vidro Bioativo, Sintese Sol-gel.
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ABSTRACT

Leishmaniasis is a parasitic infectious disease caused by several species of
protozoa of the genus Leishmania affecting humans and different animal species,
inducing mucocutaneous lesions. The purpose of this study was to evaluate the
inhibitory effect of silver doped bioactive glass microparticles over promastigote
forms of Leishmania amazonensis (L.Amazonensis) and Leishmania braziliensis
(L. braziliensis). Microparticles of bioactive glass (BG) and doped with silver (BGAg1
and BGAg2) belonging to the system 58SiO2-(36-x)Ca0-6P20s-xAg20 with x =0, 1
and 2 mol%, respectively were synthesized via sol-gel method and characterized
by Scanning Electron Microscopy (SEM), Thermal Gravimetric Analysis (TGA), X-
Ray Diffraction (XRD) and Fourier Transform Infrared Espectroscopy (FTIR). The
cytotoxity of the BG and BGAg in human cells was assessed from the response of
A549 lung adenocarcinoma ephitelial cells line. L.Amazonensis and L. braziliensis
promastigote cultures were exposed to BG, BGAgl and BGAg2 for 24h. Then, 0.5
mM resazurin was added to culture and absorbance readings were assessed after
48, 72 and 96 hours of incubation. The percentage of resazurin reduction per group
was obtained from a calculator (AbDSerotec®) and viable promastigote forms were
counted on Neubauer chamber. SEM images showed micrometric particles with
irregular and porous surface. TGA analysis demonstrated, for samples doped with
silver, an endotermic peak around 497°C associated to silver oxide decomposition.
The XRD patterns exhibit mainly amorphous characteristics corresponding to BG.
FTIR curves revealed main vibrational modes including Si-O-Si asymmetric
stretching vibration (1000-1200 cm™), Si-O-Si symmetric stretching vibration (750-
800 cmY), Si-O-Si bending mode (450-480 cm™) and PO42 antisymmetric bending
(570-600 cm™?). Reffering to cytotoxicity, BGAg showed non-toxic behavior. BGAg1-
300ug/mL inihibited L. amazonensis and BGAg2 300 pg/mL inihibited L. braziliensis
with 97,6 % and 92% of efficacy, respectively. The count on Neubauer chamber
confirmed the efficacy of BGAg2 in 150 e 300 yg/mL concentrations revealing
absence of viable cells. In conclusion, the BGAg2- 150 and 300 pug/mL inhibited the
growth and proliferation of L.amazonensis and L. braziliensis on promastigote form
and could be used in other studies, like in vivo investigations that are necessary to
verify the BGAg ativity on Leishmania amastigotes forms.

Keywords: Leishmaniasis, Silver, Bioactive glass, Sol-gel synthesis.



LISTA DE ABREVIATURAS E SIGLAS

BG-Bioactive Glass
BGAg- Silver doped bioactive glass

CaO- Calcium oxide
DNA — Desoxyribonucleic acid

XRD- X-Ray Diffraction

FBS- Fetal bovine serum

FTIR - Fourier Transform Infrared Espectroscopy
L.-Leishmania

LTA- Leishmaniose Tegumentar Americana
Min- Minutes

mL— Mililiter

Na20 - Sodium oxide

pH - Hydrogenionic potential

P20s - Phosphorus pentoxide
RNA-Ribonucleic acid

SiO2-Silicon dioxide

TCP - Tricalcium phosphate

TEOS- Tetraethylorthosilicate

TEP - Triethyl phosphate

TGA - Thermal Gravimetric Analysis

SEM - Scanning Electron Microscopy
HUg- Microgram

°C — Celsius

pm-Micrometer

mM-Milimolar



SUMARIO

1. INTRODUGAO. ..ottt ettt ettt enn, 1
2 07 =1 U 1 e RO 5
3. CONSIDERAGCOES GERAIS.......ooooeeeeeeeeee e, 27
A, CONCLUSAO .....ccoiieeceee ettt ettt ettt 28
REFERENCIAS .....oooiieeieeeee ettt ettt ettt ettt et e et et eaesee e e 29
ANEXOS ...ttt ettt ettt e ettt et et ettt ere ettt nn et et ennans 34

Xi



1. INTRODUCAO

A leishmaniose é uma doenca parasitaria causada por protozoarios do género
Leishmania, que acomete o homem e diversas espécies animais silvestres e
domésticos. Pode manifestar-se em diferentes formas clinicas, como a Leishmaniose
tegumentar americana (LTA) que representa um problema de saude publica
(CARRION et al, 2008) e se apresenta clinicamente como les6es na forma de Ulceras,
nédulos, papulas ou placas nas partes expostas do corpo ou membranas mucosas
(MEARS et al, 2015).

A LTA é endémica em 88 paises e afeta cerca de 12 milhdes de pessoas
(WHO/TDR, 2013). No Brasil, no periodo de 1985 a 2005, verificou-se uma média
anual de 28.568 casos autdctones registrados e coeficiente de deteccdo médio de
18,5 caso0s/100.000 habitantes (BRASIL, 2010). As principais espécies de Leishmania
responsaveis pela transmissao da LTA no Brasil sdo L. braziliensis e L. amazonensis.
A L. amazonensis esta associada a leishmaniose cutanea difusa, enquanto a L.
braziliensis causa lesdes cutaneas e esta relacionada a leishmaniose mucosa, sendo
esta condicdo de dificil tratamento e progndstico regular quanto a possibilidade de
cura. A transmissao da doenca para o homem se da através da picada das fémeas de
flebotomineos infectadas com Leishmania (WHO/TDR, 2013).

O trato respiratério, nariz e cavidade oral sdo os sitios iniciais mais frequentes
da leishmaniose mucosa. Na cavidade oral, esta ocasiona danos como perdas
dentarias e obstrucdo respiratéria. As lesbes sdo destrutivas e podem acometer
membranas mucosas do nariz, mucosa jugal, labio, palato (duro e mole), orofaringe e
laringe (STRAZZULLA et al, 2013).

A Leishmania se apresenta durante o seu ciclo de vida nas formas
promastigota e a amastigota. A forma promastigota € encontrada no tubo digestivo do
vetor, sendo esta, a principal responsavel pela transmissado da doenca, enquanto a
forma amastigota € encontrada no hospedeiro vertebrado. Os macrofagos constituem
o reservatorio da LTA e séo as primeiras células a serem infectadas ap0s a inoculacéo
do parasita na da pele (NEVES et al, 2011).

O antimonial pentavalente é a base terapéutica no tratamento da

leishmaniose e comecou a ser utilizado em 1912, sendo que a formulacdo corrente



tem sido usada desde 1945. S&o utilizados dois antimoniais pentavalentes: o
Estibogluconato de Sddio (Pentostan do Wellcome Foundation, London, UK) e o
Antimoniato de N-metilglucamina (Glucantime do Rhone Poulenc, Paris, France)
(VRIES, 2015).

No Brasil, o farmaco de primeira escolha é o Glucantime. Esse medicamento,
no entanto, apresenta dificuldades de administracdo e alto custo. Os antimoniais
pentavalentes, no geral, apresentam importantes efeitos colaterais que incluem
mialgia, artralgia, aumento sérico das enzimas hepaticas, pancreatite, disfuncéo
gastrintestinal, dores musculares difusas, enrijecimento das articulacdes, arritmias,
pancitopenia, insuficiéncia renal reversivel e cardiotoxicidade (SUNDAR; OLLIARO,
2007).

A miltefosina (hexadecilfosfocolina), assim como a Anfotericina B, tém sido
usadas como drogas de segunda escolha nos casos de resisténcia aos antimoniais
(CONTI, PINTO JUNIOR, 2015; SILVA-LOPEZ, 2010). Esses medicamentos, no
entanto, também apresentam toxicidade elevada e séo ineficazes em muitos casos
(TEIXEIRA et al, 2013).

Assim, apesar da existéncia de tratamento para a leishmaniose, muitas
desvantagens limitam o uso das drogas de escolha (MORAIS-TEIXEIRA et al, 2013).
Apesar do continuo desenvolvimento de pesquisas relacionadas as doencas
negligenciadas, os resultados obtidos nem sempre se revertem em avangos
terapéuticos. Uma das razdes para esse quadro € o baixo interesse da industria
farmacéutica nesse tema, justificado pelo reduzido potencial de retorno lucrativo para
a indastria, uma vez que a populacdo atingida é, em sua maioria, de baixa renda
(MINISTERIO DA SAUDE, 2010).

Diante disso, o desenvolvimento de novas terapias e drogas para o
tratamento da leishmaniose ainda sédo uma necessidade urgente (FREITAS-JUNIOR
et al, 2012).

Na ciéncia médica atual os biomateriais desempenham um papel importante,
substituindo o6rgédos, tecidos e modificando as suas fun¢des. Entre eles, os vidros
bioativos estdo sendo usados nas areas de odontologia e ortopedia (BALAMURUGAN
et al, 2008).

O vidro bioativo (Bioactive Glass -BG), descrito inicialmente por Hench, &

composto principalmente por diéxido de silicio (SiO2), 6xido de célcio(CaO), pentoxido



de fosforo(P20s) e 0xido de sodio (Na20O)(HENCH et al, 1971). A sua estrutura consiste
em uma rede de SiO2 tendo o P20s como coadjuvante e o CaO e o Na2O como
modificadores (SHIRTLIFF; HENCH, 2003). O BG tem como principal método de
producdo o processamento Sol-Gel que consiste na hidrolise do tetraetilortosilicato
Si(OC2Hs) em meio acido, produzindo SiO2 na forma semelhante ao vidro (HENCH,;
WEST, 1990). A bioatividade desse material concedeu sua aplicacdo no campo da
regeneracao e engenharia tecidual (JONES et al, 2006; SHIRTLIFF; HENCH, 2003).

Dentre as aplicagbes do BG, pode-se citar 0 uso como: enxertos para
preenchimento de espacos corpéreos (GOH et al, 2007), revestimento para implantes
0sseos (AL-NOAMAN et al, 2013a; AL-NOAMAN et al, 2013b) arcabouco para reparo
tecidual com arranjo poroso semelhante ao trabeculado 6sseo (JONES et al, 2006).
Materiais bioativos, como o BG, podem desenvolver no osso ligacbes quimicas
capazes de permitir a integracdo do biomaterial a area receptora (AL-NOAMAN et al,
2013b).

O emprego do BG vai além dos tecidos duros. Pesquisas apontam para
notaveis propriedades em tecidos moles. Ostomel et al (2006) observaram uma
diminuicdo do tempo de coagulagdo sanguinea induzida pela presenca de
microesferas porosas de BG. Esse material também pode ter atividade na
angiogénese, o que é importante para a cicatrizacdo de feridas em tecidos moles
(HATCH et al, 2014; HANDELet al, 2013). A inducéo do reparo tecidual pelo BG 58S
(SGBG-58S), BG em escala nanométrica (NBG-58S) e do derivado do BG 45S5 pode
ser constatada no estudo de Lin et al (2012), onde feridas em ratos tratadas com esse
material tiveram o tempo de cicatrizacao reduzido quando comparadas ao controle.
Esse resultado sugere a possibilidade de uso do BG para facilitar o processo de
cicatrizacdo de ferimentos em pele, como € o caso das lesGes ocasionadas pela

leishmaniose.

O BG pode, ainda, ser conjugado a Prata (Ag), conferindo-lhe propriedades
antimicrobianas. Day et al (2005b), utilizando esferas de silica porosas produzidas em
passo unico com brometo de cetiltrimetilaménio e conjugadas ao Ca(NOs)2 e ao
AgNOs3, observaram efeito antimicrobiano sobre E. coli e S. aureus. Os ensaios de
Zhu et al (2014) constataram que o BG poroso 58S (SM58S), preparado a partir da

modificacao superficial do BG poroso 58S (M58S) pelosilano KH-550 e carregado com
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ions de Ag, também tiveram significante atividade antibacteriana contra E. coli e S.

aureus. No entanto, 0 mesmo efeito n&o foi observado pelo BG com auséncia de prata.

Alguns trabalhos (ALLAHVERDIYEV, 2011; BAIOCCO et al, 2010; MOHEBALI
et al, 2009) também relataram a eficacia da Ag como agente leishmanicida. O
mecanismo pelo qual o ion prata exerce a sua toxicidade contra espécies de
Leishmania ndo € bem esclarecido, mas sabe-se que em bactérias, sua atividade
antimicrobiana pode estar relacionada com sua ligacdo ao DNA, a interacdo com
componentes celulares e a interferéncia com o transporte de elétrons, pois ions Ag
reagem com carboxilatos de proteina, hidroxilos e tidis (BALAMURUGAN et al, 2008;
BAIOCO et al, 2010). A acdo de ions Ag+ deriva da sua ligacdo com proteinas
microbianas carregadas negativamente impedindo a sua replicacdo. Além disso,
podendo se fixar a grupos sulfidrila, inibindo assim sua proliferagdo (HOLT; BARD,
2005).

Navarro et al (2006) demonstraram que os complexos de prata polipiridilpaladio
séo biologicamente ativos contra Leishmania mexicana, onde interagem com o DNA.
Proteinas que contém enxofre e elementos que contém fésforo, como o DNA, séo os
sitios prefenciais de ligagdo com a prata, uma vez que ions Ag* apresentam tendéncia
em complexar com substancias contendo enxofre ou fésforo. Sugere-se que o efeito
inibitério dos ions Ag* esta associado a desativacdo de enzimas celulares com
comprometimento da permeabilidade da membrana e, por ultimo, morte e eventual
lise celular (PERCIVAI et al, 2005; SAMBHY et al, 2006; PAULet al, 2007).

Apesar da existéncia de estudos sobre o efeito antibacteriano do vidro bioativo
dopado com prata e das suas propriedades no processo de reparo tecidual de lesbes
em pele, ndo foram encontrados na literatura trabalhos que verifiqguem a atuacao
desse biomaterial em culturas de Leishmania. Diante disso, o objetivo deste trabalho
foi avaliar o efeito inibitdrio de microparticulas de BG dopado com prata sobre formas

promastigotas de L. amazonensis e L. braziliensis.



2. CAPITULO 1

Effect of silver doped bioactive glass microparticles over promastigote forms of

Leishmania amazonensis and Leishmania braziliensis

ABSTRACT

The purpose of this study was to evaluate the inhibitory effect of silver doped bioactive glass
microparticles over promastigote forms of Leishmania amazonensis and Leishmania
braziliensis. Microparticles of bioactive glass (BG) and doped with silver (BGAgl and BGAg2)
belonging to the system 58SiO2:(36-x)Ca0-6P20s5-xAg20 with x=0, 1 and 2 mol%,
respectively were synthesized via sol-gel method and characterized by Scanning Electron
Microscopy (SEM), Thermal Gravimetric Analysis (TGA), X-Ray Diffraction (XRD) and
Fourier Transform Infrared Espectroscopy (FTIR). The cytotoxity of the BG and BGAg in
human cells was assessed from the response of A549 lung adenocarcinoma ephitelial cells line.
Leishmania amazonensis (L.Amazonensis) and Leismania braziliensis (L. braziliensis)
promastigote cultures were exposed to BG, BGAgl and BGAg2 for 24h. Then, 0.5 mM
resazurin was added to culture and absorbance readings were assessed after 48, 72 and 96 hours
of incubation. The percentage of resazurin reduction per group was obtained from a calculator
(AbDSerotec®) and viable promastigote forms were counted on Neubauer chamber. SEM
images showed micrometric particles with irregular and porous surface. TGA analysis
demonstrated, for samples doped with silver, an endotermic peak around 497°C associated to
silver oxide decomposition. The XRD patterns exhibit mainly amorphous characteristics
corresponding to BG. FTIR curves revealed main vibrational modes including Si-O-Si
asymmetric stretching vibration (1000-1200 cm™), Si-O-Si symmetric stretching vibration
(750-800 cm™), Si-O-Si bending mode (450-480 cmt) and PO, antisymmetric bending (570-
600 cm™). Reffering to cytotoxicity, BGAg showed non-toxic behavior. BGAg1- 300ug/mL
inihibited L. amazonensis and BGAg2 300 pg/mL inihibited L. braziliensis with 97,6 % and
92% of efficacy, respectively. The count on Neubauer chamber confirmed the efficacy of
BGAg2 in 150 e 300 ug/mL concentrations revealing absence of viable cells. In conclusion,
the BGAg2- 150 and 300 pg/mL inhibited the growth and proliferation of L.amazonensis and
L. braziliensis on promastigote.

Keywords: Leishmaniasis, Silver, Bioactive glass, Sol-gel synthesis.



1. INTRODUCTION

Leishmaniasis is a parasitic infectious disease caused by several species of protozoa of the
genus Leishmania that affects humans and different domestic or wild animal species. It can be
manifested in different clinical forms, such as the American Cutaneous Leishmaniasis, which
in general can present as single, multiple or disseminated ulcerated lesions in the skin or mucous
membranes [1, 2]. This disease is endemic in 88 countries and affects about 12 million people
worldwide [3]. Between the main species of Leishmania responsible for the transmission of
American Cutaneous Leishmaniasis in Brazil are the Leishmania braziliensis (L.braziliensis)
and L. amazonensis (L.amazonensis). The morphological forms shown by Leishmania during
its life cycle are the promastigote and amastigote. The promastigotes are found in the vector
gut, being the main responsible for disease transmission while the amastigotes are found in

vertebrate host [4].

Pentavalent antimonals remain the first-choice treatment for leishmaniasis in most countries,
mainly Sodium stibogluconate (Pentostan® Wellcome Foundation, London, UK), and N-
methylglucamine antimoniate (Glucantime®, Rhone Poulenc, Paris, France) [5]. In cases of
resistance to antimoniate, Amphotericin B and Miltefosine (hexadecylphosphocholine) have
been used as second-line drugs. These drugs, however, have high toxicity, are ineffective in
many cases, present high cost and significant side effects which include myalgia, arthralgia,
increased liver serum enzymes, pancreatitis, gastrointestinal dysfunction, diffuse muscular
pains, stiffness of the joints, arrhythmias, pancytopenia, reversible renal impairment and
cardiotoxicity [6,7, 8].

Thus, although the existence of treatment for leishmaniasis, these disadvantages limit the use
of these drugs [9]. Hence, the study and development of new therapies and drugs for the

treatment of leishmaniasis is still an urgent need [10].



The bioactive glass (BG) was first described by Hench, composed mainly of silicon dioxide
(SiO2), calcium oxide(CaO), phosphorus pentoxide (P2Os) and sodium oxide (Na2O). The
structure consists of a network of SiO2, having P>Osas an adjuvant and CaO and Na2O as
modifiers [11, 12]. Sol-gel processing is one of the main techniques used for BG production
[13]. The bioactivity of this material allows its application in the field of regeneration and tissue

engineering [14].

BG can be used in a wide range of applications, such as bioactive fillers in the bone regeneration
field [15], coating for implants [16, 17] and as scaffold for tissue repair, with porous
arrangement similar to trabecular bone [14]. Bioactive materials, such as BG, may develop in
the bone chemical bonds, which are stronger than the ceramic material alone [17]. BG is
commonly used as hard tissue replacement material, although some studies show remarkable
properties in soft tissues. Ostomel et al. (2006) [18] observed a decrease of the blood
coagulation time induced by the presence of porous BG microspheres. Lin et al. (2012) [19]
showed the induction of tissue repair by BG 58S (SGBG-58S), BG at the nanoscale (NBG-
58S) and a derivative of the BG 45S5 , where mice with wounds treated with this material had
reduced healing time as compared to the control. These results suggest the possibility of using

BG to facilitate the healing of skin wounds, such as leishmaniasis lesions.

The BG may also be conjugated to antimicrobial ions like silver (Ag). Dayet et al. (2005) [20],
using porous silica spheres, produced in one step with cetyltrimethylammonium bromide and
conjugated to Ca(NOs)> and AgNOs, it was observed an antimicrobial effect against
Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus). Zhu et al. (2014) [21] found
that the porous BG 58S (SM58S), prepared from the surface modification of the porous BG
58S (M58S) by KH-550 silane and loaded with Ag ions had a significant antibacterial activity

against E. coli and S. aureus. The same effect was not observed in the absence of silver doped



BG. Ag ions damage bacterial RNA and DNA, inhibiting replication. Ag containing products
are also applied in wound repair. Ag treatment can reduce the inflammatory and granulation

phases of healing and induce epidermal repair [22].

Despite the existence of studies on the antibacterial effect of the BG doped with Ag (BGAQ)
and your properties in the skin lesions repair, no studies verified the effect of this biomaterial
in Leishmania cultures. The aim of this work was to evaluate the inhibitory effect of BGAg

microparticles on promastigote forms of L. amazonensis and L. braziliensis.

2. EXPERIMENTAL

2.1Sol-gel synthesis of BGAg microparticles

Samples belonging to the system 58SiO-(36-x)Ca0-6P20s-xAg20 with x =0, 1 and 2 mol%
(Neat BG, BGAgl and BGAg2) were prepared by sol-gel method. Hydrolysis and
condensation of tetraethyl orthosilicate (TEOS), calcium nitrate tetrahydrate
(Ca(NOs3)2: 4H20), triethyl phosphate (TEP) from Sigma Aldrich and silver nitrate (AgNO:s)
from PlatLab were used to obtain the gels. The molar ratio of EtOH: TEOS was of 1:1. The
other precursors were dissolved in distillated water. The pH of the solutions was adjusted
around 2 by using HNOs. The obtained gels were dried for 3 days at ambient temperature and
2 days in a drying oven, at 120° C. The dried gels were heat treated up to 700 °C for 2 h, at a

constant rate of 3°C min"[23].

2.2 Characterization of BGAg microparticles

The morphology of the BG was observed using a scanning electron microscope (SEM) model
Zeiss Quanta 450 (FEI ™, FEI Company). Samples were fixed on aluminum stubs and their

surfaces covered with gold using a K 550X Emitech sputter coater. Particles size was evaluated
8



by an image analyzer software (Image J, National Institutes of Health, USA). For each sample,
the average size and its dispersion were determined from the analysis of 60 random particles.
Differential thermal analysis (DTA) and thermal gravimetric analysis (TGA) measurements
were performed on Shimadzu analyzer DTG-60H, in nitrogen atmosphere, from room
temperature to 800 °C, using alumina crucibles, with heating rate of 10 °C/min. The X-Ray
Diffraction (XRD) spectra was recorded with a Shimadzu XRD-6000 diffractometer, using Cu
K. radiation (A =1.5418 A), with Ni-filter. Specimens were aligned perpendicular to the
incident beam and the analysis parameters were step size 0.01° and a diffraction range of 10—
90°. The diffractograms were recorded after the samples being annealed at 700 °C. The infrared
spectra of the prepared glasses were obtained using a Fourier transformer infrared
spectrophotometer (IRPrestige-21, Shimadzu®) in a wave number range of 400-4000 cm™ and

20 scans with a resolution of 4 cm™™.

2.3 Cytotoxicity of BGAg microparticles

A549 human lung adenocarcinoma epithelial cells were cultured at 37° in a humidified
atmosphere of 95% air and 5% CO2, in DMEM (Dulbecco’s modified Eagle’s medium, Gibco,
Germany) with 1 vol.% penicillin/streptomycin (Sigma-Aldrich, Germany), 10 vol.% fetal
bovine serum (FBS, Sigma-Aldrich, Germany) and 0.25 mg ml*amphotericin B (Sigma-
Aldrich, Germany). Cells were grown for 48 h to confluence in 75 cm? culture flasks. Cells
were counted by a automatic counter cell (VI-CELL XR® BECKMAN COULTER) and diluted
to a final concentration of 8 x10* cells mlI. Thus, cells were cultured in media containing the
soluble products of the glass. In the preparation of the dissolution product, each BG sample in
5 concentrations (450, 300, 150, 75 and 35 pg/ml) was shaked in DMEM culture medium at
37° C and 150 RPM for 24, 36 and 48h. After these times of immersion, culture medium was
filtered to remove the glass particles with a 0,22 pum filter. The cytotoxity was evaluated from
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the response of A549 cells to the dissolution products of the glass. The cell line was seeded
with this supernantant in a 24-well culture plate and stored at 37°C in a humidified atmosphere
containing 5%CO>, for 24 hours. The test was done in triplicate. As a positive control, culture
medium without the soluble glass product was used. A latex fragment was used as a negative
control. The reading was performed using viability automatic cell counter(VI-CELL XR®
BECKMAN COULTER) [24, 25]. The percentage values of viability was considered when at

least 90 % of cells were live comparing with the percentual of positive growth [26].

2.4 Promastigote assay

The 199 strain of Leishmania amazonensis and 2903 strain of Leishmania braziliensiswere
routinely maintained as promastigotes in RPMI 1640 medium (Gibco) at 26 °C supplemented
with FBS (Sera Laboratories International, Horsted Keynes, UK) and 100 U/mL penicillin +

100 pg/mL streptomycin (BioWhittaker, Verviers, Belgium) in 75 cm? culture flasks[27].

The experiment with promastigotes were made in flat-bottomed 96-well cell culture microtiter
plates with lid (Falcon 11, BD, Bedford, MA, USA). Cultures were carried out at 26 °C in aerated

culture chamber or incubated in a 95% air/5% CO2 humidified atmosphere. Culture media

(RPMI 1640) with additional 20 mM Hepes was used. To perform these assay, 5 x 10° per well
of mid-log phase promastigotes of L.amazonensis and L. braziliensis were added per well, with
a culture media, in a final volume of 190 pL/well in 96-microtiter plates. Ten microliters of
10mM Amphotericin B (AmpB) (Sigma-Aldrich, St Louis, US) and different concentrations of
neat BG, BGAg 1 and BGAg2 (300, 150 and 75 pg/ml) were added. Sterile control was obtained
after 4 cycles of 480s on ultrasound appliance. Cultures were carried out at 26°C in plates with

lid under a 5% CO2 atmosphere. After 24 h incubation, 20 uL of 0.5 mM Resazurin (Sigma

Aldrich, St Louis, US) was added and the plates were kept for 48, 72 and 96h. The readings of
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absorbance were obtained using a dual filter of 570 and 600 nm [28]. After 168h of initial
inoculation, a count was made using Neubauer chamber to estimate the number of viable cells
per well. The percentage reduction of resazurin per group was obtained from a calculator

(ABDSerotec®).

3 RESULTS AND DISCUSSION

3.1Characterization

3.1.1 SEM

The SEM showed irregular and porous surface for all samples (Figure 1). Ethanol evaporation
as well as nitrate decomposition during the stabilization process that was carried out to convert
the dry gel into glass, can explain the porous nature of BG. Those textural properties promote

and accelerate the in vitro hydroxyapatite layer formation [29].
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Figure 1. SEM photomicrograph showing the porous and irregular surface of a neat BG
particle.

The average particle size is shown in Table 1.The particle size can be related to the type of

catalysts that were used to adjust the pH of the solution. In this study, microparticulate samples
11



were obtained, which can be related to the use of conventional sol-gel technique, using one-

step acid catalysis [30].

Tablel. Average size and standard desviation of the BG particles.

Sample Size (um) (xsd)
BG 286,093 £ 165,197
BGAg1 140,115 + 90,217
BGAg?2 64,388 + 38,675

The average size of the BG particles decreased with the increasing of the silver concentration.
This result differs from those reported by Vulpoi et al (2012) [23] and can be related with
differences in synthesis methodology. The decrease of particle size, in the present work, may
not be necessarily related to the increase of silver, but to the grinding process of BG in the

synthesis method.

3.1.2 Thermal analysis

DTA and TGA curves for samples neat BG, BG/Agl and BG/Ag2 are shown in Figure 2.
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Figure 2. DTA and TGA curves for samples neat BG(A), BGAg1(B) and BGAg2(C).

For all samples, the first weight loss appeared at the temperature interval between 65°C - 95°C.
It is an endothermic peak associated with the elimination of residual alcohol and physisorbed
water from the polycondensation reaction that were not removed during drying. The second
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peak is exothermic, with an onset aroud 237°C, for all samples, and could be associated with
the desorption of chemically adsorbed water or to the removal of organic residues. For the silver
doped samples, an endotermic peak appears around 497°C and could be attributed to the silver
oxide decomposition and possibly metalic silver nanocrystals formation. For all samples, a
weight loss located around 534°C could be assigned to the decomposition of the unreacted
Ca(NO3)2 [23,30].Taking into account these results, the temperature of 700°C was chosen for

the stabilization of all the glasses powders, since all residuals could be removed before 700°C.

3.1.3 XRD

The XRD results of the investigated samples, shown in Figure 3, exhibit mainly amorphous
characteristics corresponding to glass. All samples showed incipient crystallization of a
tricalcium phosphate (TCP) phase identified as Caz(PO4)2:2H20 centered at 20=32°. This result
suggests that the incorporation of silver into the investigated BG samplesdid not compromise

its bioactivity [23].
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Figure 3. XRD patterns of the 58Si02-(36-x)Ca0-4P,0s-xAg20 samples.
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3.14FTIR

FTIR was used to characterize the presence of specific chemical groups in the BG samples. IR

spectra of neat BG, BGAg1 and BGAgQ?2 are summarized in figure 4.
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Figure 4. FTIR spectra of BG, BGAgland BGAg2 samples.

In FTIR curves were identified the main vibrational modes: Si-O-Si asymmetric stretching
vibration correspond to the band located in the range of 1000-1200 cm™*(A), Si-O-Si symmetric
stretching vibration near 750-800 cm™(B), Si-O-Si bending mode at 450-480 cm™ (D) and PO4”
3 (C) antisymmetric bending at 570-600 cm™, associated with phosphorous in a crystal-like
environment [30, 23, 31]. The presence of Si-O-Si groups in all samples demonstrates the
preservation of the glass structure, which has an atomic arrangement characterized by an
extended three-dimensional network, which has no periodicity and symmetry and whose basic

element is silica [32].
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3.2 Cytotoxicity

The cytotoxicity is the first in vitro assay performed to evaluate the biocompatibility of the
material. When the material has mild or non-toxicity, biocompatibility tests should proceed

with in vivo tests using laboratory animals [33].

Table 2 presents the mean of percentage of viable cells in contact with BG, BGAgland BGAg2
samplescompared to growth control, after 24 hours of culture according to time interval of
dissolution. Based on the Kaur et al (2014) methodology,the percentage of viable cells of test
groups was obtained comparing their results with the growth control, in which the cell
viabilityis considered to be 100%. Survival of 90 to 100% cells after the contact with a certain
concentration of test material, compared to control cells (without any test material), show that
the material is basically not affecting the cellular proliferation as well as cell viability and

suggests that it is non-toxic[26].

Table 2. Mean of percentage (%) of viable cells in contact with BG, BGAgland BGAg2
samples compared to growth control, after 24 hours of culture according to time interval of
dissolution.

Dissolutor BG BG BG BG BG BG BG BG BG BG BG BG BG BG BG
Agl Agl Agl Agl Agl Ag2 Ag2 Ag2 Ag2 Ag2

(ng/mL)
35 75 150 300 450 35 75 150 300 450 35 75 150 300 450

24h 90.6 979 944 999 945 100 100 100 100 100 942 86.2 856 959 92
36h 99.9 925 942 876 944 959 97.8 958 969 982 959 100 955 96.7 957
48h 100 97 99.8 93.6 100 100 94.7 94 958 81.6 946 855 883 100 959

Except for the samples BGAg1 — 300 pg/mL with 36h of dissolution, with value close to 90%
and BGAQg2- 450 pg/mL with 48h of dissolution, all the BGAg show non-toxic behavior to
A549 Cells and could be used for biological applications. The neat BG (75ug/mL and

150ug/mL) with 24 and 48h of dissolution, showed a percentage of viable cells slightly below
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90%. These results do not invalidate the use of these BG concentrations in biological

applications. However, other biocompatibility studies with neat BG are still necessary.

3.3 Promastigote assay

The tests with L. amazonensis and L. brasiliensis were conducted using resazurin colorimetric
method. Resazurin is a blue dye that is reduced to resofurin in the presence of viable cells. Non-
viable cells lose their metabolic capacity to reduce resazurin in the mitochondria [34]. This
method has some advantages including: rapidity, simplicity of use, reliability, low cost, and can
be used with long incubation periods [27]. Percentage of reduction of 0.5mM Resazurin
according to BG groups during time intervals with L. amazonensis and L. brasiliensis inoculum

are shown in Tables 3 and 4.

Table 3. Percentage reduction of 0.5mM Resazurin according to BG groups during time
intervals with L. amazonensis inoculum.

Reading BG300 BG 150 BG 75 BGAgl BG Agl BGAgl BGAg2 BG Ag2 BGAg2
po/mL pg/mL pg/mL 300 150 75 300 150 75
pg/mL  pg/mL pg/mL pg/mL pg/mL pg/mL

48 h 69.9 66.6 70.7 2.6 4.4 6.3 14.0 7.2 6.1
72h 60.9 56.6 63.7 2.2 3.0 7.7 10.5 5.6 4.0
96 h 65.3 61.5 67.1 2.4 3.7 7.0 12.2 6.4 5.0

Table 4. Percentage reduction of 0.5mM Resazurin according to BG groups during time
intervals with L. braziliensis inoculum.

Reading BG300 BG 150 BG 75 BGAgl BG Agl BGAgl BGAg2 BGAg2 BGAg2
pg/mL pg/mL pg/mL 300 150 75 300 150 75
pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL

48 h 47.3 49.4 68.5 17.9 12.1 33.6 7.5 8.5 14.1
72h 49.6 50.8 64.6 23.7 23.2 39.9 8.5 9.3 19.0
96 h 14.0 15.7 234 20.4 22.5 325 8.2 9.1 19.8
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It was observed that in the wells containing BGAg there was a lower percentage of resazurin
reduction when compared to neat BG, which indicates the small number of viable
microorganisms in wells containing BGAg. For L. brasiliensis, in the wells containing
Amphotericin B, the percentage of reduction of 0.5mM Resazurin, for 48, 72 and 96h was 3.1,
3.3, and 5, respectively. A similar study developed in parallel with this work by our group
showed that in cultures of 2.5 x10° cells / well of L. amazonensis, after 136h of the initial
inoculation, in the wells containing Amphotericin B, there was a reduction of 3.8 % (Data not

shown).

The cell counting (per well) after 168h on Neubauer chamber according to groups and species

is shown in table 5.

Table 5. Cell counting (per well) after 168h on Neubauer chamber according to groups and
species.

Leishmaniaamazonensis | Leishmaniabraziliensis

Sterile Control 0 0

Growth Control 2.14x10’ 2.37X10’
BG pure (300 pg /ml) 4.78x10’ 8.33x10’
BG/Ag 1 (300 pg /ml) 0 4.76x107
BG/Ag 1 (150 pg /ml) 0 4.47x107
BG/Ag 1 (75 pg /ml) 4.4x10° 5.23x10’
BG/Ag 2 (300 pg /ml) 0 0

BG/Ag 2 (150 pg /ml) 0 0

BG/Ag 2 (75 pg /ml) 0 5.8x10°

In the counting in the Neubauer chamber, viable microorganisms were not found in the groups
BGAg2 and BGAg1-300ug/mL and BGAg1-150ug/mL, for L. amazonensis. For L. brasiliensis
were not found viable microorganisms in the groups BGAg2-300 ug/mL and BGAg2-150
png/mL. The neat BG had no effect on the viability of Leishmania species. In agreement with
the results presented here, Bellantone et al. (2002)[35]and Balamurugan et al. (2008)[22]

reported that neat BG had no antimicrobial effect. The antileishmania effect observed for
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AgBG may be attributed to the leaching of ionic silver from the glass matrix.

Some works [36, 37, 38] also report the effectiveness of Ag as antileishmanial agent. The
mecanism by which the silver ion exerts its toxicity towards leishmania species is unclear, but
it is known that in bacteria, Ag ion antimicrobial activity can be associated with: binding to
DNA, interaction with cell components and the interference with electron transport, since it
reacts with protein carboxylates, hydroxyls, and thiols [22, 39]. The Ag ion action derives from
the binding with the negatively charged microbial proteins preventing their replication, and via

attachment to sulfhydryl groups, resulting in inhibiting their proliferation [40].

Navarro et al (2006) [41] showed that silver polypyridyl complexes are biologically active
against Leishmania mexicana, where they interact with DNA. Proteins that contain sulfur and
components that contain phosphorous such as DNA are preferential binding sites for silver,
since Ag + ions have a tendency to form complex with substances containing sulfur or
phosphorous. It is suggested that the inhibitory effect of Ag* ions is associated with deactivation
of cellular enzymes with impaired membrane permeability and finally, death and eventual cell

lysis [42, 43, 44].

BG may also be effective in promoting vascularization, which is important to healing of soft
tissue wounds. Studies indicated that, genes related to wound healing, such as the CD44 antigen
hematopoietic form precursor, fibronectin receptor beta subunit, fibroblast growth factor
receptorl precursor (N-sam), vascular endothelial growth factor (VEGF) precursor and vascular

cell adhesion protein 1 precursor (V-CAM 1) can be activated by BG [45,46,47].

Our results shown the effectiveness of BGAg microparticles to inhibit the growth and
proliferation of Leishmania species studied and suggest the future use of BG in combination or

alternatively to current antileishmanial drugs.
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4. CONCLUSIONS

The silver doped BG, in the present study, were sucessfully produced by sol-gel method. SEM
images showed micrometric particles with irregular and porous surface. The XRD patterns of
the investigated samples showed incipient crystallization of tricalcium phosphate (TCP). These
results suggests that the incorporation of silver into the investigated samples did not
compromise their bioactivity. In FTIR curves, it was observed the presence of Si-O-Si groups
in all samples, which demonstrates the conservation of the structure of the glass even with the
addition of silver. BGAg showed non-toxic behaviorand can be used for biological applications.
The BGAQ2- 150 and 300 pg/mL inhibited the growth and proliferation of L.amazonensis and
L. braziliensis on promastigote form and could be used in other studies, like in vivo

investigations that are necessary to verify the BGAg activity on Leishmania amastigotes forms.
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3. CONSIDERACOES GERAIS

A LTA pode apresentar lesdes na forma de Ulceras, nédulos, papulas ou placas
nas partes expostas do corpo ou membranas mucosas. H& aproximadamente 1
milh&o de novos casos de LTA a cada ano no mundo, no entanto, é dificil estimar a
sua verdadeira incidéncia, devido a falta de sistemas de vigilancia em areas remotas
e populacdes marginalizadas. Estima-se que existam 20 espécies de Leishmania que
causam a LTA, mas no Brasil assumem importante papel na parasitologia dessa
doenca a L. amazonensis e a L. braziliensis, escolhidas para a realizagédo do presente
trabalno (MEARS et al, 2015).E uma doenca de importancia também para a
Odontologia, uma vez que pode apresentar manifestagcbes na cavidade oral com
lesbes destrutivas, podendo acometer membranas mucosas do nariz, mucosa jugal,

labio, palato (duro e mole), orofaringe e laringe (STRAZZULLA et al, 2015).

Embora os fAmacos de escolha para o tratamentodesta doenca tenham uma
eficacia aceitavel, apresentam alto custo, baixa aderéncia, devido ao uso prolongado
de injeccdes intravenosas ou intramusculares, toxicidade sistémica, e, em alguns
casos, a resisténcia. Estas desvantagens reforcam a necessidade de se estudar
outras opcoes de tratamento para a LTA(CARDONA-ARIAS et al, 2014).

As propriedades antimicrobiamas BGAg e a sua atividade no reparo tecidual
de ferimentos ja tém sido estudadas. Porém, nao foi possivel encontrar na literatura
trabalhos que verifiguem a atuacdo desse biomaterial em culturas de Leishmania.
Diante disso, 0 objetivo desse trabalho foi avaliar o efeito inibitorio de microparticulas
de BGAg sobre formas promastigotas de L. amazonensis e L. braziliensis. Os
resultados mostraram que nas amostras de BGAg, houve um menor percentual de
reducado da resazurina quando comparado ao BG puro, o que indica a efetividade das
amostras com prata na inibicdo da proliferacdo de L. amazonensis e L. braziliensis.
Por outro lado, no que se refere a citotoxicidade em células humanas, o BGAg mostrou
comportamento nao toxico.

Esses resultados sugerem que o uso do BGAg pode representar uma futura
alternativa ou ser utilizado em conjunto com as atuais drogas antileishmaniose.

Poderia ser administrado de forma topica sobre as les6es ocasionadas pela doenca,

27



porém outros estudos ainda se fazem necessarios incluindo outros testes de
biocompatibilidade e ensaios in vivo. As proximas etapas deste trabalho incluem a
realizacdo ensaios de invasao celular e atividade das amostras de vidro bioativo sobre

as formas amastigotas de L. amazonensis e L. braziliensis.

4. CONCLUSAO

Os BGAGgs, no presente estudo, foram produzidos com sucesso pelo método
sol-gel. As imagens do SEM mostraram particulas micrométricas com superficie
irregular e porosa. Os padroes de DRXdas amostras investigadas mostraram
cristalizacao incipiente do fosfato tricalcico (TCP), sugerindo que a incorporacéo de
prata nas amostras investigadas ndo comprometeu a sua bioatividade. Nas curvas de
FTIR, foi observada a presenca de grupos Si-O-Si em todas as amostras, 0 que
demonstra a conservacao da estrutura do vidro, mesmo com a adicao de prata. No
que se refere a citotoxicidade, o BGAg mostrou comportamento ndo téxico, o que
sugere que pode vir a ser utilizado para aplica¢des bioldgicas. O BGAg2, nas maiores
concentracoes, inibiu ambas as cepas de L. braziliensis e L. amazonensis e poderia
ser utilizado em outros estudos, como ensaios que verifiquem a atuacdo do BGAg

sobre formas amastigotas das espécies de Leishmania.
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ANEXOS

ANEXO A — Normas para a Defesa da Dissertagcdo do Programa de POs-
Graduacao em Odontologia da UFPB

Formato alternativo.

. Capa

. Folha de rosto (primeira folha interna)

. Ficha catalografica (verso da folha de rosto)
. Folha de aprovacao

. Dedicatdria (Opcional)

. Agradecimentos (Opcional)

. Epigrafe (Opcional)

. Resumo (com no maximo quinhentas palavras)

. Abstract (com no maximo quinhentas palavras)

. Lista de Abreviaturas e Siglas (Opcional)

. Sumario

1. Introducéo (trata-se, como no formato tradicional, da parte inicial do texto,

da formulacgé&o clara e simples do tema investigado, constando a delimitacao do
assunto tratado, sua justificativa e objetivos da pesquisa)

2. Capitulos (devem ser inseridas as coOpias de artigos de autoria ou co-
autoria do candidato, j& publicados ou submetidos para publicacdo em revistas
cientificas ou anais de congressos sujeitos a arbitragem. Cada capitulo deve
conter sua indicacdo, seguido do niumero (em arabico) correspondente. EX.:
Capitulol, Capitulo 2 e assim sucessivamente)

3. Discussdo ou Consideracbes Gerais (de carater opcional, esta parte
poderd conter argumentos para estabelecer relagcbes entre o0s artigos

apresentados nos capitulos)

4. Conclusao
. Referéncias
. Anexo (Opcional)

. Apéndices (Opcional)
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