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RESUMO
O aumento de infeccOes microbianas juntamente com a resisténcia que estes agentes tém
desenvolvido aos antimicrobianos convencionais tem levado a uma busca constante por
alternativas terapéuticas eficazes, que possam oferecer melhores opcbes de tratamento aos
doentes. Espécies do género Combretum e Myroxylon demonstram algumas atividades
bioldgicas, como antibacteriana, antifingica e antibiofilme. Desta forma, o triterpeno isolado
de Combretum leprosum 3p-6B-16p-trihidroxilup-20(29)-eno (CLF1) e a isoflavona 7-
hidroxi-4",6-dimetoxi-isoflavona juntamente com o Oleo essencial M. peruiferum foram
utilizados neste estudo, com o objetivo de verificar a agdo antimicrobiana e antibiofilme. A
Concentracdo Inibitéria Minima (CIM), Concentracdo Bactericida Minima (CBM) e a
Concentracdo Fungicida Minima (CFM) foram determinadas pelo método de microdiluicao
em caldo. O sinergismo foi avaliado pelo método de checkerboard com a combinacdo do
triterpeno com as drogas ampicilina e tetraciclina. Ja a formacdo do biofilme foi avaliada
através da quantificacdo de biomassa pelo método de coloracdo com cristal de violeta (CV) e
enumeracao de células viaveis, enquanto que a atividade metabolica foi analisada pelo método
XTT. Para a atividade antioxidante, foram utilizados os ensaios de 2,2-difenil-1-picril-hidrazil
(DPPH), quelante de ions ferrosos (FIC), reducdo do ferro (FRAP), inibicdo da oxidagdo do
B-caroteno (BCB). As espécies de bactérias e fungos tiveram o seu crescimento plancténico
completamente inibido pelo triterpeno e isoflavona nas concentragdes que variaram entre
2000 a 1,9 pg/mL, enquanto que para o Oleo essencial variou entre 5 a 1,25%. O CLF1
apresentou efeito sinérgico com ampicilina para S. aureus ATCC 25923, S. aureus ATCC
700698 e S. epidermidis ATCC 35984 e S. epidermidis ATCC 12228 e com tetracilina para S.
aureus ATCC 25923, S. aureus ATCC 700698 e S. epidermidis ATCC 35984, ja para S.
epidermidis ATCC 12228 apresentou efeito antagénico. Em relacdo aos ensaios antibiofilmes,
CLF1 induziu uma reducdo na biomassa e nimero unidade formadora de colénias (UFC’s),
para todas as bactérias Gram-positivas. Ja para 0 método XTT, a estirpe de S. aureus ATCC
25923 e S. aureus ATCC 700698 apresentou maior reducdo metabdlica do que S. epidermidis
ATCC 12228 e S. epidermidis ATCC 35984. Com relacdo as atividades antioxidantes, o0s
tratamentos com 0leo essencial e isoflavona resultaram em efeitos antioxidantes em todos os
ensaios e concentragOes realizadas, principalmente no BCB com uma inibicdo de 100%,
mostrando-se mais ativa do que o controle positivo. Portanto, os resultados demonstraram que
0s compostos secundarios e o 6leo essencial utilizados nesse estudo, podem ser considerados
potenciais agentes antimicrobianos e antibiofilmes, sugerindo assim o uso dessas moléculas

no tratamento de infecgdes associadas a diferentes microorganismos.



Palavras-chaves: Combretum leprosum. Myroxylon peruiferum L.f. Metabdlitos secundarios.
Atividade antimicrobiana. Atividade antioxidante.



ABSTRACT

The increase in microbial infections plus the resistance that these agents have developed to
conventional antimicrobials has led to a search for effective therapeutic alternatives that offer
better solutions for treatment. Species of the genus Combretum and Myroxylon demonstrate
some biological activities such as antibacterial, antifungal and antibiofilm. Thus, the
triterpene of C. leprosum 3B-6B-16pB-trihydroxylup-20(29)-en (CLF1) and isoflavone 7-
hydroxy-4',6-dimethoxy-isoflavone with the essential oil of M. peruiferum were used in the
study with the objective of verifying the antimicrobial activity and antibiofilm. The Minimal
Inhibitory Concentration (MIC), Minimum Bactericidal Concentration (MBC) and Minimum
Fungicidal Concentration (CFM) were determined by the broth microdilution method.
Synergism was evaluated by the checkerboard method with the combination of triterpene
with ampicillin and tetracycline. Biofilm formation was evaluated through the quantification
of biomass by the crystal violet (CV) staining method and enumeration of viable cells,
whereas the metabolic activity was analyzed by the XTT method. For the antioxidant activity,
were realized the tests of 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferrous ion chelating (FIC),
iron reduction (FRAP), inhibition of B-carotene oxidation (BCB). Bacteria and fungi species
had their planktonic growth completely inhibited by triterpene and isoflavone at
concentrations ranging from 2000 to 1.9ug/mL; for essential oil ranged from 5 to 1.25%.
CLF1 showed synergistic effect with ampicillin for S. aureus ATCC 25923, S. aureus ATCC
700698, S. epidermidis ATCC 35984, S. epidermidis ATCC 12228 and with tetracylin for S.
aureus ATCC 25923, S. aureus ATCC 700698 and S. epidermidis ATCC 35984, whereas for
S. epidermidis ATCC 12228 presented antagonistic effect. In relation to antibiotic tests, CLF1
induced a reduction in biomass and viable cells (CFU) for all Gram-positive bacteria. For the
XTT method, S. aureus strain ATCC 25923 and S. aureus ATCC 700698 had a greater
metabolic reduction than S. epidermidis ATCC 12228 and S. epidermidis ATCC 35984.
About antioxidant activities, treatments with essential oil and isoflavone resulted in
antioxidant effects in all assays and concentrations performed, mainly in BCB with a 100%
inhibition, proving to be more active than the positive control. Therefore, the results
demonstrated that the secondary compounds and the essential oil used in this study can be
considered as potential antimicrobial agents and antibiotics, suggesting the use of these
molecules in the treatment of infections associated with different microorganisms.

Keywords: Combretum leprosum. Myroxylon peruiferum L.f. Metabolites secondary.

Antimicrobial activity. Antioxidant activity.
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1 INTRODUCAO

O aumento de infec¢cOes microbianas juntamente com a resisténcia que estes agentes
tém desenvolvido aos antimicrobianos convencionais tem levado a uma busca constante por
alternativas terapéuticas eficazes, que possam oferecer melhores opcbes de tratamento aos
pacientes (PIERCE et al., 2013).

As doengas infecciosas sdo a segunda maior causa de mortalidade mundial, e é
considerada esta problematica, atrelada as altas taxas de resisténcia dos microrganismos,
especialmente em ambientes hospitalares, justifica a urgéncia no desenvolvimento de novos
agentes antimicrobianos (GUIMARAES et al.,, 2010). As doengas infecciosas sdo
consideradas como grave problema de saide coletiva, em virtude do impacto que geram na
sociedade. Sdo provocadas por microrganismos patogénicos que invadem o organismo do
hospedeiro, evitam suas defesas e provocam danos aos tecidos (GUIDO et al., 2010).

O aparecimento global de microrganismos resistentes a antimicrobianos tem sido
diretamente associado ao mau uso da terapia antimicrobiana em hospitais e pela propria
populacdo através da automedicacdo, além do aumento da utilizacdo de antibidticos na
industria de alimentos e da falta de drogas especificas que sirvam para o tratamento de
pacientes de risco, 0s quais geralmente sdo acometidos por mdaltiplas co-morbidades
(BUFFET-BATAILLON et al., 2012).

Nas Ultimas décadas, os estudos sobre as comunidades microbianas tém chamado
atencdo para a analise das complexas interaces que surgem entre microrganismos da mesma
espécie e espécies distintas durante a formacdo de comunidades microbianas, denominadas
biofilmes (PARROT et al., 2016).

No processo de desenvolvimento de novos compostos farmacologicamente ativos,
substancias isoladas de vegetais representam fontes importantes para a prospeccao de novas
drogas (TOLMACHEVA; ROGOZHIN; DERYABIN, 2014). De fato, o conhecimento
popular acerca das propriedades curativas de plantas tem sido aplicado por muitos povos
desde periodos remotos (SEMWAL et al., 2014).

Muitas plantas podem ser consideradas como fontes de moléculas Gteis, as quais
atuam como agentes antimicrobianos na tentativa de superar a resisténcia aos antibioticos
utilizados no tratamento clinico (SIMOES; SIMOES; VIEIRA, 2010). Por outro lado, 0s
vegetais sdo fontes de compostos secundarios com atividade antioxidante, sendo Uteis na
terapéutica de doengas relacionadas ao estresse oxidativo celular (AHMAD et al., 2015;
MARINO et al., 2015).
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O estresse oxidativo resulta em um desequilibrio na producédo de espécies reativas de
oxigénio (ERO) e a capacidade antioxidante das células. Os EROs, tais como o superoxido
(02), o peroxido de hidrogénio (H,O;) e os radicais hidroxilo (OH) sdo constantemente
produzidos em células aerdbicas, por reducdo incompleta de O, molecular a H,O durante a
fosforilacédo oxidativa mitocondrial. (BIRBEN et al., 2012).

As plantas medicinais sdo fontes de substancias bioativas empregadas na medicina
popular por muitos grupos populacionais rurais, quilombolas, indigenas e ribeirinhos (SILVA
et al., 2012). M. peruiferum e C. leprosum sdo espécies com atividade antimicrobiana e sdo
encontradas nas familias Fabaceae e Combretaceae.

M. peruiferum é conhecida popularmente como cabrilva, pau-de-balsamo e balsamo.
E uma planta decidua, heliofita, possuindo cerca de 10 a 20 metros de altura. Suas folhas s&o
de ocorréncia em quase toda a extensdo do pais, e a madeira é adequada para mobiliario,
revestimentos, construcgéo civil, dentre outras atribui¢des, por causa da sua alta resisténcia ao
apodrecimento (LORENZI, 1998). Substancias como 3',4',7-trimetil isoflavonas, 6-Hidrdxi-
4' 7-metoxi-isoflavona e germacreno D foram isoladas a partir das folhas de M. Peruiferum e
apresentaram atividades frente a Mycobacterium tuberculosis, Mycobacterium avium e
Mycobacterium kansasii (CARVALHO et al., 2008). A isoflavona 7-hidroxi-4",6-dimetoxi-
isoflavona isolada do extrato acetato de etila, sendo o composto mais importante da espécie,
apresentou atividade antibiotica comprovada frente a Helicobacter pylori. (OHSAKI et al.,
1999).

C. leprosum é um membro da familia Combretaceae, planta arbustiva nativa da
regido Nordeste do Brasil, conhecida popularmente de “mufumbo” ou “cipoaba” (LIRA et al.,
2002), e apresenta em sua constituicdo varios compostos resultantes do seu metabolismo
secundarios, como o triterpeno pentaciclico 3f,68,16B-trihidroxilup-20(29)-eno, composto
capaz de desempenhar atividade antibacteriana e antibiofilme sobre bactérias Gram-positivas.
(FACUNDO et al., 1993; EVARISTO et al., 2014, 2017).

Desta forma, este trabalho teve como objetivo de avaliar o potencial do triterperno
isolado de C. leprosum e da isoflavona e 6leo essencial de M. peruiferum frente a

microrganismos patogénicos.
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2 REFERENCIAL TEORICO
Plantas medicinais
Consideracdes iniciais

Os vegetais sao utilizados como fontes de alimentos, fibras, medicamentos e muitos
outros produtos Uteis pela humanidade (GURIB-FAKIM, 2006). O uso de plantas medicinais
no tratamento de enfermidades humanas e animais sdo bem conhecidos, mas a sua utilizagdo
no controle de fitopatdgenos é mais recente (TAPWAL et al., 2011).

O primeiro registro arqueoldgico do uso de vegetais importantes é datado em 60.000
anos, tendo sido encontrado em um tdmulo humano localizado no Iraque. Vérias descobertas
argqueoldgicas apontam o uso de espécies psicoativas no Timor (Indonésia), datado em cerca
de 11.000 anos a.C (ALLEN, 2012). Parte do conhecimento médico dos antigos egipcios esta
registrada nos papiros denominados “Edwin Smith”, “Kahun” e “Ebers”. O papiro de Ebers
(1550 a.C.), inicia-se com a afirmag¢ao “aqui comeg¢a o livro relativo a prepara¢ao dos
remédios para todas as partes do corpo humano” (SAAD, 2013). De acordo com Aboelsoud
(2010), o arquivo é considerado como o primeiro tratado egipcio sobre o uso de plantas
medicinais, descrevendo as aplicac6es médicas de P. somniferum L. (6pio), Cannabis sativa L
(maconha), Commiphora myrrha (mirra), Boswellia serrata Roxb. ex Colebr. (incenso), Sena
alexandrina Mill (sena), Lawsonia inermis L. (hena) e Aloe vera (L.) Burm. f. (babosa).

No Brasil, a utilizacdo de plantas medicinais € anterior ao Periodo Colonial,
integrando as praticas tradicionais das diversas nac6es indigenas. Os relatos da flora brasileira
iniciaram-se ap0s a descoberta, por exemplo, na carta de Caminha, sdo relatadas varias
espécies vegetais e seus usos, dentre estas o Bixa orelana L. (urucum). Pedro Alvares Cabral
observou entre os povos indigenas daquela época o uso de produtos de origem vegetal para
alimentacdo, tratamento de doencas e finalidades cosméticas. Posteriormente, Gabriel Soares
de Souza em seu “Tratado Descritivo do Brasil” de 1587, denomina os produtos empregados
na medicina indigena como “arvores ¢ ervas da virtude” (WALKER, 2013).

Numerosos relatorios cientificos mostraram que as plantas tém um alto potencial
para sintetizar diferentes substancias antimicrobianas (DAGLIA, 2011), que atuam como
mecanismos de defesa da planta e protegem contra estresses abioticos (radiacdo UV, seca,
temperaturas altas ou baixas, salinidade excessiva do solo) e estresses bidticos (por exemplo,
microrganismos, insetos, e herbivoros). Os agentes antimicrobianos derivados de plantas
podem ser classificados em fendlicos e polifendis, terpenoides, alcaloides, entre outros
componentes. (SIMOES; BENNETT; ROSA, 2009).
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O Brasil é rico em espécies vegetais com metabolitos secundarios de importancia
terapéutica, que também podem ser utilizados em doencas de plantas. Os produtos naturais,
como compostos puros e extratos de plantas padronizados, proporcionam oportunidades para
novos farmacos devido a disponibilidade da diversidade quimica (JAMUNA; RAI, 2011).

Plantas da Caatinga

A Caatinga € o unico bioma exclusivamente brasileiro, ocupando cerca de 800.000
km2. O nome “caatinga” tem origem Tupi-Guarani, na qual significa "mata branca", e refere-
se a paisagem esbranquicada da vegetacdo, adaptada a seca e aos ciclos climéticos
(FILIZOLA; SAMPAIOQ, 2015). Este bioma compreende os estados de Alagoas, Bahia, Cear3,
Pernambuco, Paraiba, Rio Grande do Norte, Piaui e Sergipe.

No Brasil, o estudo de plantas medicinais em resposta a tendéncia mundial de
preservacao da biodiversidade esta crescendo de forma vertiginosa. Esse acontecimento deve-
se a grande diversidade quimica e potencialidade farmacoldgica das espécies. Mesmo que 0s
metabolitos secundarios isolados ndo venham a se tornar farmacos, podem ser utilizadas como
prototipos e originar compostos com utilidade clinica. Muitos dos vegetais com tais
substancias bioativas sdo encontadas no bioma Caatinga. (MONTANARI; BOLZANI, 2001,
SILVA et al., 2012; SOUZA; MENDONCA; SILVA, 2013; ALVES et al., 2014;
MALAQUIAS et al., 2014; SILVA et al., 2014).

As plantas com atividades farmacoldgicas sdo encontradas em diferentes familias
botanicas, destacando-se entre as angiospermas as familias Fabaceae e Combretaceae, dentre

estas familias, encontra-se as espécies de M. peruiferum e C. leprosum.

Myroxylon peruiferum

M. peruiferum é normalmente reconhecida pela combinacdo de pontos e listras
transltcidas nos foliolos e fruto do tipo sdmara. E uma arvore na qual cresce até 15 ou 25
metros de altura, de copa arredondada e pouco densa, tronco cilindrico de 60 a 80 cm de
diametro (Figura 1). E encontrada no México, Honduras, Colémbia, Peru, Bolivia, Argentina,
Brasil e Equador, em areas de savana estépica, savana, floresta ombroéfila densa, amazonica e
atlantica (LIMA; MANSANO, 2011).

Conhecida popularmente como “balsamo, cabreGva, balsamo-do-peru e Oleo-
cabreiva”, M. peruiferum é uma planta nativa do bioma Caatinga, que também possui
aplicacdes medicinais para as comunidades do semiarido. A casca do caule é utilizada para

lavar o local afetado, como um antisséptico (CARTAXO et al., 2010). Além disso, esta
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espécie produz um bélsamo (substancia aromatica que contém 6leos essenciais e resinas em
sua composicao), que tem sido usado ha séculos pelos povos indigenas da América Central e
Ameérica do Sul para tratar a asma, reumatismo, feridas externas, bronquite, resfriado,
tuberculose, dores de cabeca e abscesso (CUSTODIO; VEIGA-JUNIOR, 2012).

Figura 1: Imagem da espécie de M. peruiferum. A (caule), B (folhas jovens), C (habito) e D (Folha composta,
foliolos elipticos, alternos).

Fonte: Sartori (2000 e 015)
Combretum leprosum

Na regido brasileira, C. leprosum € uma planta que vem sendo bastante estudada
(Figura 2). Estas espécies sdo conhecidas popularmente como “mofumbo, mufumbo, pente-
de-macaco, carne-de-vaca ou cipoaba”, e além de ser uma espécie melifera, esta distribuida
nos nas regides do Norte e Nordeste e nos estados de Mato Grosso e Mato Grosso do Sul
(CHAVES et al., 2007). C. leprosum € utilizada na medicina popular, principalmente pela
preparacdo de infusGes de suas partes aéreas que proporcionam o tratamento de feridas e
irritacBes cutaneas, acdo expectorante, anti-hemorragico, sedativo e analgésico (AGRA et al.,
2007; FACUNDO et al., 2005).

Facundo et al. (1993) analisaram quimicamente as folhas e raizes de C. lemprosum e
isolaram os triterpenos 3,6, 16p-trihidroxilup-20(29)-eno e seus derivados (1-3), 2a, 33, 23-
trihidroxiolean-12-en-28-6ico (4), acido mdlico (7) e flavonoides, 3-O-metilquercetina (5-6) e

3-0-a-L-ramnopiranosilquercitrina (7), assim como mostrados na figura 3.
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Figura 2. Imagem da espécie de Combretum leprosum. A (folhas), B (folhas e inflorescéncia).
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Fonte: Google imagem

Figura 3. Triterpenos e flavonoides isolados de C. leprosum.

Adaptado de Facundo et al., (1993)

Estudos farmacolégicos realizados com extrato etandlico de C. leprosum e com 0
triterpeno  3p,6P,16pB-trihidroxilup-20(29)-eno, obtidos em diferentes partes da planta,
demonstraram atividades bioldgicas incluindo propriedades antimicrobianas, antinociceptivas,
anti-inflamatorias, anticolinérase e antiulcerogénicas. (PIETROVSKI et al., 2006; LONGHI-
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BALBINOT et al., 2009, 2012; NUNES et al., 2009; HORINOUCHI et al., 2013;
EVARISTO et al., 2014, 2017).

Metabdlitos secundarios de plantas

De acordo com Nelson e Cox (2014), o metabolismo refere-se ao conjunto de todas
as transformacdes das moléculas orgéanicas, envolvendo a participacdo das enzimas como
biocatalisadoras. Ocorrem nas células vivas, renovando suas moléculas e permitindo a
continuidade do estado organizado por meio do suprimento de energia.

As substancias extraidas dos vegetais estdo divididas em dois grupos: metabolitos
primarios e metabolitos secundarios. Os metabolitos primarios compreendem as classes de
biomoléculas indispensaveis a vida, sendo os lipidios, carboidratos, proteinas e os acidos
nucléicos. Ja os metabdlitos secundarios conferem propriedades para o desenvolvimento dos
seres Vvivos, que sdo os terpenos, alcaloides, glicosidicos, flavonoides, compostos fendlicos,
carotenoides, entre outros (ZHENG; WANG, 2001; CAIl; SUN; CORKE, 2003;
MILIAUSKAS; VENSKUTONIS; VAN BEEK, 2004; MATOS, 2009; KAMILOGLU et al.,
2014; KARADENIZ et al., 2015; OZKAN et al., 2016).

Os metabolitos secundéarios apresentam diversidade quimica estrutural, alta variacao
intraespecifica e sdo produzidos conforme as condigdes ambientais, nutricionais e fisicas do
habitat (HARTMANN, 1996, 2007; BOURGAUD et al., 2001; WAHID et al., 2007). A
origem de todas essas moléculas pode ser resumida a partir de vias metabédlicas fundamentais
para 0s organismos, como a fotossintese, glicose e ciclo de Krebs (Figura 4) (DIAS; URBAN;
ROESSNER, 2012).

Os metabdlitos secundarios sao distinguidos em dois grupos diferentes, 0s compostos
nitrogenados como os alcaloides, aminoacidos ndo protéicos, aminas, alcamides, glicosideos
cianogénicos e glucosinolatos e compostos ndo nitrogenados como os flavonoides, terpenos,

saponinas, esteroides e cumarinas (PAIVA et al., 2010).
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Figura 4 - Rota metabolica dos metabdlitos secundérios. Fonte: Santos (2004).
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Os flavonoides sao considerados um dos maiores grupos de metabdlitos secundarios
das plantas e distribuidas amplamente em frutas, folhas, chas e vinhos. Sdo pigmentos
naturais importantes e nas plantas tem como principal funcdo proteger estes organismos

contra agentes oxidantes (LOPES et al., 2010).

Figura 5 — Estrutura quimica basica dos flavonoides.

Fonte: Simdes et al., (2010).
A estrutura béasica dos flavonoides consiste de 15 carbonos distribuidos em dois anéis

aromaticos, A e B (Figura 5) e conectados via carbono heterociclico do pirano. De acordo
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com o estado de oxidacdo da cadeia heterociclica do pirano, tém-se distintas classes de
flavonoides (Figura 6) como as flavonas, flavonois, chalconas, auronas, flavanonas, flavanas,
antocianidinas, leucoantocianidinas, proantocianidinas, isoflavonas e neoflavonoides
(BRAVO, 1998; CHEYNIER, 2005; NOLVACHAI; MARRIOTT, 2013).

Figura 6 — Esqueletos béasicos de flavonoides.
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Fonte Google imagem

A estrutura comum dos flavonoides € biossintetizada a partir dos metabdlitos que sdo
derivados do acido chiquimico e acetil-coA (Figura 7). O é&cido chiquimico produz a
fanilalanina que é o precursor inicial da sintese dos flavonoides. O aminoéacido fenilalanina é
desaminado pela enzima fenilalanina-amonia-liase (PAL) e produz o &cido cinamico. Este é
convertido em &cido p-cumérico por acdo da enzima 4-hidroxilase cinamato. Por conseguinte,
ocorre a adicdo da CoA, catalisada pela enzima p-cumarato/CoA liase originando a p-
cumaroil-CoA. A p-cumaroil-CoA, ao reagir com trés moléculas de malonil-CoA forma a
calcona. Esta reacdo é catalisada pela enzima calcona sintetase. Finalmente, ocorre a
ciclizacdo do anel da calcona pela agdo da enzima calcona isomerase, originando a flavanona
(naringenina), com o nucleo bésico de todos os flavondides. Assim, nos flavonoides o anel A
¢ formado via acetii CoA, o anel B via &cido chiquimico e o anel C deriva do
fosfoenolpiruvato (FORMICA; REGELSON, 1995; DEWICK, 2002; HAVSTEEN, 2002;
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IBRAHIM, 2001; MARTENS; MITHOFER, 2005, ANDERSEN; MARKHAM, 2006;
WINKEL, 2006; HURBER et al., 2008; DIXON; PASINETT]I, 2010).

Figura 7- Biossintese de flavonoides.
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Fonte: Andersen; Markham, (2006).

Isoflavonas e suas atividades bioldgicas

As isoflavonas pertencem a uma classe do grupo dos flavonoides e sdo
caracterizados por sua estrutura polifendlica. Diferente dos flavonoides, as isoflavonas séo
encontradas em raras familias botanicas, concentrando-se principalmente na familia Fabaceae.
Esta distribuicdo reduzida das isoflavonas no reino vegetal pode ser devido as enzimas
presentes na familia das leguminosas. Estas enzimas atuam na rota biossintética dos
flavonoides, as quais catalisam a transformacdo das flavanonas em isoflavonas (AGUIAR et
al., 2007; COWARD et al., 1993; TSAO; YANG; YOUNG, 2003).

As isoflavonas tém chamado atencdo devido a capacidade de reduzirem os riscos de
doencgas cardiovasculares e de promover a inibicdo do crescimento de células cancerigenas.

Além disso, as isoflavonas possuem um importante papel na prevencdo de varias doencas,
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como a osteoporose e nos sintomas da menopausa. S&o também inibidores da proteina tirosina
quinase, o0 que leva a inibicdo do ciclo celular e indugdo de apoptose em células tumorais. Os
efeitos destas isoflavonas sdo fortemente influenciados pela estrutura quimica (FRITSCHE;
STEINHART, 1999; VILLARES et al., 2011).

Os isoflavonoides que exibem grupos pernil apresentam atividade antibacteriana
sobre bactérias Gram-positivos tais como, Staphylococcus aureus e Bacillus subtilis. Esta
atividade aumenta quando os grupos prenil localizam-se nas posi¢cdes C-6 ou C-8 no anel A e
em C-3"ou C-5" no anel B (BOJASE et al., 2002; MUKNE et al., 2011).

A maioria dos antibacterianos exibe atividade através da inibicdo da enzima DNA
topoisomerase e desta forma, interfere na replicacdo de DNA, expressdo e recombinacdo de
genes. Através desta teoria, conseguiram provar que a isoflavona extraida da soja, € capaz de
inibir significativamente a atividade da DNA topoisomerase atraves da formacdo de
complexos que interferem com as ligagdes a esta enzima (WANG et al., 2010).

Os isoflavonoides, bem como outros flavonoides, podem bloquear o ciclo celular e
induzir a apoptose em células cancerigenas que se encontram em divisdo (SANDHAR et al.,
2011; HAVSTEEN, 2002).

Terpenos

Terpenos sao moléculas de hidrocarbonetos, enquanto que terpenoides sdo terpenos
que tiveram suas moléculas modificadas em, pelo menos, uma adicdo de um &tomo de
oxigénio (ZWENGER; BASU, 2008). Os terpenoides representam o maior grupo de
moléculas naturais presentes na natureza, exercendo diferentes fungdes em varios organismos
como nas bactérias, leveduras, fungos filamentosos, plantas, animais e em alguns organismos
marinhos (FAUSTINO, 2015).

Os terpenos ou isoprenoides sdo distribuidos no reino vegetal e apresentam grande
diversidade estrutural e geralmente séo insollveis em agua, formados pela fusdo de unidades
isoprénicas de 5 carbonos (C5), sendo subdividido e classificado em monoterpenos (2
unidades C), sesquiterpenos (3 unidades C5), diterpenos (4 unidades C5), triterpenos (6
unidades C5); tetraterpenos (8 unidades C5) e politerpendides (mais de 8 unidades C5)
(TAIZ, ZEIGER, 2009; BORGES, 2013).

As rotas principais na biossintese de terpenos ocorrem em organelas diferentes da
célula vegetal. Na rota do acido mevaldnico, que ocorre no citoplasma da mesma (Figura 8),
trés moléculas de acetil-CoA reagem para formar o acido mevaldnico e este, apds sofrer

reagOes de piro-fosforilagdo, descarboxilacdo e desidratacdo, resulta no isopentenil-difosfato
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(IPP) (TAIZ; ZEIGER, 2004). Este composto ativado de fosforo se converte em seu isdmero
dimetilalil-difosfato (DMAPP), o qual é biossintetizado pela rota do metileritritol-fosfato
(MEP) que ocorre nos cloroplastos, possui um grupo de saida, o oxigénio-pirofosfato (OPP).
Apds a protonacdo do seu oxigénio e, consequentemente, a formacdo do carbocation alilico,
ocorre a dimerizagdo, com formacdo do geranil difosfato (GPP). Na rota do MEP, ocorre a
reacdo de condensagdo entre uma molécula de gliceraldeido-3-fosfato e piruvato, que origina
0 DMAPP que se converte em seu isémero IPP (DEWICK, 2009).

Figura 8. Esquema da sintese de terpenos pelas vias MEV e MEP.
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Fonte: Rezende et al., (2017)

Os monoterpenos sdo constituintes que fazem parte da composicdo dos Oleos
essenciais, que por sua vez sao empregados na industria, na producdo de perfumes e

cosméticos (EDRIS, 2007), alem de apresentarem diversos efeitos farmacologicos, entre eles:
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antihipertensivo, anti-inflamatorio, antimicrobiano (ZORE et al., 2011) e antioxidante
(QUINTANS-JUNIOR et al., 2011).

Triterpenos e suas atividades bioldgicas

Nos ultimos anos, os triterpenos tém sidos apresentados como uma nova classe de
agentes terapéuticos antimicrobianos e antibiofilmes (KATERERE et al., 2003; FONTANAY
et al., 2008; NASCIMENTO et al., 2014; GOSSAN et al., 2016). Tal interesse &€ amplamente
justificado pelo rapido aumento da incidéncia de microrganismos patogénicos que representa
um importante problema de satde pablica mundial (SOTO, 2013).

Em relacdo a atividade bioldgica dos terpenos, Evaristo et al. (2014; 2017), relataram
que o triterpeno 3P,6B,16p-trihidroxilup-20(29)-eno, denominado como CLF1, apresentou
atividade bactericida e bacteriostatica sobre o crescimento planctonico e em forma de
biofilmes das bactérias Streptococcus mutans e Streptococcus parasanguinis caracterizando-
se como potencial agente antibacteriano.

Nascimento-Neto et al. (2015) verificaram que este mesmo triterpeno apresenta
atividade pro-cicatrizante em feridas cutaneas de camundongos, através de uma progressao
moderada de vasos no tecido de granulacdo da derme, rapida deposicao de matriz extracelular
e organizacao de miofibroblastos para tracdo da derme.

Gossan et al., (2016) demonstraram o pontencial antibacteriano dos triterpenos 28-
O-B-D-glucopiranosil-2a,3p,21p,23-tetrahidroxiolean-18-en-28-o0ato e arjungenina frente as
cepas de Escherichia coli (DHSa) e Enterococcus faecalis (ATCC 1054), Staphylococcus
aureus (CIP53154 e 8325-4), respectivamente.

Oleos essenciais

Oleos essenciais (OEs) sdo produzidos por plantas aromaticas e sd0 compostos
volateis, produtos do metabolismo secundario, com composicdo complexa de substancias
lipofilicas, geralmente odoriferas e liquidas (LINDE et al., 2016).

Sdo misturas altamente complexas de compostos quimicos presentes em diversas
espécies vegetais. Estes 6leos podem ser extraidos de distintas regides do vegetal, como em
folhas, galhos, raizes, frutos, sementes e flores. Determinadas estruturas vegetais Sdo
anatomicamente especializadas para acumular e secretar componentes dos 6leos essenciais,
como idioblastos secretores, ductos e tricomas glandulares. No organismo vegetal, os OEs
exercem varias fungdes ecoldgicas, agindo como mensageiros internos, substancia de defesa

contra predadores e como atrativo de agentes polinizadores (FRANZ; NOVAK, 2010).
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Constituintes quimicos dos OEs sdo compostos volateis, como hidrocarbonetos,
alcoois, acidos, aldeidos, cetonas, lactonas, fenois, Oxidos e ésteres, os quais podem ser
classificados em terpenos e fenilpropanoides (DJILANI; DICKO, 2012).

Geralmente, as propriedades biologicas dos 0leos essenciais sdo determinadas por
seus componentes principais, incluindo dois grupos de origem bio-sintética distintas.
(BOWLES, 2003; PICHERSKY; NOEL; DUDAREVA, 2006). Terpenos e terpenoides
compreendem 0s grupos principais, enquanto que os constituintes aromaticos e alifaticos
compreendem o outro grupo, todos caracterizados por baixo peso molecular. (CHOUHAN;
SHARMA; GULERIA, 2017).

A atividade antimicrobiana dos EOs tem sido atribuida aos seus compostos fendlicos
e sua interacdo com membranas celulares dos micorganismos que causam a liberacédo de ions
e seu conteudo citoplasmatico e, portanto, podendo levar a morte celular (BURT, 2004;
SUNTRES, COCCIMIGLIO; ALIPOUR, 2015).

Os OEs obtidos da flora nativa apresentam amplo potencial no controle de
fitopatdgenos, devido a sua acdo antifungica direta, inibindo o desenvolvimento micelial e a
germinacdo de esporos ou pela inducdo de fitoalexinas (OOTANI, 2010). Além de possuir
propriedades antiflngicas, ainda apresenta a¢fes antibacterianas e inseticidas com baixo risco
de toxicidade ao homem e ao meio ambiente (TOMAZONI, 2013).

Raut e Karuppayil (2014) relatam que diversos 6leos essenciais podem apresentar
atividade antibacteriana, antifungica, antiviral e antiprotozoaria, possuem, ainda, propriedades
capazes de prevenir o desenvolvimento de cancer e mutagcdes genéticas, apresentam potencial
antidiabético e atividade anti-inflamatoria.

Geralmente os OEs exibem maiores propriedades bacteriostaticas e bactericidas
contra bactérias Gram-positivas do que Gram-negativas, devido a camada de
lipopolissacarideos na sua membrana externa (TECHATHUVANAN et al., 2014; TEHRANI;
SADEGHI, 2015).

A parede celular das bactérias Gram-positivas consiste em peptidoglicano (90-95%),
juntamente com &cido teicoico e proteinas ligadas a ele. Como o0s principais constituintes dos
EOs sdo hidrofobicos, eles interagem com a membrana celular e passam facilmente através do
citoplasma. Enquanto que a estrutura da parede celular em bactérias Gram-negativas é mais
complexa, pois é composta por uma monocamada de peptidoglicano rodeada por uma
membrana externa constituida por proteinas e lipopolisacarideos. (KHORSHIDIAN et al.,

2018). Esta camada externa tem natureza hidrofilica, no entanto, os compostos hidrofébicos
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podem ultrapassar por essa barreira (VAARA, 1992; NIKAIDO, 1994; NAZZARO et al.,
2013).

Existe a necessidade de encontrar estratégias alternativas para lidar com infecgdes
resultantes de bactérias resistentes a medicamentos, devido ao aumento de bactérias
resistentes aos antibidticos e a falta de novos antibidticos trazidos para o mercado.
(CHOUHAN; SHARMA; GULERIA, 2017). O desenvolvimento de alternativas aos
antibioticos e a descoberta ou desenvolvimento de adjuvantes estdo entre as estratégias
potenciais propostas (BUSH et al., 2011). Combinacéo de antibiéticos com outras drogas que

ndo sdo antibidticas € uma dessas possibilidades.

Biofilmes microbianos
Conceito e aspectos gerais

As pesquisas cientificas vém dando maior énfase a estudar os biofilmes, sendo esta a
sua forma natural em que a maioria dos microrganismos é encontrada. O primeiro relato
cientifico sobre biofilme foi descrito em 1638 por Antonie Van Leeuwenhoek em seu artigo
para a Sociedade Real de Londres. Ele relata sua observacao sobre placa dentdria: “O numero
de animaliculos na superficie de um dente sdo tantos que eu acredito excederem o numero de
homens em um reino” (GULATI; NOBILE, 2016).

Os estudos sobre as comunidades microbianas tém chamado atencdo para a anélise
das complexas interacbes que surgem entre microrganismos da mesma espécie e espécies
distintas durante a formacdo de comunidades microbianas, denominadas biofilmes (PARROT
etal., 2016).

Biofilmes sdo comunidades microbianas caracterizadas por células aderidas a um
substrato abidtico ou bidtico e incrustadas numa matriz de substancias poliméricas
extracelulares (SPE), produzida pelos préprios microrganismos (HURLOW et al., 2015).

Além de auxiliar os microrganismos em sua adesdo, a matriz é capaz de conferir-lhes
maior resisténcia, provendo-lhes mecanismos adicionais de adaptacdo a fatores de estresse
(presenca de antibioticos, desenvolvimento da resposta imunoldgica do hospedeiro e a
dessecagdo da comunidade microbiana) (PAUL; JEFFREY, 1985; STOODLEY et al., 2002;
BEECH; SUNNER; HIRAOKA, 2005; FLEMMING; WINGENDER, 2010).

Além da barreira fisica produzida pela matriz, pesquisadores acreditam que 0S
microrganismos em biofilmes tém seu metabolismo e taxa de crescimentos reduzidos,
conferindo aos microrganismos uma maior tolerancia aos agentes antimicrobianos (DUNNE,
2002; DAVIES, 2003; DOUGLAS, 2003; AN; DONG; ZHANG, 2009). Além do mais, genes
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expressos em algumas bactérias codificam enzimas capazes de inibir a acdo dos antibidticos
(ANDERL et al., 2000).

Etapas de formacao de biofilme

A formagdo de biofilme comegca com a adesdo, que é seguida por crescimento e
expansao do biofilme (KOKARE et al., 2009). Principalmente a adeséo das células ir& ocorrer
em superficies mais asperas, mais hidrofobicas e revestidas por uma superficie de
condicionamento (DONLAN; COSTERTON, 2002; KOKARE et al., 2009).

A adesdo primaria compreende o primeiro passo para formar um biofilme maduro e
envolve a ligacdo reversivel de microrganismos planctonicos a uma superficie. (Figura 9)
(HOIBY etal., 2011).

A adesdo das superficies abidticas € mediada por interacbes fisico-quimicas
inespecificas, como as forcas hidrodindmicas, interacGes eletrostaticas, forcas de Van der
Waals e interagdes hidrofobicas, sendo que as células planctdnicas aderem a uma superficie
aleatoriamente com movimento browniano e forca gravitacional ou de maneira direcionada
via quimiotaxia, mobilidade dos flagelos e pili (PAVITHRA; DOBLE, 2008; TRENTIN et
al., 2013).

Enquanto a adesdo a superficies bioticas é realizada por interacdes moleculares
mediadas por lectinas ou adesinas (DUNNE, 2002). E importante ressaltar que as bactérias
anaerobicas facultativas tém a caracteristica de serem colonizadores iniciais, aderindo as
superficies e produzindo o EPS, criando entdo um ambiente favoravel para os microrganismos

anaerobicos nos estagios posteriores (MARANGONI et al., 2013).

Figura 9: Etapa de adesdo dos microrganismos.
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Fonte: adaptado de Trentin; Giordani; Macedo (2013).
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Ao analisar que a superficie do material em questdo pode ser um dispositivo
relacionado ao médico, como por exemplo, cateteres urinarios, cateteres venosos centrais,
tubos endotraqueais, préteses e valvulas cardiacas e que esse dispositivo sera inserido em um
hospedeiro, a adesdo reversivel entre a bactéria e a superficie pode acontecer de modo direto
ou atraves de um filme condicionante (Figira 10). Este filme é um filme orgéanico na qual
possui composicdo variavel, de acordo com o sitio de inser¢do, mas €é constituido,
principalmente, por proteinas, como albumina, imunoglobulina, fibrinogénio e fibronectina
(HERRMANN et al., 1988; GOTTENBOS et al., 2002; ROCHFORD; RICHARDS;
MORIARTY, 2012).

Figura 10. Adesdo bacteriana em superficies abidticas.
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Fonte: Trentin; Giordani; Macedo (2013).

A formacdo de um biofilme é um processo complexo, que requer uma interacdo
celula-célula coordenado por fatores fisicos, quimicos e biolégicos (TA; ARNASON, 2015).
Zhang et al. (2017) definiram a formacéo de formacéo de biofilme em quarto estagios, sendo
gue no estagio 1, os microrganismos sdo aderido a uma superficie e formam-se uma camada
confluente (figura 11). No estagio 2, os microrganismos se multiplicam e depois se juntam
para formar uma microcol6nia. A terceira etapa deste processo envolve a formacdo de
macrocoldnias das microcoldnias reunidas. Finalmente, no estagio 4, uma vez que o biofilme

maduro é formado, os microrganismos saem e reentram na estrutura do biofilme.
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Figura 11. Estagios do desenvolvimento dos biofilmes.

Estagio 1 Estagio 2 Estagio 3 Estigio 4

Fonte: Adaptado Tang et al. (2016)

Biofilme bacteriano de infec¢es causadas por Staphylococcus aureus

Biofilme microbiano é considerado um desafio mundial, devido a resisténcia
antibidtica inerente conferida pelo estilo de vida. Ao viver em comunidade em uma situacéo
clinica, os organismos microbianos sdo responsaveis por casos graves e perigosos de infec¢éo.
O combate a esta organizacdo de células geralmente requerem altas doses de antibiotico por
tempo prolongado, e essas abordagens muitas vezes falham, contribuindo para a persisténcia
da infeccdo (RIBEIRO et al., 2016).

Biofilme de S. aureus tornou-se notorio por causar infec¢Bes crénicas, devido a sua
capacidade de resistir ao tratamento terapéutico formando biofilmes em dispositivos médicos
domeésticos, incluindo véalvulas cardiacas artificiais implantadas, cateteres e proteses
articulares. (RIBEIRO et al., 2012; MCCONOUGHEY et al., 2014).

De fato, as infeccOes relacionadas aos biofilmes, estdo associadas ao aumento da
morbidade e mortalidade, com dispositivos médicos infectados que, muitas das vezes,
requerem remocdo cirurgica e aumento da duracdo da hospitalizacdo. Como resultado, a
prevaléncia dessas e outras doencas levaram a um aumento significativo nas despesas
associadas as infecgdes por S. aureus na Ultima década, com custos anuais estimados de US $
450 milhdes (PARVIZI et al., 2010; SONG et al., 2010).

S. aureus é capaz de se desenvolver em varios locais dentro do corpo, devido a sua
impressionante variedade de fatores de viruléncia, incluindo adesinas, toxinas e proteinas de
evasdo imune (FOSTER et al., 2014; THAMMAVONGSA et al., 2015)

Mais recentemente, a relevancia fisiologica da analise de biofilme in vitro foi
aprimorada medindo a formacdo de biofilmes em condic¢des de fluxo para recriar forgas de

cisalhamento em ambientes naturais, por exemplo, vasos sanguineos e valvulas cardiacas. O
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uso de ensaios de biofilme que combinam sistemas de células de fluxo microfluidico e
microscopia de lapso de tempo gerou um modelo de desenvolvimento de biofilme de
estafilococo caracterizado por cinco fases distintas: (i) anexo, (ii) multiplicacao, (iii) éxodo,
(iv) maturacéo e (v) disperséo (MOORMEIER; BAYLES, 2017).

Essas experiéncias revelaram um novo nivel de sofisticacdo, em que subpopulacées
metabolicamente heterogéneas sdo susceptiveis de melhorar significativamente a capacidade
de resposta ambiental e a adaptabilidade da comunidade de biofilmes como um todo
(MOORMEIER et al., 2013; 2014; MOORMEIER; BAYLES, 2017).

Na verdade, varios estudos de biofilme sugerem que os biofilmes de S. aureus se
desenvolvem em espessas camadas de células em que os mecanismos de desprendimento sao
desencadeados e as subpopulacdes do biofilme sdo dispersas, criando microcolénias na
biomassa que permanece (YARWOOD et al., 2004; BOLES; HORSWILL, 2008;
PERIASAMY et al., 2012).

No entanto, nem todas as infec¢des por S. aureus envolvem o desenvolvimento do
biofilme e ha evidéncias crescentes de que a formacdo de agregacdo ou "microcoldnia” é mais
relevante em muitos casos. Muitas das vezes, esses agregados estdo incorporados em material
do hospedeiro, como proteinas de matriz extracelular, fibrinogénio, fibronectina e colageno.
Essas microcol6nias ndo sdo necessariamente ligadas a superficie, sdo geralmente menores do
que os biofilmes e ndo formam as torres de cogumelos que sdo observadas com o crescimento
do biofilme in vitro. (BJARNSHOLT et al., 2013).

Ha varios estudos na literatura mostrando que a conversao de fibrinogénio em fibrina
pela enzima coagulase de S. aureus forma um tipo de escudo protetor, no qual as bactérias séo
incorporadas durante a patogénese de infecgdes por este microrganismo (CHENG et al., 2010;
MCADOW et al., 2011; GUGGENBERGER et al., 2012; THOMER et al., 2016), e foi
recentemente ampliado para demonstrar que a acumulacdo de biofilme mediada por fibrina e
dependente de coagulase em dispositivos médicos implantados, revestidos com plasma
sanguineo rico em fibrinogénio é um mais novo mecanismo de biofilme de S. aureus que é
independente de adesinas, tais como PNAG, eDNA e parede celular (proteinas ancoradas que
sd80 necessarias para a formacgdo de biofilmes in vitro) (ZAPOTOCZNA et al., 2015;
KWIECINSKI et al., 2016).

O fenotipo do biofilme ndo é apenas um processo acumulativo, com a expressao de
proteases, modulinas fenossolUveis e nucleases que sdo usadas para degradar as adesinas de
biofilme e promover a dispersdao (LISTER; HORSWILL, 2014). De fato, a dispersdao do

biofilme afeta significativamente a progressdo da doenca, promovendo a disseminacdo do
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patégeno da infeccdo para locais secundérios através do sistema circulatério (O’GARA,

2017).

Biofilme bacteriano de infec¢des causadas por Staphylococcus epidermidis

Outra espécie bacteriana do género Staphylococcus é S. epidermidis, um membro
permanente da microbiota humana normal, comumente encontrada na pele e mucosas. Ao
aderir as porcOes de superficie do tecido do hospedeiro através de adesinas especificas, S.
epidermidis é capaz de estabelecer uma relagdo comensal ao longo da vida com seres
humanos na qual comecga no inicio da vida. Embora os isolados de S. epidermidis comensais
exibam altas taxas de resisténcia a antibioticos de relevancia clinica (MORGENSTERN et al.,
2016), seu status padrdo como bactéria comensal torna esse fendbmeno bastante irrelevante
para o hospedeiro humano saudavel (BRESCO et al., 2017).

Para persistir na pele humana, S. epidermidis desenvolveu diversos mecanismos para
detectar e superar as caracteristicas fisicas e quimicas da defesa antimicrobiana do hospedeiro.
Tais mecanismos incluem adesinas superficiais que permitem a ligacdo ao hospedeiro
(COATES et al., 2014), sistemas para detectar peptideos antimicrobianos de hospedeiro
(AMPs), moléculas de comunicacdo (por exemplo, hormonios) (LI et al., 2007; N'DIAYE et
al., 2016) e mecanismos contra AMPs (JOO; OTTO, 2015).

A capacidade de aderir a uma superficie representa o primeiro passo na formacao de
biofilmes, comumente considerado o fator de viruléncia mais importante possuido por S.
epidermidis (BRESCO et al., 2017).

A presenca de matriz exopolissacaridea e a capacidade de formacdo de biofilme
apresentadas por S. epidermidis sdo importantes fatores que favorecem a resisténcia deste
microrganismo, visto que reduzem a capacidade de penetracdo de antibiéticos, dificultando a
acao dos mesmos (NANVAR et al., 2014).

Biofilme bacteriano de infec¢des causadas por Pseudomonas aeruginosa

Pseudomonas aeruginosa € uma bactéria Gram-negativa e aerdbica, sendo
encontrada em diversos habitats bidticos e abiéticos, incluindo solo, agua, insetos, plantas e
animais (GELLATLY; HANCOCK, 2013).

P. aeruginosa ¢ um antigo formador de biofilme que esta implicado em infeccGes
cronicas e agudas. Pode causar infecgfes cronicas particularmente devastadoras ou permitir

infeccOes nosocomiais que ameacgam a vida em curta duragdo (BILLINGS et al., 2013)
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Esta bactéria pode ser encontrada no ambiente em duas principais formas de
crescimento, como bactérias planctonicas e biofilmes (MULCAHY; ISABELLA; LEWIS,
2014). As bactérias planctonicas possuem varios apéndices de superficie que medeiam
motilidade (flagelo, pilus) e viruléncia (sistemas de secrecdo) (HUBER et al., 2016).

P. aeruginosa, residente em biofilmes, torna-se metabolicamente menos ativo e mais
resistente aos ataques do sistema imunoldgico ou a qualquer tratamento médico (TOLKER-
NIELSEN, 2014; RYBTKE et al., 2015; RASAMIRAVAKA et al., 2015). O biofilme é um
dos fatores de viruléncia mais importantes que surgem na superficie das bactérias que estao
incorporadas na matriz extracelular (COULON et al., 2010; WEI; MA, 2013).

Além da regulacéo tipica do desenvolvimento do biofilme, a formac&o de biofilmes
também envolve outros tipos de regulacdo, como a sinalizagdo mediada por acidos graxos,
que pode desempenhar um papel na regulacdo da dispersdo de biofilme de P. aeruginosa. O
sinal &cido cis-2-decenoico, parece estar envolvido na dispersdo de biofilmes maduros
(AMARI; MARQUES; DAVIES, 2013).

Existem varias razdes para a tolerancia ao biofilme, incluindo o crescimento lento e a
presenca de uma matriz extracelular constituida por varios biopolimeros. A formacdo e
proliferacdo de um biofilme com sua matriz circundante sdo influenciadas por uma
multiplicidade de fatores, incluindo varios sistemas regulatrios complexos que se mostraram
envolvidos em diferentes estagios do ciclo de vida do biofilme. Para o patdégeno oportunista
P. aeruginosa, varios foram identificados, incluindo o sistema de comunicacdo célula-célula,
guorum sensing, 0 mensageiro secundario  bis-(3"-5")-ciclico-dimériconguanosina
monofosfato e, mais recentemente, a cascata Gac / Rsm. (JAKOBSEN; TOLKER-NIELSEN;
GIVSKOV, 2017).

Muitos genes em P. aeruginosa sdo regulados e expressos pelo sistema quorum
sensing incluindo genes de patogénese, como aqueles para protease alcalina, piocianina,
pioverdina, cianeto, lipase, movimento de espasmos, alginato, azurina, quitinase, catalase,
superdxido dismutase, lasA, lasB, maquina de transporte XCP, etc. (MOGHADDAM,;
KHODI; MIRHOSSEINI, 2014).

Devido ao papel do quorum sensing na regulacdo, controle e formacéo de biofilme e
muitos fatores de viruléncia, a inibigdo de quorum sensing tem sido sugerida como alvo
potencial para novas estratégias preventivas e/ou terapéuticas de infec¢bes por P. aeruginosa.
(FAVRE-BONTE et al., 2007; MOGHADDAM; KHODI; MIRHOSSEINI, 2014). De fato, 0

conhecimento sobre formacdo de biofilmes e deteccdo de quorum sensing, resulta na
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identificacdo de novos alvos para terapéutica contra infec¢do por P. aeruginosa (SHARMA et
al., 2014).

Os exopolissacarideos Psl, Pel e alginato sdo constituintes principais da matriz de
biofilme de P. aeruginosa envolvidos na adesdo superficial e, juntamente com o eDNA,
determinam a arquitetura do biofilme. Esses SPE desempenham um papel importante na
resisténcia a respostas imunes e tratamentos antibidticos (GHAFOOR et al.,2011;
GELLATLY; HANCOCK, 2013; STREMPEL et al., 2013).

Semelhante a Psl, Pel é importante para iniciar e manter a interacao célula-célula em
biofilmes (COLVIN et al., 2011). Pel e/ou Psl sdo os polissacarideos estruturais da matriz
primaria em cepas de P. aeruginosa como um fendtipo ambiental predominante.
(MORADALI; GHODS; REHM, 2017).

Alguns estudos de biofilme in vitro mostraram que a composicao dos alginatos pode
influenciar muito as caracteristicas do biofilme, como propriedades viscoelasticas, biovolume,
densidade celular e arquitetura, além da interacdo célula-célula, agregacdo celular e agentes
de superficie (TIELEN et al., 2005; MORADALI et al., 2015).

Mecanismo de Resisténcia dos Biofilmes
Antibidticos

Os antibidticos tém mecanismos de acdo diferentes que sdo capazes de modificar a
traducdo, a replicacdo de DNA e sintese da parede celular (MORAR; WRIGHT, 2010). Além
do mais, nas ultimas décadas tém sido relatados varios casos de resisténcia a maioria de
classes de antibidticos utilizados na préatica clinica. Tal fato tornou-se um dos maiores
problemas de salde publica, principalmente nos paises em desenvolvimento porque estas
infeccbes causam alta taxa de mortalidade e morbidade na qual culminam na perda de
recursos humanos e econémicos (ASKARIAN et al., 2013).

A “era de ouro” dos antibidticos ndo durou muito tempo € um novo impedimento
surgiu, sendo este a resisténcia bacteriana. Esse acontecimento, causado pelo uso macico e
inadequado dos antibioticos, culminou na selecdo de isolados resistentes a maltiplas drogas,
deixando os doentes sem opcOes de tratamento e vulneraveis a doencas perigosas
(NISNEVITCH, 2013).

Nos dias atuais, tem sido relatado que véarias bactérias como as Pneumococcus sp.
Staphylococcus sp. e Streptococcus sp., desenvolveram resisténcia aos antibidticos e ainda,
mais de que 70 % dessas espécies, causam infeccdo. Vale lembrar que, apesar dos graves

quadros de infeccdo proeminentes dessas bactérias Gram-positivas, 0 maior alerta de saude
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publica esta em relacdo aos integrantes da familia Enterobacteriaceae, pois estes apresentam
resisténcia a ampicilina (B-lactdmicos), trimetropin, sulfametoxazol, tetraciclina, cloranfenicol
vancomicina e &cido nalidixico (MOSQUITO et al., 2011).

As bactérias do grupo Gram-positivas podem desenvolver resisténcia através do
efluxo de antibidticos, utilizando uma colegdo de proteinas que estdo associadas & membrana,
na qual funcionam como bomba de efluxo ou ainda, através da sintese de enzimas como, por
exemplo, as PB-lactamases, que rompem o anel lactamico e causam mutacdes em PBPs
(proteinas de ligacdo a penicilinas) conferindo-lhes, assim, resisténcia aos [-lactdmicos
(WRIGHT, 2005; MOSQUITO et al., 2011). Além do mais, em Gram-positivas também
ocorrem as alteragdes no sitio de ligacdo que atribuem resisténcia aos macrolideos ou entéo,
na reprogramacao da via de biossintese da parede celular, como na resisténcia aos antibidticos
glicopeptidicos (AKTAS et al., 2007; CETIN et al., 2010).

Em relacdo as bactérias Gram-negativas, sao descritos que as B-lactamases e PBPs,
na qual conferem resisténcia aos -lactamicos e apresentam uma agéo seletiva de porinas, que
dificultam a penetracdo do farmaco e a presenca de bombas de efluxo, que bombeiam a
antibidtico para fora da célula bacteriana (LLARRULL et al., 2010). O fendtipo de resisténcia
pode ser perceptivel em funcdo da presenca de um ou mais mecanismos moleculares de
resisténcia antibidtica na bactéria. Entre os diversos tipos de mecanismos moleculares de
resisténcia, destacam-se, por sua relevancia, a inativacdo enzimatica, as alteragdes no sitio
ativo e as alteracdes na permeabilidade (MOSQUITO et al., 2011).

Farmacos anteriormente abandonados por apresentarem espectro de acdo parecido
aos usuais, porém com alta toxicidade, tém sido reintroduzidos (MAALEJ et al., 2011). Ainda
assim, no tratamento clinico adotou-se como estratégia uma melhor utilizacdo dos antibi6ticos
licenciados, sendo combinado junto com os agentes terapéuticos a fim de obter uma melhora
no tratamento (ELOUENNASS et al., 2012). Contudo, em alguns casos a combinacdo pode
resultar em alteracBes dos parametros farmacocinéticos e consequentemente, em uma maior
toxicidade (PETROSILLO et al., 2008).

Para que os antibioticos tenham um efeito eficaz, é de extrema importante que a sua
concentracdo no local da infecgdo seja suficiente. Os antibidticos podem apresentar duas
funcOes diferentes: a inibicdo do crescimento bacteriano atraves da acdo bacteriostatica e a
destruicdo de uma populagdo bacteriana por uma acgdo bactericida. A primeira impede o
crescimento das bactérias, mantendo o mesmo na fase estacionaria. (PANKEY; SABATH,
2013), enquanto a bactericida atua em processos Vvitais para a célula levando a morte celular.
(GOODMAN; GILMAN'S, 2008; KATZUNG, 2007; LAGO, 2011).



40

Diferentes tipos de antibidticos afetam as paredes celulares, como os glicopeptideos,
fosfomicina ¢ B-lactdmicos, enquanto outros exercem a sua atividade inibido a sintese de
proteinas através da interacdo com subunidades ribossomais incluindo, o cloranfenicol, a
tetraciclina, aminoglicosideos e macrolideos. Outro tipo de antibidtico é a fluoroguinolonas e
rifampicina onde interfere a sintese de acido nucleico, enquanto outros exercem 0s Seus
efeitos por interferirem nas vias metabdlicas como, por exemplo, as sulfonamidas e analogos
de &cido félico. Existem, ainda, os antibidticos que causam ruptura da estrutura da membrana
bacteriana, como lipopeptideos e polipeptideos (LIMA et al., 2013). Os diferentes

mecanismos de acdo destas moléculas podem ser visualizados na Figura 12.

Antifangicos

Os antifungicos surgiram logo apds as drogas antibacterianas com o uso tépico de
solucBes compostas de &cido benzoico, acido salicilico e iodo (MEZZARI; FUENTEFRIA,
2012). No inicio do século XX, comecou a ser utilizado o iodeto de potassio (KI), farmaco
pouco efetivo e ndo especifico usado no manejo do tratamento de dermatoses inflamatérias,
como eritema polimorfo, granuloma anular e eritema nodoso, dermatoses neutrofilicas, como
sindrome de Sweet e pioderma gangrenoso e dermatoses infecciosas. Sob o pretexto de que
sua dose terapéutica era muito similar da dose toxica, o Kl foi substituido por outros novos
farmacos, entretanto ele desempenha um grande papel na micologia médica sendo ainda hoje
uma droga de primeira escolha para tratamento de esporotricose e segunda escolha para
zigomicose (COSTA et al., 2013; MACEDO et al., 2015).

E bastante limitado o arsenal antifingico disponivel comparado com o
antibacteriano. Isto pode estar relacionado a dificuldade de descobrir um farmaco, que seja
eficaz apenas em célula fangica eucaridtica sem possuir toxicidade para as células do
hospedeiro (SILVA et al., 2012).

Os antifungicos azoélicos possuem amplo espectro de acdo e sdo divididos em duas
classes: imidazélicos e triazolicos. O primeiro imidazolico de agdo tdpica, o clotrimazol, foi
langado no ano de 1960 e ainda € usado para candidiase superficial. Os triazélicos séo divididos
em primeira geracgéo (itraconazol e fluconazol) e de segunda geragéo (voriconazol e posaconazol).
Os azolicos agem inibindo a enzima denominada de lanosterol-14-a-desmetilase, uma enzima
chave no processo de producéo do ergosterol. Sem essa enzima, o ergosterol ndo e formado e
a célula fangica tem sua membrana enfraquecida (Figura 13) (SILVA et al., 2012;
COLOMBO et al., 2013).



Figura 12: Representagdo dos principais alvos de antibioticos. Os antibidticos que sdo capazes de inibir o metabolismo do folato, que € um componente necessario para a
sintese de ADN (sulfonamidas). Além disso, os antibiéticos que inibem a biossintese de proteinas podem agir sobre os ribossomos utilizando a subunidade 30S (tetraciclina e
aminoglicosideos) ou 50S (cloranfenicol e macrolideos). Antimicrobianos envolvidos na replicacdo de DNA e RNA podem causar uma inibigao da transcri¢éo por ligacéo a
RNA polimerase, prevenindo assim a sua ligagdo ao DNA (rifampicina). Finalmente antibioticos que se ligam & DNA girase (quinolonas).
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Figura 13. Mecanismo de a¢do de compostos antiflngicos afetando a rota Biosintética do ergosterol. Enzimas
alvo a direita das setas com genes codificadores entre parénteses. Compostos antifungicos a esquerda das setas.
Setas indicam passos para a biossintese do ergosterol.
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Estresse oxidativo e atividade antioxidante de 6leos e metabolitos secundarios

O estresse oxidativo resulta em um desequilibrio na producédo de espécies reativas de
oxigénio (ERO) e a capacidade antioxidante das células. Os EROs, tais como o superdxido
(02), o peroxido de hidrogénio (H,O;) e os radicais hidroxilo (OH) sdo constantemente
produzidos em células aerdbicas, por reducdo incompleta de O, molecular a H,O durante a
fosforilagéo oxidativa mitocondrial. (BIRBEN et al., 2012).

Além disso, os EROs sdo gerados durante uma série de processos, como inflamacé&o,
infeccdo, tensGes mecanicas e quimicas, exposicdo a radiacdo UV e radiagdo ionizante. Os
niveis basais de EROs atuam como moléculas de sinalizacdo para ativar a proliferacéo celular,
a sobrevivéncia, a apoptose, a diferenciacdo, as respostas imunes, a motilidade e as vias
sensiveis ao estresse. (RHEE, 2006; SENA; CHANDEL, 2012; CHEN et al., 2016)

No entanto, a producdo excessiva de EROs resulta em danos irreversivel ao DNA,

tais como modificagdes nas ligagdes de base, levando & morte celular. (GORRINI; HARRIS;
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MAK, 2013) Portanto, a regulacdo celular de EROs é fundamental para a manutencdo da
homeostase celular. (CHIKARA et al, 2018)

EROs sdo atomos ou moléculas que proporcionam uma reducdo no nimero central
de seus elétrons, muito instaveis, tornando-se altamente reativo e com grande habilidade para
combinar-se com distantes moléculas celulares. Nos organismos, seu excesso cumpre efeitos
danosos sobre enzimas, proteinas teciduais e comprometimento da integridade das membranas
celulares (BARREIROS; JORGE, 2006; AZEVEDO et al., 2014)

Devido a producdo excessiva de radicais ou a velocidade diminuida de sua remocéo,
e conduz a oxidagdo de biomoléculas com desequilibrio homeostatico ou perda de seus
desempenhos bioldgicos, acarretando danos potenciais em células e tecidos. Os lipidios, que
sdo componentes essenciais das membranas celulares, sdo alvos principais do ataque por
radicais livres de oxigénio. A recorréncia do processo de oxidacdo lipidica implica risco
aumentado para doencas cronicas ndo transmissiveis (GIL-CHAVEZ et al., 2013; YIN; XU;
PORTER, 2011).

Desta forma, os EROs oxigenados sdo produzidos constantemente in vivo para fins
fisioldgicos e atuam como mediadores para a transferéncia de elétrons nas diversas reacdes
bioguimicas, sendo Uteis na protecdo frente a microrganismos patégenicos, possibilitando a
geracdo de ATP (energia) por meio da cadeia transportadora de elétrons, fertilizacdo do évulo,
ativacdo de genes, etc. O excesso pode resultar em estresse oxidativo (BARBOSA et al.,
2010; ALVES et al., 2010).

Com base nisso, os antioxidantes sdo substancias com a habilidade de retardar ou
inibir a oxidagdo de substratos organicos, protegendo as células contra os efeitos danosos dos
radicais livres e espécies reativas de oxigénio (ERO), sendo estas substancias envolvidas em
um amplo ndmero de doencas relacionadas ao estresse oxidativo (MORAIS et al., 2009;
SHAHIDI; AMBIGAIPALAN, 2015).

Desta forma, o corpo produz antioxidantes mesmo estando em pequenas
concentracdes que as do substrato oxidavel, para inibir ou reduzir os danos causados pela acédo
deletéria dos radicais livres. A acdo antioxidante pode ser preventiva, prevenindo a formacao
dos radicais livres; por varredura, impedindo sua agdo; ou por reparo, reconstituindo as
estruturas lesadas (RODRIGO; MIRANDA,; VERGARA, 2011).

O interesse para a identificacdo de antioxidantes alimentares de fontes naturais,
principalmente de origem vegetal vem aumentando cada vez mais. A caracterizagdo dos
compostos fenolicos, capacidade antioxidante, carotenoides e acUcares sollveis totais que

estdo presentes nos alimentos sdo de grande valor, devido a protecdo desempenhada por esses



44

compostos no corpo humano contra os efeitos nocivos dos radicais livres, além de retardar o
avanco de muitas doencas cronicas e impedir a peroxidacao lipidica (GULCIN, 2012).

A capacidade de um composto inibir a degradacdo oxidativa espontanea de um
substrato € descrita por dois parametros distintos: o fato estequiométrico (também
denominado por alguns como "capacidade antioxidante"), que é o nimero de radicais presos
por uma molécula antioxidante e a reatividade, o mais importante na determinacdo da
atividade antioxidante, que depende da constante de velocidade da reacéo entre antioxidantes
e os radicais transportadores de cadeias. (ROGINSKY:; LISSI, 2005; VALGIMIGLI; PRATT,
2012).

Atividades antioxidantes de dleos essenciais e metabolitos secundérios da familia
Fabaceae, ja sdo descritas na literatura. O equilibrio celular dos radicais livres € mantido por
diferentes antioxidantes. Flavonoides, terpenoides e constituintes fendlicos de EOs exibem
efeitos antioxidantes (TOMAINO et al., 2005; FERGUSON; PHILPOTT, 2008; MIGUEL,
2010; CAVAR et al., 2012; SANCHEZ-VIOQUE et al., 2013).

Vasconcelos et al. (2014) mostraram que o0 composto  3-metoxi-[a,B:6,7]-
furanoauronol isolado das raizes de Lonchocarpus obtusus e foi capaz de sequestrar o radical
DPPH e possui potencial em inibir a oxidagdo do f-caroteno em protegé-lo de radicais livres
gerados durante a peroxidacdo do acido linoléico.

Awaad et al. (2012) analisaram os flavonoides quercetina-6,4'-dimetoxi-3-fructo-
rhamnoside e quercetina-4'-metoxi-3-fructo-rhamnoside, isolados do extrato etanolico de
Atriplex lentiformis, apresentando potenciais antioxidantes ativos sem efeitos colaterais.

Promden et al. (2014) avaliaram as atividades antioxidantes de 24 isoflavonoides de
Dalbergia parviflora através de trés sistemas de ensaios in vitro antioxidantes
complementares: xantina/xantina oxidase, capacidade de absorbancia de radicais de oxigénio
(ORAC) e 2,2 -difenil-1-picrilidrazilo (DPPH). As isoflavonas exibiram a maiores resultados
antioxidante com base nos trés ensaios. A presenca adicional de um OH no anel B em R3' ou
R5' da estrutura basica de R7-OH no anel A, e R4'-OH ou OMe do anel B aumentaram as
atividades antioxidantes de todos os subgrupos de isoflavonoides.

Rao et al. (2011) analisaram os compostos 3-(4-(3,4,5-trihidroxibenzoiloxi) fenil)-2-
acido aminopropanoico, 3-(4-(4-hidroxi,3-metdxibenzoiloxi) fenil)-2-acido aminopropandico
e 3-(4 (3,4-dihidroxibenzoiloxi) fenil)-2-4cido aminopropandico isolados de Inga laurina e

mostraram atividades pelo método DPPH.
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O Oleo essencial das folhas de Myrocarpus frondosus apresentou atividade
antioxidante na inibicdo de 40,92%, o que pode ser explicado pela presenca de terpenos,
sendo responsaveis pela atividade (SANTI et al., 2017).

Ghahari et al. (2017) relatam que o0 06leo essencial extraido das sementes de Glycine
max tem capacidade de doacdo de prdtons, servindo como um inibidor ou eliminador de
radicais livres e atuando como possivel antioxidante. A capacidade de eliminacdo de radicais

livres do 6leo essencial foi determinada com um valor ICso de 162,35 pg/mL.
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3 PROPRIEDADES QUIMICAS E FARMACOLOGICAS DO GENERO Myroxylon L.
f. (FABACEAE): UMA REVISAO DE LITERATURA

RESUMO
Compostos quimicos com atividades biolégicas isolados de espécies vegetais e usados pela
populacdo por meio de extratos e 6leo essencial sdo promissoras fontes de prospeccdo de
novos farmacos. O género Myroxylon L. f. apresenta elevado potencial farmacoldgico, sendo
usado na medicina popular para o tratamento de diversas enfermidades, como, por exemplo,
feridas, catarros, ulceras, dor de cabeca e de ouvido. Este artigo de revisdo apresenta as
principais caracteristicas fitoquimicas e farmacoldgicas das espécies do género Myroxylon (M.
peruiferum L. f., M. balsamum e M. pereirae), cujo estudo de atividades biologicas séo

promissores.

Palavras-chave: Etnofarmacologia. Fitoquimica. Fabaceae. Papilionoideae. Potencial

bioldgico.

ABSTRACT
Chemical compounds with biological activities isolated from plant and used by the population
through extracts and essential oils are promising sources of prospection for new drugs. The
genus Myroxylon L. f. showed high pharmacological potential being used in popular medicine
for the treatment of various diseases such as wounds, colds, ulcers, headache and ear
infections. This review article presents the main phytochemical and pharmacological
characteristics of the species from Myroxylon (M. peruiferum L. f., M. balsamum and M.

pereirae), wich study of biological activities are promising.

Keywords: Ethnopharmacology. Phytochemistry. Fabaceae. Papilionoideae. Biological

potential.
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Introducéo

Os vegetais tém sido utilizados com fins medicinais desde o inicio da civilizagédo
humana para a finalidade de prevencéo, tratamento e cura de diversas doencas (De Carvalho
et al. 2013). A evolugdo do conhecimento cientifico intensificou os estudos sobre plantas
medicinais, relacionando a sua composic¢ao quimica com os seus efeitos, confirmando, muitas
vezes, a sua utilizacao popular (Cavalcante et al. 2013).

Vérias espécies vegetais apresentam constituintes na sua composi¢cdo quimica,
compostos possuidores de vérias atividades bioldgicas, dentre as quais podemos destacar as
atividades antimicrobianas, antioxidantes e anticancer.

A familia Fabaceae, também denominada Leguminosae, pertence a ordem Fabales,
classe Magnoliopsida e divisdo Magnoliophyta (Roskoy et al. 2007). E composta por
aproximadamente 19.000 espécies, distribuidas em 695 géneros (Giulietti et al. 2005). Essa
familia é formada por arvores, arbustos, lianas e ervas e tem distribuicdo cosmopolita (Di
Stasi & Hiruma-Lima 2002). O Brasil apresenta cerca de 2.827 espécies, distribuidas em 222
géneros, sendo que 1.524 espécies e 16 géneros sdo endémicos (BFG 2015).

E uma das maiores e mais importantes familias botanicas, devido ao grande nimero
de espécies vegetais utilizadas como fonte de produtos alimentares, medicinais, ornamentais,
madeireiros e fornecedores de forragem, fibras, corantes, gomas, resinas e 6leos (Di Stasi &
Hiruma-Lima 2002; Watson & Dallwitz 2009). A familia Fabaceae é dividida em trés
subfamilias: Faboideae, Caesalpinioideae e Mimosoideae (Souza & Lorenzi 2008).

Dentre seus principais géneros das leguminosas, destaca-se o Myroxylon, cujos
estudos fitoquimicos e bioldgicos de extratos, 0leos essenciais e/ou metabdlitos secundarios
estdo sendo relatados tanto na medicina cientifica quanto na medicina popular. Apenas duas
espécies sdo encontradas no Brasil: M. peruiferum L. f., amplamente distribuida no pais, e M.
balsamum, esta Ultima apenas é encontrada em territorio brasileiro no estado do Acre (Sartori
et al. 2015).

Entretanto, a importancia de realizagdo de estudos sobre plantas medicinais ndo
reside apenas na caracterizagcdo quimica e fisica, mas sim na possibilidade de vincular os
conteudos apresentados com determinadas propriedades funcionais bioativas.

Nesse contexto, este artigo tem como objetivo apresentar um levantamento
bibliografico do potencial fitoquimico e farmacoldgico das espécies do género Myroxylon: M.

peruiferum L. f., M. balsamum (L.) Harms e M. pereirae (Royle) Klotzsch.
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Material e Métodos

As pesquisas foram realizadas entre 02 de novembro de 2015 a 02 de agosto de 2017,
utilizando as seguintes palavras-chave de busca: "atividade antimicrobiana de Myroxylon”,
“atividade antibacteriana e antifungica do género Myroxylon”, “atividade anticancer do
género Myroxylon”, “avaliagdo antioxidante do género Myroxylon”, “composi¢do quimica do
género Myroxylon”, “6leo essencial do género Myroxylon” e “medicina tradicional do género
Myroxylon”. As pesquisas foram realizadas utilizando bases de dados em periddicos,

incluindo a PubMed, Science Direct, Scopus, Scielo, peridédicos Capes e Google académico.

Resultados e Discussao

Familia Fabaceae

Fabaceae constitui uma das familias botanicas de grande importancia econdmica e
medicinal, destacando-se algumas espécies dessa familia no tratamento de doencas devido as
suas propriedades curativas e terapéuticas. Muitas delas sdo usadas tanto na farmacologia
guanto na medicina popular (Gomes et al. 2008).

Loiola e colaboradores (2010) destacam o uso de plantas da familia Fabaceae como
recurso medicinal em varias comunidades rurais da caatinga, mencionando a utilizacdo dessas
plantas em rituais religiosos, além de enfatizarem a influéncia desse grupo de plantas na
cultura sertaneja.

As espécies dessa familia sdo ricas em flavonoides e compostos biossinteticamente
relacionados, como o rotendides e isoflavonoides. Alcalbides, terpendides e esteroides sdo
exemplos de outras classes de substancias que ocorrem em muitos exemplares da familia, ja
0s taninos tém frequéncia muito baixa se comparados aos flavonoides (Rocha e Silva et al.
2007).

Deste modo, o estudo fitoquimico e farmacologico tem se tornado imprescindivel
para auxiliar na identificagdo de substéncias bioativas, mostrando o uso correto das mesmas,

seja na medicina popular ou no direcionamento para estudos bioldgicos especificos.

Género Myroxylon
O género Myroxylon foi instituido pelo cientista Linnaeus Filuis (1781), com relacéo
as amostras provenientes da América do Sul, coletadas por Mutis. J& Willdenow (1799)

ampliou a circunscri¢cdo do género Myroxylon, adicionando como sindnimo a M. frutescens
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Jacqg. e M. pedicellatum Lam. Além disso, considerou Toluifera como género monotipico. As
espécies do género Myroxylon sdo denominadas, popularmente, por diferentes nomes nas
areas de ocorréncias, como Chuchupate (Linares & Bye 1987), Guatemala (Léon & Alain
1951), Balsamo, Cabretva-vermelha, Pau-de-incenso, Caboreiba-vermelha, Cabrelva e Pau-
vermelho (Lorenzi 1992).

O bélsamo terapéutico mais utilizado é do Peru e do Tolu, obtidos das espécies M.
pereirae e M. balsamum, respectivamente. Algumas diferencas sdo abordadas entre as
espécies produtoras do bélsamo, tanto nos aspectos morfolégicos, quanto no seu aroma. E
descrito que essas espécies do género Myroxylon tém uso na medicina popular desde o inicio
da civilizacdo, sendo usada contra acarinos e nos tratamentos de feridas e vias respiratorias
(Inenami et al. 1984).

De acordo com Fluckiger e Hanbury (1874), é no caule desse género que sao
encontrados 0s principais constituistes que sdo utilizados como ingredientes para a fabricacdo
de pomadas cicatrizantes, aromatizantes de xarope e de sab&o. Linares e Bye Jr. (1987)
acrescentam ainda a utilizacdo como medicamento para congestdo nasal, dores estomacais e
reumaticas, e para fabricacdo de perfumes. Entretanto, trabalhos relacionados a atividades

farmacoldgicas do género Myroxylon sdo escassos na literatura.

Myroxylon peruiferum L. f
Descricao geografica

E uma planta de origem nativa, ndo endémica no Brasil, com distribui¢do geografica
confirmadas no Nordeste (Bahia, Ceard, Paraiba), Centro-oeste (Distrito Federal, Goias, Mato
Grosso do Sul, Mato Grosso), Sudeste (Espirito Santo, Minas Gerais, Rio de Janeiro, Séo

Paulo) e Sul (Parand). Pode ser encontrada no Cerrado e na Mata Atlantica (Sartori 2015).

Conhecimento popular

Myroxylon peruiferum L.f. (Fabaceae) é conhecida popularmente como cabrilva,
pau-de-balsamo e balsamo. E uma planta decidua, helitfita, possuindo cerca de 10 a 20
metros de altura. Suas folhas sdo compostas pinadas, de ocorréncia em quase toda a extensao
do pais, e a madeira é adequada para mobiliario, revestimentos, construcéo civil, dentre outras
atribuices, por causa da sua alta resisténcia ao apodrecimento (Lorenzi 1998).

Em relacdo ao conhecimento popular, Lorenzi &Matos (2002) relatam que a
utilizacdo das folhas, frutos e resina do M. peruiferum L.f. é ideal para combater feridas e

Ulceras. Lorenzi & Matos (2008) acrescentam ainda a recomendacdo do uso para asma,
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reumatismo, catarro, feridas externas, dor de cabeca, torcicolo e tuberculose. Sandoval &
companheiro (1996) mostraram a utilizacdo do extrato aquoso do fruto para aliviar a dor de
ouvido. De acordo com Nogueira (1977), todas as partes da planta sdo consideradas

medicinais (a casca, a entrecasca, a madeira, as folhas e o 6leo).

Propriedades quimicas

O estudo da composicdo quimica do caule de M. peruiferum L.f mostrou a presenca
de compostos predominantes como o nerolidol, vanilina e flavonoides, sendo relatada pela
primeira vez na literatura. (Maranduba et al. 1979). Inenami (1984) identificou a presenca de
cumarina (2h-1-benzo-piran-2-ona) enddgena nas sementes de M. peruiferum L.f, atuado,
provavelmente, como um inibidor alelopético.

Akisue (1971,1972a e 1972b) descreveu varios experimentos com a finalidade de
encontrar melhor rendimento da espécie estudada. Esse mesmo autor efetuou a caracterizacdo
fisica e quimica com diversas reacfes e analises quimicas quantitativas através de
cromatografia em camada delgada. Nesse estudo, fracionou o balsamo em éacidos fortes e
fracos, fenois fortes e fracos, lactonas, aldeidos, cetonas, alcoois primarios e secundarios,
entre outros compostos. Entre os componentes, foram demonstrados os acidos benzoicos e
cindmico, vanilina, benzoato de benzila, cinamato de benzila, nerolidol e o &lcool benzilico.

J& 0 bleo essencial do M. peruiferum L.f., obtido por hidrodestilacdo, apresentou as
mesmas estruturas citadas, como a presenca do fernesol, contribuindo com as pesquisas feitas
por Marandura e colaboradores (1979). Além disso, na sua fracdo resinosa foram encontrados
monoterpenoides,  sesquiterpenoides,  fenilpropanoides, &lcoois e derivados de
fenilpropanoides (Oliveira et al. 1978, Maranduba et al. 1979).

Maranduba e colaboradores (1979) realizaram analise do extrato etanolico e
benzénico do caule de M. peruiferum L.f e encontraram onze flavonoides, dois deles sendo
descritos pela primeira vez na literatura: 2'-hidroxi-7,3', 4-trimetoxiflavona e 2'-hidroxi-7,3', 4

trimetoxi-isoflavonona.

Propriedades farmacoldgicas

Os compostos 3',4',7-trimetoxiisoflavonas,  6-hidrdxi-4',7-metoxi-isoflavona e
germacreno D foram isolados a partir das folhas de M. peruiferum L.f e apresentaram
atividade antimicrobiana sobre Mycobacterium tuberculosis, Mycobacterium avium e

Mycobacterium kansasii (Carvalho et al. 2008).
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Estudos bioldgicos dessa espécie sdo raramente encontrados na literatura. Um estudo
realizado por Gongalves et al. (2005 e 2007) mostrou que o extrato hidroalcodlico da casca de
M. peruiferum L.f apresenta atividade antimicrobiana pelo método de difusdo em agar contra
isolados clinicos das espécies Escherichia coli, Enterobacter aerogenes, Klebsiella
pneumoniae, Providencia spp, Proteus mrabilis, Pseudomanas aeruginosa, Staphylococus
aureus e Salmonella Typhimurium, e sensibilidade para Streptococcus pyogenes, Shigella
flexneri, Shigella sonnei, Staphylococcus epidermidis e Staphylococcus spp.

Corroborando com esses achados, Matos Neto (2013) demonstrou que o extrato
etandlico da casca de M. peruiferum L.f. apresenta atividade antimicrobiana sobre cepas
isoladas a partir de contaminagdo em alimentos, dentre estas: Staphylococcus aureus (ATCC
25923), Enterococcus faecalis (ATCC 29212), Klebsiella pneumoniae, Aeromonas caviae,
Pseudomonas aeruginosa, Vibrio parahaemolyticus, e Escherichia coli. A cabreuvina € o
composto mais importante do extrato acetato de etila de M. peruiferum, com atividade
antibidtica comprovada contra Helicobacter pylori (Ohsaki et al.1999).

A acdo de compostos bioativos sobre fatores de viruléncia de determinados
microrganismos é uma das alternativas mais promissoras para combater microrganismos
patogénicos. A partir do extrato aquoso das folhas de M. peruiferum, Trentin et al. (2011),
constataram a atividade antimicrobiana desse vegetal na formacdo do biofilme de
Staphylococcus epidermidis ATCC 35984.

Mufioz et al. (2000) mostraram que o extrato etanélico do fruto apresentou inibicéo
de 100 pg/mL em atividade antimalarica in vitro, cerca de 44% de inibicdo. Relataram ainda a
atividade in vivo em ratos com dose de 1000 mg/kg, com 35% de inibigé&o.

O Oleo essencial da casca de M. peruiferum apresentou inibicdo frente a
Leishmania amazonensis de 1Csp 162, 25 pg/mL. Ja para a citotoxicidade contra células
monocamadas de L6, o 6leo essencial apresentou concentracdo capaz de paralisar 50% (CCs)
das células ap6s 24h de tratamento de 160, 80, apresentando baixa toxicidade (Andrade et al.
2016). Para atividade antioxidante, Silva-Junior et al. (2015) demonstraram claramente, pela
primeira vez, que o0s extratos metandlico e aquoso das folhas de M. peruiferum apresentam

forte atividade antioxidante nos ensaios in vitro realizados.

Myroxylon balsamum (L.) Harms
Distribuicéo geogréafica
E uma planta de origem nativa, ndo endémica no Brasil, com distribuicio geografica

confirmada apenas no Acre (Sartori 2015). Balsamo do Tolu é obtido a partir M. balsamum,
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uma arvore da familia Fabaceae, nativa da Coldmbia e Venezuela. Ele também cresce nas
Antilhas, principalmente em Cuba. O Balsamo é produzido fazendo incisdes na casca das
arvores, sob a forma de canais (Bahrle-Rapp 2007), e foi incluso na Farmacopeia Britanica
em 1820, com indicacdo para o tratamento de bronquite, laringite, diarreia e leucorreia, bem

como um aromatizante alimentar.

Conhecimento popular

E amplamente utilizado como uma locdo para o tratamento de feridas, ulceras e
sarna, condicionadores capilares, produtos anticaspa, desodorantes, sabdes, cremes, locdes,
pulverizagdes e comprimidos para resfriado comum (Taylor, 1998, BBaylor, 19, 2007,
Heinrich et al. 2008).

Propriedades quimicas

M. balsamum apresenta na sua fracdo resinosa aproximadamente 70% a 80% de
composto ésteres cinamico e benzoico de um 6éleo resinoso conhecido como toluresinotanol.
O bélsamo tem 35% de &cidos livres, como o &cido cinamico, de 12% a 15%, e 8% de acido
benzdico. A fracdo volatil (7,5%) é composta por cinamato de benzilo, benzoato de benzilo,
vanilina, farnesol e terpenos (Costa 1994). Banerji (1995) identificou nas sementes de M.
balsamum dez acidos graxos e varias proteinas com o potencial de aditivos alimentares.

A fracdo hexanica obtida do extrato etandlico de M. balsamum tem sido considerada
a fracdo mais aromatica, com uma mistura de substancias terpénicas e aromaticas, incluindo
os &cidos benzdico e cindmico, os alcoois e aldeidos, o etilo, ésteres de benzilo e de cinamilo,
cinamato de metilo, estireno, eugenol, vanilina, acido feralico, benzilo isoferulico, ferdlico, e
1,2-difeniletano, todos identificados por Wahlberg et al. (1971) e por Boelens et al. (1982).

Colaborando com esses achados, Naves (1949), Gottlieb & Magalhdes (1959),
Harborne et al. (1963), Cheng et al. (1996) e Simas et al. (2004) identificaram os seguintes
constituintes: Cabreuva, farnesol, terpenos, nerolidol, a e B-pineno, carvona, geraniol, mentol,
citronelal, linalol, os fenilpropanoides cinamaldehido, eugenol e safrol a partir da fragéo
obtida por hexano do extrato etandlico da casca do vegetal.

No entanto, a resina desse vegetal contém aproximadamente 80% de ésteres
cindmicos e benzoicos do éalcool resinoso, conhecido como tolu-resinotannol, que ¢é
essencialmente composto de benzoato de benzilo e cinamato de benzilo (Custodio et al.
2012).
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Em relagdo a constituintes mais complexo, Oliveira et al. (1978) isolaram os
flavonoides (£) -7-hidroxi-4'-metoxi-isoflavona, (£) -7,3"-dihidroxi-4'- metoxi-isoflavona e 2-
(2', 4'-di-hidroxifenil)-5,6-metilbenzofurano provenientes dos extratos etanolico e benzénico
do tronco da madeira de M. balsamum. Do seu tronco, foram isolados isoflavondides,
flavononas e isoflavononas, enquanto nas folhas foi caracterizado um triperpeno pentaciclico.
(Mathias 2000).

Propriedades farmacologicas

O extrato etanolico, assim com as fragdes hexanicas, e cloroférmico da casca de M.
balsamum apresentou atividades sobre bactérias resistentes, especialmente a Staphylococcus
aureus, resistente a meticilina, e Pseudomonas aeruginosa isoladas de infeccdes hospitalares,
revelando a sua possivel aplicacdo clinica. O bioensaio com o extrato levou a identificacdo da
isoliquiritigenina calcona, um composto antimicrobiano, apresentando atividade sobre S.
aureus, S. epidermidis e S. haemolyticus (Machado et al. 2005).

Estudos realizados por Jeong-Hyun & Lee (2010) demostraram o potencial
antifangico da resina de M. balsamum frente a Malassezia furfur. Por sua vez, Sales et al.
(2016) mostraram em ensaios in vitro que a tintura mée de M. balsamum apresentou zonas de
inibicdo de crescimento de 12 e 11 mm de diametro para Chalara paradoxa e = Fusarium
guttiforme, respectivamente. Os ensaios foram realizados pelo método de difusdo em agar. As
tinturas maternas apresentaram alta difusdo no meio de crescimento devido ao seu carater
hidrofilico (Talibi et al. 2012), tornando 0s grupos quimicos ativos disponiveis para os fungos
analisados, 0 que representa uma caracteristica importante na avaliagdo de novos compostos.

J& Simas e colaboradores (2004) utilizaram a fracdo hexanica do extrato etanolico da
casca de M. balsamum e foi caracterizada uma substancia ativa, denominada de sesquiterpeno
E-nerolidol, mostrando-se atividade larvicida sobre o A. aegypti, com uma CLso de 17 ppm.
Em trabalho anterior, Chantraine et al. (2002) relataram atividade larvicida para a mesma
fragéo, apresentando uma CLso de 9,0 ppm.

Jankowsky (2005), em seus experimentos sobre atividade anticancer, descreve que o
extrato diclorometano e etandlico da casca de M. balsamum apresentou atividade citostatica e
citocida para as seguintes linhagens celulares: melanoma, carcinoma mamario, carcinoma
mamario resistente e carcinoma de grande celula, leucemia, adenocarcinoma ovariano,
prostatico, colorretal e de células renais.

No que se refere a toxicidade, Popova e colaboradores (2001) demostraram que 0s

extratos etanolicos, éter de petréleo, Cinnamato de benzilo, Benzoato de benzilo e butanol de
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M. balsamum apresentaram toxicidade sobre Artemia salina com 1Cs 1,8, 1,7,0,4, 0,4 e 23,
respectivamente.

Em relacdo a atividade antioxidade, estudos realizados por Saleh et al. (2010)
mostraram que o Oleo essencial de M. balsamum apresentou mais de 90% de inibicdo do
radical livre 2,2-difenil-1-picril-hidrazil (DPPH) nas concentragdes de 100 mg/mL, 25 mg/mL
e 5 mg/mL. Produtos naturais estdo em crescente demanda para a fabricacdo de alimentos,
cosméticos e produtos farmacéuticos.

O Balsamo do Tulo é um agente bloqueador solar bem conhecido na qual apresenta
um fator de protecdo solar (FPS) adequado, quando comparado com o &cido aminobenzdico
(EI-Shaer 2006).

Myroxylon pereirae (Royle) Klotzsch
Distribuicéo geogréafica
M. pereirae € uma espécie nativa da América Central. (Robbers et al. 1996).

Conhecimento popular

Tradicionalmente, € utilizada no tratamento contra cancer (Hartwell 1970). Essa
espécie produz um balsamo denominado de Balsamo do Peru, assim chamado porque um dos
primeiros lugares que foi vendido foi no Porto, no Peru (Robbers et al. 1996). As folhas e
caule foram usados por tribos indigenas do México e América Central para o tratamento de

asma, catarro, reumatismo e feridas externas (Taylor 1998).

Propriedades quimicas

A composicdo quimica do Balsamo do Peru é complexa, com algumas diferencas em
relacdo ao Balsamo do Tolu (M. balsamum). Foram identificados dois hidrocarbonetos, o
estireno e estilbeno, e apenas um sesquiterpeno, d-cadineno. Outras substancias também
foram identificadas em sua composi¢do, tais como o alcool benzilico, alcool de cinamilo,
elemol, vanilina, farnesol, (+) -nerolidol e acidos benzoéico e cinamico (Boelens et al. 1982).

A resina M. pereirae é uma resina natural, obtida do tronco da arvore apds incisdes
da casca (Tanaka et al. 2004). E constituida por varias substancias, e apenas 60-70% ja foram
identificadas com precisdo atualmente. Outra substancia resinosa chamada de peruresinotanol
foi observada tanto livre quanto na forma de ésteres de acidos benzdico e cinamico, sendo

estes os principais constituintes da fragao resinosa (28%) (Costa 1994).
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Seo et al. (2012) identificaram na composi¢do quimica do 6leo essencial da resina de
M. pereirae 0 benzoato de benzilo, seguido por cinamato de benzilo, acido benzdico, e -

nerolidol (E), sendo esses 0s componentes majoritarios.

Propriedades farmacoldgicas

M. pereirae possui propriedades antissépticas, antibacterianas e antiparasitarias
(especialmente para a sarna) (Blumenthal & Klein 1995). O Balsamo do Peru tem sido
vastamente estudado como um agente alergénico em muitas areas, e as suas substancias sdo
encontradas em muitos produtos utilizados na sociedade, tais como alimentos e produtos de
higiene, como sabonetes, desodorantes, perfumes e outros. Farnesol, uma substancia que esta
presente no Balsamo do Peru, mostrou uma elevada percentagem das alergias de contato
(Schnuch et al. 2004).

De fato, M. pereirae pode causar dermatite de contato alérgica, contato urticaria,
reacdo fototoxica (Kroon 1983), reacfes de contato ndo imunoldgico (Tanaka et al. 2004,
Katsarou et al. 1999), assim como a susceptibilidade a uma reacdo imediata.

Atualmente, essa espécie é considerada um marcador de alergia em perfumes
(Hjorth1961, Larsen 1985), sendo que a presenca de muitos alérgenos em perfumes ocorre
pela possivel presenca de componentes presentes no Balsamo do Peru ou estdo intimamente
relacionados a eles (Avalos-Peralta et al. 2005).

M. pereirae é uma planta amplamente utilizada em preparacdes topicas para 0
tratamento de feridas, cicatrizacdo de enxerto de pele, Ulceras indolentes, sarna, assaduras,
hemorroidas, prurido anal, escaras, intertrigo, eczema e outros; em tonico capilar e
preparacdes anticaspa, sprays de higiene feminina e como um fixador ou fragrancia (Opdyke
1974, Carson et al.2003).

O oleo essencial e os seus constituintes apresentaram atividade larvicida contra A.
aegypti, apresentando grandes vantagens, tais como um efeito minimo de degradacao sobre o
ecossistema com pouco residuo na agua (Seo et al.2012).

Em relagdo a atividade antioxidante, estudos realizados por Lin e seus companheiros
(2009) mostraram que o Gleo essencial de M. pereirae apresentou atividade antioxidante nos

testes de inibicdo do radical livre DPPH.
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Concluséo

Apesar do crescente uso de plantas medicinais na medicina popular, é importante a
comprovacao do seu efeito farmacoldgico. Os resultados desta revisdo confirmam o grande
potencial desse género para o desenvolvimento de novos medicamentos. Contudo, é
extremamente necessaria uma investigacdo cientifica mais aprofundada das espécies do
género Myroxylon partir de seus extratos brutos, suas fracdes e Oleos essenciais com o
objetivo de utiliza-las especificadamente no tratamento de doencas que vém acometendo o

planeta.
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Tabela 1. Potencial farmacoldgico de espécies do Género Myroxylon: Myroxylon peruiferum L.f., Myroxylon balsamum (L.) Harms e Myroxylon pereirae

(Royle) Klotzsch.

Espécie Parte usada Preparacao Atividade Biol6gica Referéncias
Folhas Extrato etandlico  Atividade antimicrobiana sobre Mycobacterium Carvalho et al. 2008
tuberculosis, Mycobacterium avium e Mycobacterium
kansasii
Casca Extrato Atividade antibacteriana frente a Escherichia coli, Gongcalves et al. 2005 e
hidroalcoodlico Enterobacter aerogenes, Klebsiella pneumoniae, 2007
Providencia spp, Proteus mrabilis, Pseudomanas
aeruginosa, Staphylococus aureus e Salmonella
Typhimurium, e sensibilidade para Streptococcus
pyogenes, Shigella flexneri, Shigella sonnei,
Staphylococcus epidermidis e Staphylococcus spp.
Myroxylon Casca Extrato etanolico  Atividade antibacteriana contra Staphylococcus Matos Neto 2013
peruiferum L.f. aureus (ATCC 25923), Enterococcus faecalis (ATCC
29212), Klebsiella pneumoniae, Aeromonas caviae,
Pseudomonas aeruginosa, Vibrio parahaemolyticus, e
Escherichia coli.
Tronco da Extrato acetato de  Atividade antibidtica contra Helicobacter pylori Ohsaki et al.1999
madeira etila
Folhas Extrato aquoso Atividade antimicrobiana na formacdo do biofilme de  Trentin et al. 2011
Staphylococcus epidermidis ATCC 35984
Fruto Extrato etanolico  Inibig¢do de 100 pg/mL em atividade antimalarica in Murioz et al. 2000

vitro e dose de 1000 mg/kg em atividade in vivo em

ratos.
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Casca Oleo essencial Apresentou inibicdo frente a Leishmania amazonensis  Andrade et al. 2016
de I1Csp 162, 25 ng/mL e citotoxicidade contra células
monocamada de L6 na concentracdo de 50% (CCsp)
das células apos 24 h de tratamento de 160, 80
Folha Extrato Apresentou atividade antioxidante nos ensaios in Silva-Janior et al. 2015
metandlico e vitro.
aquoso
Espécie Parte usada Preparacéao Atividade Biologica Referéncias
Casca Extrato etandlico  Apresentaram atividades sobre bactérias resistentes, Machado et al. 2005
e fracBes hexanica especialmente, Staphylococcus aureus resistente a
e cloroférmico meticilina e Pseudomonas aeruginosa, S. epidermidis
e S. haemolyticus.
Casca Resina Potencial antifungico frente a Malassezia furfur Jeong-Hyun & Lee
(2010)
Cascae folha  Tintura mée Atividade antifungica para Chalara paradoxa e Sales et al. (2016)

Myroxylon Fusarium guttiforme

balsamum (L))

Harms Casca Fracdo hexanica  Atividade larvicida sobre o A. aegypti, com uma CLs;  Simas et al. (2004),
do extrato de 17 ppm. Atividade larvicida apresentando uma Chantraine et al. (2002).
etanolico CLsode 9,0 ppm.

Casca Extrato Atividade anticancer, demonstrando acdo citostaticae  Jankowsky (2005)
diclorometano e citocida para as linhagens celulares: melanoma,
etanolico carcinoma mamario, carcinoma mamario resistente e
carcinoma de grande célula, leucemia,
adenocarcinoma ovariano, prostatico, colorretal e de
celulas renais.
Extratos Apresentaram toxicidade sobre Artemia salina Popova et al. (2001)
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etanolico, éter de
petroleo,
Cinnamato de
benzilo, Benzoato
de benzilo e
butanol

Inibicdo do radical livre 2,2-difenil-1-picril-hidrazil Saleh et al. (2010)

Folha Oleo essencial (DPPH) nas concentragdes de 100 mg/mL, 25 mg/mL
e 5 mg/mL.
Espécie Parte usada Preparacao Atividade Biologica Referéncias
Myroxylon pereirae Resina Oleo essencial Atividade larvicida contra A. aegypti. Seo et al.2012)
(Royle) Klotzsch ]
Resina Oleo essencial ~ Atividade antioxidante nos testes de inibicdo do radical Lin et al. (2009)
livre DPPH.

Fonte: elaborada pelo autor.



81

4 EVALUATION OF THE ANTIMICROBIAL AND ANTIOXIDANT ACTIVITY OF
ISOFLAVONE 7-HYDROXY-4', 6-DIMETHOXY-ISOFLAVONE AND ESSENTIAL
OIL OF Myroxylon peruiferum L.f

ABSTRACT
This study evaluated the antibacterial, antifungal, and antioxidant effect of 7-hydroxy-4',6-dimethoxy-isoflavone
and essential oil of Myroxylon peruiferum L.f. The fractions (F'202-277) of the chloroform fraction resulting
from the extraction in 8:2 chloroform/ethyl acetate were pooled by similarity, yielding 20 mg of a whitish
material which was purified and analyzed by Nuclear Magnetic Resonance of 'H and **C. The chemical
composition of essential oil was determined by gas chromatography using mass spectrometry detector (GC-MS).
To evaluation of antimicrobial activity, the Minimum Inhibitory Concentration (MIC), Minimum Bactericidal
Concentration (MBC) and Minimum Fungicidal Concentration (MFC) ware determinated. In addition, for
analysis of antioxidant activity, DPPH radical scavenging tests, iron chelating assay (FIC), antioxidant reducing
power assay (FRAP) and B-carotene bleaching assay (BCB) were performed. The compound was identified as 7-
hydroxy-4', 6-dimethoxy-isoflavone. For the essential oil ware identified 24 organized compounds having as the
main constituents Germacrene D (17.15%), a-pinene (14.85%) and E-caryophyllene (10.78%). The results
showed that isoflavone and essential oil showed antibacterial activity and antifungal activity against Gram-
positive bacteria and filamentous fungi but not against Gram-negative bacteria and yeasts. The isoflavone and
the essential oil also presented antioxidant activity in all the tests, mainly on inhibition of the oxidation of -
carotene test. In conclusion, isoflavone and essential oil of M. peruiferum L.f may be a potential antimicrobial

alternative against Gram-positive bacteria and dermatophyte fungi as well as a potential antioxidant.

Key words Antimicrobial activity. Antioxidant activity. Isoflavone. Essential oil. Myroxylon peruiferum L.f
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Introduction

Plants have been used for medicinal purposes since the beginning of human
civilization for prevention, treatment and cure of several diseases (De Carvalho et al., 2013).
The evolution of scientific knowledge has intensified studies with medicinal plants relating
their chemical composition to its effects, often confirming its popular use (Cavalcante et al.,
2013). In fact, several studies have investigated the presence of chemical compounds with
biological potential in plant extracts and essential oils, commonly in plants used in folk
medicine by communities (Guimaraes et al., 2014).

Studies of novel products of plant origin with antimicrobial activity have increasing
interest, since emergence of resistant bacteria and fungi to conventional antimicrobials agents,
aggravating this problem of global public health (Silva et al., 2012). Thus, extracts or
compounds isolated from plant species used in folk medicine can be promising sources for the
investigation of new antimicrobial agents (Al-Fatimi et al., 2007).

Myroxylon peruiferum L.f. belongs to the Fabaceae family, popularly known as
“cabritiva” or “balsamo”. It is a deciduous plant, heliophytic, having about 10 to 20 meters of
height. Their leaves are composed of pinnacles, occurring almost throughout the country.
Their wood is suitable for furnitures, claddings and civil constructions because of its high
resistance to rot (Lorenzi 1998).

Regarding popular knowledge, Lorenzi and Matos (2002) report the use of leaves,
fruits and resin of M. peruiferum L.f. like ideal for fighting wounds and ulcers. According
Lorenzi and Matos (2008), leaves, fruits and resin can be used for treating asthma,
rheumatism, phlegm, external wounds, headache, torticollis and tuberculosis. Franca et al.
(2008), in an extensive consultation on medicinal literature, states that Myroxylon toluifera
resin is used to treat coughing caused by bronchitis. Santos et al. (1988) describes that
Myroxylon balsamum (L.) Harms, popularly known as "Béalsamo-to-tolu"”, is an effective
antiseptic of the urinary tract.

Thus, the aim of this study was to describe the isolation the isoflavone and define the
chemical composition of the essential oil from the leaves of Myroxylon peruiferum L.f. In
addition, evaluate the antimicrobial and antioxidant activities of isolated compounds and

essential oil.
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Material and methods

Plant material

Leaves and stem (1000 g) of Myroxylon peruiferum L.f were collected in July 2016 at the
Uruburetama massif, located in the Soledade district of Itapagé, under coordinates 03°37'86" S
and 39°35'33" W, located around 800 m above sea level. The plant authentication was
performed by Professor E. B. Souza and a voucher specimen (N. 19240) has been deposited at
the herbarium Francisco José de Abreu Matos of the University Acaral Valley (Sobral,
Brazil).

Extraction and analysis of the chemical compound

The stem (1000 g), dried at room temperature, was triturated and subjected to cold extraction
with ethanol for three days. The obtained solution was distilled under reduced pressure
resulting in 105.52 g of the ethanolic extract. Then, the ethanol extract was adsorbed onto
silica gel and subjected to the chromatographic column using increasing eluents: hexane
(100%), chloroform (100%), ethyl acetate (100%) and methanol (100%). The obtained
fractions were distilled under reduced pressure and provide the following fractions: hexane
(1.12 g), chloroform (19.59 g), ethyl acetate (17.46 g) and methanol (18.23 g).

The chloroform fraction was subjected to silica gel column chromatography using
the eluents in increasing order of polarity.: hexane (100%), hexane/chloroform (9:1, 8:2, 7:3,
6:4, 1:1, 4:6, 3:7, 2:8, 1:9), chloroform (100%), chloroform/AcoEt (9:1, 8:2, 7:3, 6:4, 1:1, 4:6,
3.7, 2:8, 1:9), AcoEt/methanol (9:1, 8:2, 7:3, 6:4, 1:1, 4:6, 3:7, 2:8, 1:9) and methanol
(100%), resulting in 499 fractions with 5 mL each. Fractions were analyzed by thin layer
chromatography (TLC).

The chloroform fraction was subjected to column chromatography using the eluents
in increasing order of polarity resulted in 499 fractions. Fractions (F’202-277), resulted from
extraction in chloroform/ethyl acetate 8:2, were grouped by similarity, yielding an off-white
material of 20 mg that was purified and analyzed.

The single and two-dimensional *H and *C Nuclear Magnetic Resonance (NMR)
spectroscopic data required for the structural determination of the isolated constituents were
obtained at the Northeastern Center for the Application and Use of Nuclear Magnetic
Resonance, Federal University of Ceara. Single and two-dimensional Nuclear Magnetic
Resonance spectra were obtained by Bruker DRX-300 and DPX-500 (*H: 300 e 500 MHz;
13C: 75 e 125 MHz) spectrometers using deuterated solvents and TMS as the internal

standard.
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Extraction and analysis of essential oil

From the leaves, the essential oil was extracted by the hydrodistillation method using the
Clevenger type apparatus for 2 hours. At the end of the extraction, the oil volume was
measured and stored in an amber glass recipient with under refrigerated conditioning for
analysis. The chemical composition of the essential oil was determined by gas
chromatographic analysis using a mass spectrometry detector (GC-MS), model QP-2010. It
was used a silica capillary column with 30 m in length, 0.25 mm ef i.d, 0.25 pum film and
helium gas with a linear velocity of 1 mL/min, 250°C injector, 250°C interface and 250°C
detector. The initial temperature was 35°C to 180°C at 4°C per minute, then 180°C to 280°C

at 17°C per minute, electron impact of 70 eV.

Microorganisms

In this study the following strains were used: the bacteria Staphylococcus aureus ATCC
25923, Staphylococcus epidermidis ATCC 12228, Escherichia coli ATCC 11303, and
Pseudomonas aeruginosa ATCC 10145; the yeasts: Candida albicans ATCC 90028, Candida
tropicalis LABMIC 0110, Candida parapsilosis LABMIC 0123, and Candida krusei
LABMIC 0124; and the dermatophytic fungi: Trichophyton rubrum 0207, Trichophyton
rubrum 0208, Trichophyton rubrum 0209, and Trichophyton rubrum 0210.

Culture conditions

Bacteria were grown in Tryptone Soy Agar (TSA; Himedia, India) and incubated at 37°C for
24 hours. After growth, an isolated colony was removed and inoculated into 5 mL of Tryptic
Soy Broth (TSB; Himedia, India) and incubated at 37°C for 18 hours. Then, the bacterial cells
concentration of each inoculum was adjusted to 2x10° cells/mL by turbidimetry (620 nm) and
calibration curves previously determined for each bacterium. Fragments of Trichophyton
rubrum and Candida spp. were transferred to tubes containing 9 mL of saline to obtain a
turbidity equivalent to standard 5 x 10* mL™ or 0.5 McFarland scale. The suspensions were
diluted to 1:2 for Candida spp. and 1:5 for T. rubrum, both with RPMI 1640 medium with L-
glutamine, without sodium bicarbonate (Sigma Chemical Co., St. Louis, Mo.), buffered to pH
7.0 with 0.165 M morpholinepropanesulfonic acid (MOPS) (Sigma Chemical Co., St. Louis,
Mo.), to obtain inoculum concentrations of approximately 2.5 — 5 x 10° CFU/mL for Candida
spp. and 5 x 10* CFU/mL for T. rubrum.
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Minimal Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC)

The antibacterial effect of compound isolated and the essential oil was determined by the
broth microdilution method according to the guidelines from the National Committee for
Clinical Laboratory Standards, M7-A6 (NCCLS 2003), with some modifications. Earlier, the
compound was diluted to 10 mg/mL in TSB medium containing 4% DMSO and 10%
essential oil was diluted in TSB medium containing 10% Tween 20. The concentrations of the
compound were used in a ranged from 5 to 0.07 mg/mL and the essential oil from 5.0% to
0.07%. The substances were added (100 puL) with bacterial suspensions previously adjusted (2
x 10° cells/mL). The plates were then incubated at 37°C for 24 hours. The minimum
inhibitory concentration (MIC) was considered the lower dilution of the compound that does
not show visible bacterial growth. For Minimum Bactericidal Concentration (MBC), 10 puL of
wells that having no visible microbial growth were inoculated onto Petri dishes with TSA
medium. MBC was considered as the lower concentration capable of completely inhibiting

microbial growth in plaques.

Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration
(MFC)

The minimum inhibitory concentration was determined by the method described by Clinical
and Laboratory Standards Institute-CLSI (CLSI M27-A2 2008), while the minimum
fungicidal concentration (CFM) was according to Fontenelle et al. (2007). The compound and
the essential oil were prepared in DMSO and mineral oil, respectively. 100 pL of sterile
RPMI 1640 was inoculated into each well of the microdilution plate followed by 100 pL of
sample added to the first microwell column and serially diluted until column 11; the
concentration range was of 5 to 0.009 mg/mL. Subsequently, 100 pL of the inoculum was
added to all wells making a final volume of 200 pL per well. The MIC was defined by the
smallest test concentration capable of inhibiting visually fungal growth. The MFC was
defined by the lowest concentration which resulted in non-growth after 2 days for Candida
spp. and 5 days for T. rubrum spp. after transferring 100 pL solution from wells without
turbidity to agar dextrose 28 (Fontenelle et al., 2007; 2008).
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Antioxidant Activity

Determination of DPPH radical scavenging activity

The ability of the compound and the essential oil to scavenge the radicals DPPH was
measured according to Duan et al. (2006). Test samples consisted of a methanolic solution
containing 0.16 mM DPPH added to different concentrations of the isoflavone (400 to 6.25
pug/mL) and the essential oil (2.5 to 7.8%). The control was DPPH solution without sample,
and the blank consisted of sample without DPPH solution. Samples, controls and blanks were
incubated in the dark at 25°C for 30 minutes and the optical density was measured at 517 nm
using a microplate reader (Biochrom Asys UVM 340). Ascorbic acid was used as a positive
control. The percentage of the DPPH radical scavenging effect was calculated by the

following equation:

(O'Dsamnle o O'Dblank)
DPPH scavenging (%) 1- x 100%
O0.D

control

Iron chelating activity (FIC)

The iron ion chelating activity assay was performed according to Wang et al. (2009). The
samples were prepared using deionized water to obtain concentrations equals to previous test
where 2 mM iron chloride (FeCl,) and 5 mM ferrozine were added. Blank and control were
prepared with distilled water replacing ferrozine and samples, respectively. Samples were
incubated at 25°C for 10 minutes and the optical density was measured at 562 nm using a
microplate reader (Biochrom Asys UVM 340). EDTA (ethylenediamine tetraacetic acid) was

used as a positive control. The FIC activity was calculated by the following equation:

[O'Dcontrol N (O'Dsample B O.Dblank)] x 100 %

0.D

"~ control

Iron chelating activity (%) =

Iron reduction method (FRAP)

The antioxidant capacity of iron reduction of the sample was determined according to the
method described by Ganesan et al. (2008). Initially, the isoflavone at concentrations ranging
from 400 to 6.25 pg/mL and the essential oil from 2.5 to 7.8% were mixed with 0.2 M sodium
phosphate buffer (pH 6.6) and 1% potassium ferricyanide. Samples were incubated at 50°C
for 20 minutes. After cooling, 10% trichloroacetic acid was added. An aliquot was mixed with
0.1% iron hydrochloride (FeCls) and distilled water. After 10 minutes, the optical density of

this mixed was measured at 700 nm using a microplate reader (Biochrom Asys UVM 340).
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Butylhydroxyanisole (BHA) was used as a positive control. Higher the optical density, greater
the compound's ability to reduce iron.

Oxidation inhibition with g-carotene and linoleic acid (BCB)

The ability of the compound and the essential oil to inhibit the oxidation of -carotene and
linoleic acid was determined by a combination of the methods described by Chew et al.
(2008) and Dhongade and Chandewar (2013). In brief, the reagent for this assay consists of 3
mL of 0.1 mg/mL f-carotene dissolved in chloroform, 40 mg linoleic acid and 400 mg Tween
40. The chloroform was evaporated using a rotary evaporator and then ultra-pure water (Milli-
Q) was added to the solution. The samples were adjusted to the same concentrations as before.
The optical density of the solutions was initially measured at 470 nm using a microplate
reader (Biochrom Asys UVM 340), then again after 3 hours of incubation at 50°C. BHA was
used as a positive control for this assay. The antioxidant activity was calculated by the
following equation:

.. .. O'Dﬁnal
Antioxidant activity (%) = O— x 100 %
.D

initinl

Statistical analysis

For the antioxidant assays, the percent values obtained in the DPPH, FIC and BCB assay for
each of the concentrations tested were converted to absolute values, submitted to angular
transformation and compared by Student's t-test for independent values. The optical density
values obtained in the FRAP test were also analyzed using Student's t-test for independent

values. Values of p < 0.05 were considered statistically significant.
Results and Discussion

RMN *3C spectra showed 17 carbons signals, being two signals of methoxy groups. The
isolated compound of the species was identified as 7-hydroxy-4', 6-dimethoxy-isoflavone
whose RMN *H, RMN 3C spectral data are according to literature values (Figure 14). This
compound was isolated by Jha, Zilliken and Breitmaier (1980), from the desoxybenzoin
obtained by condensation of phenols with derivatives of arylacetic acids or aliphatic acids.
Fernandes et al. (2009) isolated the isoflavone from suspension cell cultures and callus of

Dipteryx odorata, popularly known as afrormosin or castanin.
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Figure 14: Chemical structure of the 7-hydroxy-4', 6-dimethoxy-isoflavone isolated from the ethanol extract of

Myroxylon peruiferum L.f bark.

Fonte: elaborada pelo autor.

The essential oil yield was 2.0% (w/w) dry weight. The chemical composition of the
volatile constituents of the essential oil of M. peruiferum L.f (EOMP) and their respective
percentages are set out in Table 2. The results of gas chromatography coupled to mass
spectrometry (CG/MS) showed the identification and quantification of 24 compounds
organized by elution order in column DB-5 corresponding to 85.50% of the chemical
composition of the oil, having the Germacrene D (17.15 %), a-pinene (14.85 %) and E-
caryophyllene (10.78 %) as the main.

Studies of chemical composition and biological activity of EOMP are scarce. The
literature presents as their main components (E) and (Z)-nerolidol, a-bisabolol and (E, E)-
farnesol (Wanner et al., 2010), but these compounds were not identified in the present study.

The study of the chemical composition of M. peruiferum L.f showed a predominantly
presence of nerolidol and a variety of flavonoids being reported for the first time in the
literature (Maranduba et al., 1979). Through the chemical analysis of the essential oil of bark
and of the essential oil of trunk of M. peruiferum L.f several phenolic substances were found.
Furthermore, in its resinous fraction were found monoterpenoids, sesquiterpenoids,
phenylpropanoids, alcohols and phenylpropanoids derivatives (Akisue 1971; 1972a; 1972b,
Oliveira et al., 1978, Maranduba et al., 1979).

Variations in the chemical composition of essential oils, secondary metabolism
products of plant, occur due to changes in abiotic factors as the geographic location of the
plant, season and even time of day when the plants are exposed (Dudareva et al., 2004,
Gobbo-Neto and Lopes, 2007).
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Substances like 3',4',7-trimethyl isoflavones, 6-hydroxy-4',7-methoxy-isoflavone and
germacrene D isolated of M. peruiferum leaves show antimicrobial activity against
Mycobacterium tuberculosis, Mycobacterium avium and Mycobacterium kansasii (Carvalho
et al., 2008). Lattanzio et al. (2007) isolated three substances from M. peruiferum stem; these
were luteolin, cabreuvine and an isoflavone, described for the first time in the literature.

The results of the antibacterial activity (Table 3) showed that isoflavone was able to
inhibit the bacterial growth of Staphylococcus aureus ATCC 25923 and Staphylococcus
epidermidis ATCC 12228 with MIC values of 2000 ug/mL for both strains. OEMP showed
MIC at 2.5% and MBC at 5.0% against S. aureus ATCC 25923 and MIC at 5.0% against S.
epidermidis ATCC 12228, however, without MBC. The isoflavone and OEMP have not
shown activity against Escherichia coli ATCC 11303 and Pseudomonas aeruginosa ATCC
10145.

Corroborating with our study, Gongalves et al. (2005) reported that M. peruiferum
L.f ethanol extract showed activity against Escherichia coli, Enterobacter aerogenes,
Klebsiella pneumoniae, Providencia spp., Proteus mirabilis, Pseudomonas aeruginosa,
Staphylococcus aureus, Salmonella typhimurium, Streptococcus pyogenes, Shigella flexneri
and Shigella sonnei; all microorganisms obtained from clinical infections.

Matos Neto (2013) describes that the ethanol extract from M. peruiferum L.f bark has
antimicrobial activity against strains of Staphylococcus aureus ATCC 25923, Enterococcus
faecalis ATCC 29212, Klebsiella pneumoniae, Aeromonas caviae, Pseudomonas aeruginosa,
Vibrio parahaemolyticus and Escherichia coli, all pathogenic microorganisms contaminants
of foods.

The isoflavone isolated from the ethyl acetate extract, the most predominant
compound of the species, shows a proven antibiotic activity against Helicobacter pylori
(Ohsaki et al., 1999).

The ethanolic extract as well as the hexanic and chloroform fractions of the shell of
M. balsamum showed activities against resistant bacteria, especially S. aureus resistant to
methicillin and P. aeruginosa isolated from hospital infections, revealing their medicinal use.
The bioassay with the extract identified the isoliquiritigenin calzone, an antimicrobial
compound that has potential against S. aureus, S. epidermidis and S. haemolyticus (Machado
et al., 2005).

Gram-positive bacteria were more susceptible to the action of isoflavone and EOMP
than Gram-negative bacteria because their cell wall is composed of an external membrane,

constituting a second lipid bilayer.
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The results in the antifungal assays showed MIC and MFC values for the isoflavone
of 156 and 312 pg/mL against T. rubrum LABMIC 0207; 312 and 625 pg/mL against T.
rubrum LABMIC 0208; 625 and 1250 pg/mL against T. rubrum LABMIC 0209; and 1250
and 2500 pg/mL against T. rubrum LABMIC 0210, respectively. The EOM showed MIC and
MFC on T. rubrum LABMIC 0207, T. rubrum LABMIC 0208 and T. rubrum LABMIC 0209
at concentrations ranging from 5000 to 1250 pg/mL (Table 3). It was observed that the EOMP
did not present inhibition effectiveness against the yeast strains tested.

The isoflavonoids acquired considerable importance for exhibiting diverse biological
activities like antioxidant, antifungal, bactericidal, anti-inflammatory, estrogenic and
contraceptive (Jang et al., 2003). Furthermore, essential oils have been described for their
antibacterial and antifungal properties, whose use may represent an advance against resistance
mechanisms that inactivate standard antifungal (Castro 2010; Saad et al., 2010; Tempone et
al., 2008). Thus, the discovery of natural products with antibacterial and antifungal activity
may represent a new therapy through the production of phytotherapics (Khan et al., 2012;
Mendes 2011; Silva et al., 2009).

Antimicrobial studies of isolated isoflavone are rarely found in literature. The
isoflavone 6,7,4'-trinydroxy-isoflavone showed antibacterial activity against Bacillus cereus
ATCC 11778, Listeria monocytogenes ATCC 7644, Staphylococcus aureus ATCC 29213,
Staphylococcus epidermidis ATCC 12228 and Streptococcus pyogenes ATCC 19615 at
concentrations of 32, 128, 16, 32 and 64 ug/ml (Hummelova et al., 2014).

The formononetine (7-hydroxy, 4'methoxy-isoflavone) has several pharmacological
properties such as antimicrobial, healing potential, anti-lipid effect, antioxidant,
hyperlipidemic, cardio-protective activity, antitumor, antidiabetic and neuroprotective activity
(Vishnuvathan et al., 2016).

Zhu (2014) showed that formononetine has antifungal effects for Candida albicans
Y0109 and C. albicans SC5314 with MIC values of 8 pg/mL. Li et al. (1990) isolated
isoflavone from tobacco roots and demonstrated antibacterial effect (over 90% inhibition)
against Proteus vulgaris, Staphylococcus aureus, Escherichia coli and Bacillus subtilis.

The EOMP showed MIC and MFC of 1.25 and 2.5 pL/mL for C. albicans URM-
6543 and C. tropicalis URM-6741, 1.25 uL/mL for MIC and MFC for C. glabrata URM-
6393 and 0.625 and 1.25 pL/mL for C. krusei URM-6391 and C. parapsilosis URM- 6557
(Costa et al., 2017).
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Several studies have evaluated the antibacterial and antifungal activity and reported
different types of action mechanisms owing to large variety in the chemical composition of
essential oils (Burt 2004; Di Pasqua et al., 2010; Greay and Hammer, 2011; Qiu et al., 2011).

Certain authors consider the lipophilicity of the constituents of essential oils as a
property that explains the antimicrobial activity, which allows bacterial inhibition through the
permeability and depolarization of the cytoplasmic membrane. With the permeability of
membrane, increase the proton evasion of cells and the modification of electrical potential of
the membrane, indications of membrane damage and consequently cell death (Cowan et al.,
2011; Ruaetal., 2011).

Regarding antioxidant activity, in the DPPH scavenging assay (Figures 15A and
16A), the isoflavone and the EOMP showed antioxidant activities at all concentrations tested
with percentages of approximately 60%. The ascorbic acid (positive control) presented
significantly higher values than the samples in all concentrations tested, with percentage
values of 70-100%. The ability to bind to metal ions, specifically to the iron ion (Figures 15B
and 16B.), the compound showed dose-dependent chelating action with percentages of 10-
20% in the concentrations of 6.25 to 400 pg/mL, while the EOMP showed a percentage of 40-
100% in concentrations of 0.078 to 2.5%. The positive control (EDTA) showed values
significantly from 10 to 100% when compared to compound and essential oil.

The samples were also tested for their ability to reduce Fe** to Fe®*. The results
obtained showed that the optical density remained stable at the concentrations of isoflavone;
but the optical density increased in accordance with the concentrations for the EOMP when
compared to the positive control (BHA) (Figures 15C and 16C).

Finally, it was evaluated the ability of the samples to inhibit 3-carotene oxidation.
Both the essential oil and the isoflavone showed a high oxidizing activity in up to 60 hours of
storage varying from 80 to 100% and inhibiting B-carotene oxidation in values close to these
found in the positive control (BHA) (Figures 15D and 16D).

In this study, we have isolated the compound 7-hydroxy-4', 6-dimethoxy-isoflavone
and described the chemical composition of essential oil of M. peruiferum L.f. Furthermore,
the isoflavone and essential oil exhibits antifungal e antibacterial, mainly on Gram-positive
bacteria and dermatophytes fungi. Moreover, in the antioxidant assays the samples showed a
potential antioxidant action in different trial. Thus, the essential oil and the isoflavone isolated
of M. peruiferum can be considered as potential antimicrobial agents against infections and
contaminations caused by bacteria and fungus. In addition, they can be used against oxidative

stress present in infections by these microorganisms.
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Table 2 - Chemical composition of the leaves of the essential oil from Myroxylon peruiferum L.f (EOMP).

Constituintes IK %
2E-hexenol 862 0.4
a-tujeno 930 1.5
a-pinene 939 14.8
B-pinene 979 4.8
Mirceno 990 0.1
0-2-carene 1002 0.5
B-felandren 1029 5.8
Limonene 1029 2.9
y--terpinene 1059 0.1
Terpinolene 1088 0.1
4-terpineol 1177 2.6
Nerol 1229 0.3
a-copaene 1376 1.5
E- caryophyllene 1419 10.8
y-elemene 1436 6.5
Germacrene D 1485 17.1
d-cadinene 1522 0.3
d -cadinene 1523 2.0
a-humulene 1554 3.4
Germacrene B 1561 3.5
Espatulenol 1578 1.8
Oxide caryophyllene 1583 1.1
Ledol 1602 0.3
a-cadinol 1654 0.3
Total 85.5

Fonte: elaborada pelo autor.



Table 3. Inhibition of planktonic growth of Gram-negative and Gram-positive bacteria and filamentous and yeasts fungi.

MICRORGANISMS ISOFLAVONE ESSENTIAL OIL
BACTERIA MIC (pg/mL) MBC (pg/mL) MIC (%) MBC (%)
Staphylococcus aureus ATCC 25923 2000 N.I 2.5 5.0
Staphylococcus epidermidis ATCC 12228 2000 N.I 5.0 N.I
Escherichia coli ATCC 11303 N.I N.I N.I N.I
Pseudomonas aeruginosa ATCC 10145 N.I N.I N.I N.I
FUNGI MIC (ug/mL) MFC (ug/mL) MIC (%) MFC (%)
Trichophyton rubrum LABMIC 0207 156 312 1.25 2.5
Trichophyton rubrum LABMIC 0208 312 625 2.5 5.0
Trichophyton rubrum LABMIC 0209 625 1250 2.5 5.0
Trichophyton rubrum LABMIC 0210 1250 2500 N.I N.I
Candida albicans ATCC 90028 N.I N.I N.I N.I
Candida tropicalis LABMIC 0110 N.I N.I N.I N.I
Candida parapsilosis LABMIC 0123 N.I N.I N.I N.I
Candida krusei LABMIC 0124 N.1 N.1 N.1 N.1

LABMIC- Microbiology Laboratory. ATCC- American Type Culture Collection. Fonte: elaborada pelo autor.
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Figure 15. Antioxidant activity of the isoflavone from Myroxylon peruiferum L.f
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Figure 16. Antioxidant activity of the essential oil from Myroxylon peruiferum L.f

100

A B c
1009 . — — — ;
100%7 = = pm e - =10 15
80%- x =
80% * *
. . N % al 60%- E 10-
60% o
40% & R x
40% Q %
20% o 051
20% =
0%+ T T T T T T T T Q/\Q) \(;_)b {b'\, bﬂﬁo 0.0-
o & 2 R & qu o : Q- o 2 & N & ,{/o qu
KO I N OO S G LN
D
100% = & % F i
X - X x ; * x
80% [ S &
. s
60%
* *
40%- T
*
1 ﬂﬂ ﬂ ”
0% T T T T T T T T T T T T T T T T T T T T T T T T T T
@ Lo P qP @ Lo PP qP @ Lo PP e
1H 3H 60H
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* Statistically significant in relation to the negative positive, when p< 0.05. Fonte: elaborada pelo autor.
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5 AVALIACAO DA ATIVIDADE ANTIMICROBIANA E ANTIBIOFILME DO
TRITERPENO ISOLADO DO EXTRATO ETANOLICO DE FOLHAS DE Combretum
leprosum E SEU EFEITO SINERGICO COM 0OS ANTIBIOTICOS AMPICILINA E
TETRACICLINA

RESUMO
A resisténcia aos antibiéticos em bactérias geralmente é um fendmeno natural para adaptacao
a agentes antimicrobianos. Na literatura, pesquisas tém mostrado o potencial antibacteriano de
espécies do género Combretum. C. leprosum € uma planta arbustiva e que apresenta em sua
constituicdo o composto bioativo 3B-6B-16B-trihidroxilup-20(29)-eno (CLF1), capaz de
promover atividades antibiofilme e antibacteriana. Deste modo, o objetivo do trabalho foi
avaliar o efeito antibacteriano, antibiofilme ¢ sinergismo do triterpeno 3P,60,16p3-
trihidroxilup-20(29)-eno com antibidticos comuns no mercado, isolado das folhas de C.
leprosum. A Concentracdo Inibitéria Minima e a Concentracdo Bactericida Minima foram
determinadas pelo método de microdiluicdo em caldo. A atividade moduladora foi avaliada
pelo método de checkerboard com a interacdo das drogas comerciais, ampicilina e
tetraciclina. Ja a formacéo do biofilme foi avaliada através da quantificacdo de biomassa pelo
método de coloracdo com cristal de violeta e enumeracdo de células viaveis, enquando que a
atividade metabolica foi analisada pelo método XTT. As espécies bacterianas tiveram o seu
crescimento plancténico comprometido por CLF1 numa concentragdo inibitoria de 1,9 pg/mL
e numa concentracdo bactericida entre 3,9 a 15,6 pg/mL. O triterpeno mostrou uma reducéo
progressiva tanto na biomassa produzida pelos biofilmes quanto ao numero de células viaveis.
O CLF1 apresentou efeito sinérgico com ampicilina para S. aureus ATCC 25923, S. aureus
ATCC 700698 e S. epidermidis ATCC 35984 e S. epidermidis ATCC 12228 e com tetracilina
para S. aureus ATCC 25923, S. aureus ATCC 700698 e S. epidermidis ATCC 35984, ja para
S. epidermidis ATCC 12228 apresentou efeito antagdnico. Em relacdo ao método XTT, as
estirpes S. aureus ATCC 25923 e S. aureus ATCC 700698 apresentaram maiores reducdes
metabdlicas do que S. epidermidis ATCC 12228 e S. epidermidis ATCC 35984. Deste modo,
podemos considerar que o triterpeno 3[3,6p,16B-trihidroxilup-20(29)-eno apresentou agéo
antibacteriana, antibiofilme e sinergismo. Com base nos resultados obtidos, o CLF1 pode ser
considerado promissor no desenvolvimento de novos farmacos na prevengdo de infeccdes

associadas a bactérias Gram-positivas.

Palavras chaves: Combretum leprosum, triterpeno, sinergismo, biofilmes.
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ABSTRACT
Resistance to antibiotics in bacteria is often a natural phenomenon for adaptation to
antimicrobial agents. In the literature, research has shown the antibacterial potential of species
of the genus Combretum. Combretum leprosum which is a shrubby plant and has the bioactive
compound 3B-6B-16p-trihydroxylup-20(29)-eno (CLF1), capable of promote antibiofilm and
antibacterial activities. Thus, the objective of the present study was to evaluate the
antibacterial, antibiofilm and synergism effect of triterpene 3B, 6B, 16p-trihydroxyilup-
20(29)-ene with commercially available. The Minimum Inhibitory Concentration and
Minimum Bactericidal Concentration were determined by broth microdilution method. The
modulating activity was evaluated by the checkerboard method with the interaction of
commercial drugs, ampicillin and tetracycline. The biofilm formation was evaluated through
the quantification of biomass by the crystal violet staining (CV) and enumeration of viable
cells (CFU), whereas the metabolic activity was analyzed by the XTT method. The bacterial
species had their planktonic growth compromised by CLF1 at an inhibitory concentration of
1.9 ng/mL and at a bactericidal concentration of 3.9 to 15.6 pg/mL. The triterpene showed a
progressive reduction in both the biomass produced by biofilms and the number of viable
cells. CLF1 showed synergistic effect with ampicillin for S. aureus ATCC 25923, S. aureus
ATCC 70069, S. epidermidis ATCC 35984 and S. epidermidis ATCC 12228 and with
tetracylin for S. aureus ATCC 25923, S. aureus ATCC 700698 and S. epidermidis ATCC
35984, whereas for S. epidermidis ATCC 12228 presented antagonistic effect. In relation to
the XTT method, strains S. aureus ATCC 25923 and S. aureus ATCC 700698 showed higher
metabolic reductions than S. epidermidis ATCC 12228 and S. epidermidis ATCC 35984.
Thus, we can consider that triterpene 3f, 6P, 16B -trihidroxilup-20(29)-eno showed
antibacterial, antibiofilm and synergism action. Based on the results obtained, CLF1 may be
considered a promising in the development of new drugs in the prevention of infections

associated with gram-positive bacteria.

Keywords: Combretum leprosum. Triterpene. Synergism. Biofilms.

Introducéo

A resisténcia aos antibioticos em bactérias geralmente € um fendmeno natural para
adaptacdo a agentes antimicrobianos. Uma vez que as bactérias se tornam resistentes a algum
antibidtico, elas passam essa caracteristica para sua progénie através de transferéncia

horizontal ou vertical. O uso indiscriminado e irracional de antibidticos nos dias de hoje levou



103

a evolucdo de novas estirpes resistentes de bactérias que sdo um pouco mais letais em
comparacdo com a cepa parental (CHANDRA et al., 2017).

Nas ultimas décadas, os estudos sobre as comunidades microbianas tém chamado a
atencdo para a analise das complexas interagdes que surgem entre microrganismos da mesma
espécie e espécies distintas durante a formacdo de comunidades microbianas elaboradas
denominadas biofilmes (PARROT et al., 2016). Biofilmes sdo comunidades microbianas
caracterizadas por células aderidas a um substrato abiotico ou bidtico e incrustadas numa
matriz de substancias poliméricas extracelulares (SPE), produzida pelos proprios
microrganismos (HURLOW et al., 2015).

Além de auxiliar os microrganismos em sua adeséo, a matriz é capaz de conferir-lhes
maior resisténcia, provendo-lhes mecanismos adicionais de adaptacdo a fatores de estresse
(presenca de antibioticos, desenvolvimento da resposta imunolégica do hospedeiro e a
dessecagdo da comunidade microbiana) (PAUL; JEFFREY, 1985; STOODLEY et al., 2002;
BEECH; SUNNER; HIRAOKA, 2005; FLEMMING; WINGENDER, 2010).

O uso de produtos naturais para propriedades medicinais € um mercado cada vez
maior e, atualmente, bilhGes de pessoas em paises em desenvolvimento do mundo estdo
utilizando plantas medicinais e outros produtos naturais como meio de tratamento de doencas
infecciosas. (VUUREN; HOLL, 2017).

Combretum leprosum Mart. é uma planta arbustiva localizada nas regides Norte e
Nordeste do Brasil, conhecida popularmente de “mufumbo” ou “cipoaba”. Representante da
familia Combretaceae sdo compostas por 18 géneros, sendo os de maiores representatividades
0 género Combretum, com certa de 370 espécies, (MCGAW et al., 2001; KATERERE et al.,
2003). Usada na medicina popular como expectorante, sedativo, cicatrizante, agente anti-
hemorragico e antimicrobiano (LIRA et al., 2002; NUNES et al., 2009).

Facundo et al. (1993) isolaram e caracterizaram o metabdlito secundario 3f3,6,16p-
trihidroxilup-20(29)-eno obtido das flores de C. leprosum como sendo um triterpeno
pentaciclico da classe dos lupanos. Extratos e compostos isolados a partir de C. leprosum tém
demonstrado atividades antinociceptiva, antiulcerogénica, anticancerigena, antimicrobiana,
leishmanicida e cicatrizante (PIETROVSKI et al., 2006; NUNES et al., 2009; VIAU et al.,
2014; EVARISTO et al., 2014; 2017; TELES et al., 2015; NASCIMENTO-NETO et al.,
2015).

Deste modo, o objetivo do trabalho foi avaliar o efeito antimicrobiano, antibiofilme e
seu efeito sinérgico com os antibioticos ampicilina e tetraciclina do triterpeno isolado do

extrato etanolico das folhas de C. leprosum.
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Materiais e Métodos
Material vegetal e isolamento de CLF1

Folhas frescas de C. leprosum foram coletadas na localidade Salgado dos Machados,
Sobral, CE. A exsicata da planta encontra-se arquivada no Herbario Prof. Francisco José de
Abreu Matos da Universidade Estadual Vale do Acarad, autenticada pelo Dr. E. B. Souza sob
0 tombo N° 4573. Para a obtencdo do metabdlito secundario 3B-6p-163-trihidroxilup-

20(209)-eno (CLF1), realizou-se as etapas previamente descritas por Evaristo et al. (2014).

Atividade antibacteriana
Microrganismos

Neste estudo foram utilizadas cepas de Staphylococcus aureus ATCC 25923,
Staphylococcus aureus ATCC 700698, Staphylococcus epidermidis ATCC 12228,
Staphylococcus epidermidis ATCC 35984, Escherichia coli ATCC 11303 e Pseudomonas
aeruginosa ATCC 10145.

Condicdes de cultivo

As bactérias foram cultivadas em Agar Triptona de Soja (TSA, Liofilchem, Italia) e
incubadas a 37 °C durante 24 horas. Ap6s o crescimento uma col6nia isolada foi removida e
inoculada em 5 mL de Caldo de Triptona de Soja (TSB; Liofilchem, Itélia) e incubada a 37 °C
por 18-24 horas. Em seguida, a concentracdo de células de cada indculo foi ajustada para 2 x
10° células/mL, através de turbidimetria (620 nm) e curvas de calibragdo previamente

determinada para cada bactéria.

Concentragdo inibitéria minima (CIM) e Concentracgéo Bactericida Minima (CBM)

O efeito do CLF1 sobre o crescimento planctonico de bactérias foi determinado pelo
método de microdiluicio em caldo, utilizando placas de poliestireno de 96 pocos.
Anteriormente ao ensaio, o composto foi solubilizado em uma emulsdo contendo TSB mais
dimeltilsulfoxido 4% originando concentragdes que variavam na placa de 31,2 a 0,45 pg/mL.
Primeiramente, foram adicionados 100 L de meio TSB contendo as varias concentracdes do
CLF1 na microplaca e em seguida adicionado 100 pL de cada um dos microrganismos
separadamente (2 x 10° células/mL). As placas foram entdo incubadas a 37 °C durante 24
horas. O crescimento dos microrganismos foi mensurado através da densidade Optica do
contedo de cada poco, a um comprimento de onda de 620 nm, usando uma leitora de

microplacas. A concentracdo inibitéria minima (CIM) foi considerada a menor dilui¢do do
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composto que ndo apresentou crescimento visivel dos microrganismos. Para determinagéo do
CBM, foram inoculados 10 pL dos pogos que ndo houve um crescimento microbiano visivel
em placas de Petri com meio TSA. Foi considerado CBM a menor concentracdo capaz de

inibir completamente o crescimento microbiano nas placas.

Sinergismo com antibiotico

O efeito do composto combinado com o antimicrobiano padrao foi determinado pela
técnica do checkerboard, sendo este método utilizado para determinar a interacdo das drogas
por meio do célculo do indice de Concentracdo Inibitéria Fracional (ICIF). O ICIF &
calculado pela adicdo da Concentracdo Inibitdria Fracional (FIC) para cada composto testado,
sendo definida como a adi¢do dos valores de CIM de cada farmaco na combinacéo e CIM do
mesmo produto sozinho (WHITE et al., 1996).

Nas solugdes foram utilizados os produtos testados nas concentragdes dos seus
respectivos valores de CIM. Inicialmente 50 pL do meio TSB foram adicionados em todos 0s
96 pocos da placa de microdiluicdo. Adicionaram-se entdo, na primeira linha 100 puL do
composto e realizado a diluicdo seriada verticalmente. Na primeira coluna foram colocados 50
puL da ampicilina e tetraciclina em diferentes concentracbes de acordo com o CIM.
Finalmente, 100 pL do in6culo foram colocados em todos os pocos. Foi utilizado como
controle negativo o meio TSB com o in6culo. As placas foram incubadas a 37 °C durante 24h.

De acordo com os resultados obtidos, os valores de ICIF < 0,5 serdo indicativos de
efeito sinérgico, valores de ICIF > 0,5 e < 1,0 serdo indicativos de efeitos aditivos e valores de
ICIF > 1,0 serdo indicativos de efeito antagbnico (LECHARTIER; HARTKOORN; COLE,
2012; ROSATO et al., 2007).

Atividade antibiofilme
Ensaio de inibicao da formac&o de biofilme e biofilmes pré-formados

O ensaio foi realizado baseado nos testes de microdiluicdo seriada, coloragdo com
cristal de violeta e unidades formadoras de coldnias em placas de polietireno de 96 pogos
segundo Stepanovic et al. (2000) com algumas modificaces de acordo com Vasconcelos et
al., (2014). A preparacgdo das placas para os testes foi similar ao procedimento usado no
ensaio de CIM. Para avaliar a acdo de CLF1 sobre biofilmes pré-formados, cada pogo da
placa de poliestireno foi preenchido com 100 pL de bactérias mais 100 uL de TSB em

suspensdo na concentragao de 2x10° UFC.mL™ e incubadas a 37°C por 24h. Apés o tempo de
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incubacdo, o sobrenadante foi removido e substituido por 200 uL de meio de CLF1 nas
diferentes concentragdes por mais 24h.

Quantificacdo da biomassa

A quantificacdo da biomassa dos biofilmes foi determinada pelo método de
coloracdo com cristal de violeta (CV). Apos as 24 horas de incubagdo as placas foram lavadas
com agua destilada esteril por trés vezes para a retirada das células planctdnicas aderidas.
Posteriormente os pogos foram preenchidos com 200 pL de metanol por 5 minutos para
fixacdo dos biofilmes. Adicionou-se, entdo, 200 pL de cristal de violeta 1% por mais 5
minutos. Em seguida, o excesso de corante foi removido e as placas lavadas com &gua
destilada. O corante remanescente foi removido com &cido acético a 33% e entdo a biomassa
foi quantificada através da medicdo da densidade Optica a 590nm (DOsgo) com o auxilio de

um leitor de microplacas (SpectraMax i3).

Enumeracéo de células viaveis dos biofilmes

Apos a formagéo dos biofilmes, os sobrenadantes foram removidos e as placas foram
lavadas trés vezes com agua destilada estéril para remocdo das células planctonicas aderidas.
Posteriormente, cada poc¢o foi preenchido com 200 pL de &gua destilada estéril e submetido
ao banho ultrassénico (Cristofoli/EQM-CF) por 5 minutos para o desprendimento das células
incrustadas nos biofilmes. O contetdo dos pocos foi retirado e diluicBes seriadas de cada
suspensdo obtida foram plaqueadas em TSA. As placas foram entdo incubadas por 24 horas a
37 °C e 0 nimero de unidades formadoras de coldnias (UFC) por unidade de &rea dos pogos

da placa de microtitulacio foram enumerados (logUFC/cm?).

Viabilidade celular da inibicdo dos biofilmes

A atividade metabdlica da inibicdo dos biofilmes na presenca e auséncia das
substancias foi determinada através da aplicacdo do corante XTT (2,3-bis-[2-methoxy-4-nitro-
5- sulfophenyl]-2H-tetrazolium-5-carboxanilide). Para tal, foram adicionados 100 puL de meio
TSB contendo as varias concentragdes do CLF1 na microplaca e em seguida adicionado 100
uL de cada um dos microrganismos separadamente (2 x 10° células/mL). As microplacas
foram entdo incubadas a 37 °C durante 24 horas. Apds este periodo, as placas foram lavadas

duas vezes com agua destilada e adicionados 200 pL de XTT e incubadas a 37 °C na auséncia
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de luz durante 3h. Apés este tempo, a absorbancia dos pogos foi mensurada a um

comprimento de onda de 490 nm utilizando espectrofotometro.

Anélise estatistica

Todos os testes foram realizados em triplicatas e com nivel de significancia p<0,01.
Para os ensaios antimicrobianos a diferenca entre as médias das triplicatas foi verificada
através da aplicacdo do teste One-way ANOVA com Bonferroni pds-teste, executados com o

auxilio do programa GraphPad Prism versdo 5.0 para Windows (San Diego, California, USA).

Resultados e Discusséo

De acordo com os dados obtidos e com base na analise comparativa dos dados de
RMN 3C registrados na literatura, a substancia isolada do extrato etandlico das folhas de C.
leprosum, tratava-se do triterpeno de esqueleto lupano de nome 3B-6B-16p-trihidroxilup-
20(29)-eno. (Figura 17)
Figura 17: 3pB-6B-16p3-trihidroxilup-20(29)-eno isolado do extrato etanolico da folha de C. leprosum.

24 OH
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Fonte: Facundo et al., (1993)

Os resultados da atividade antibacteriana estdo apresentados na tabela 4 e mostraram
que o CLF1 foi capaz de inibir o crescimento microbiano de S. aureus ATCC 25923, S.
aureus ATCC 700698, S. epidermidis ATCC 12228, S. epidermidis ATCC 35984 com
concentracdo inibitéria minima de 1,9 pg/mL. Em relacdo aos resultados de CBM, CLF1
demonstrou atividade sobre S. aureus ATCC 25923 (3,9 pg.mL™), S. aureus ATCC 700698
(15,6 pg.mL™), S. epidermidis ATCC 12228 (7,8 ug.mL™) e S. epidermidis ATCC 35984
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(15,6 pg.mL™). Em relaco as bactérias Gram-negativas E. coli ATCC 11303 e P. aeruginosa
ATCC 10145 ndo se mostraram susceptiveis a acao biologica da substancia.

A membrana exterior presente em bactérias Gram-negativas pode constituir uma
barreira fisica contra a permeabilidade de metabdlitos secundarios, inibindo assim o efeito
antimicrobiano do composto testado. Por este motivo, os demais experimentos foram
realizados apenas com as bactérias Gram-positivas.

Vale ressaltar que para a ampicilina e tetraciclina, a concentracdo de CIM e CBM de
S. aureus ATCC 700698 foi maior do que a do composto mostrando assim, que o CLF1 foi
mais eficaz do que a prdpria droga comercializada.

De acordo com Evaristo et al., (2017) o CLF1 apresentou CIM de 3,9 ug/mL e CBM
de 15,6 pg/mL para ambas as cepas de Streptococcus mutans ATCC 700610 e Streptococcus
parasanguinis ATCC 903, concentracGes maiores do que encontradas neste trabalho.

Estudo realizado por Angeh et al. (2007), com os triterpenos pentaciclicos 1a,3p-
dihidroxi-12-oleanen-29-oico,1-hidroxi-12-olean-30-oico, 3,30-dihidroxil-12-oleanen-22-ono,
1,3,24-trihidroxyl-12-olean-29-oico e¢ o 1a,3p,23-trihidroxi-12-oleanen-29-oico isolados das
folhas de C. imberbe, demostraram atividade antibacteriana sobre S. aureus ATCC 29213, P.
aeruginosa ATCC 27853, E. coli ATCC 25922 e Enterococcus faecalis ATCC 29212 com
concentragOes que variaram de 16 a >250 pg/mL.

Ja Gossan et al., (2016) isolaram um novo triterpenoide pentaciclico 28-O-f-
Dglucopiranosil-2a,3p,21,23-tetra-hidroxioleano-18-en-28-oato das raizes de C. racemosum,
exibindo atividade antibacteriana contra S. aureus, E. coli e E. faecalis (CIMs nas
concentragdes de 64 e 256 pg/mL).

O acido ursolico e seus derivados, o0 acido 3p-acetoxi-urs-12-en-28-oic e o0 acido 3p-
formiloxi-urs-12-en-28-oic apresentaram atividade antibacteriana sobre diferentes bacterianas
de Staphylococcus aureus (ATCC 12692, 12624 e 6538), Bacillus cereus ATCC 33018,
Escherichia coli (ATCC 25922 e 27), Pseudomonas aeruginosa ATCC 15442, Aeromonas
caveae ATCC 15468, Klebsiella pneumoniae ATCC 10031, Shigella flexneri ATCC 12022,
Vibrio colareae ATCC 15748 e Listeria monocytogenes ATCC 19117 com concentragdes
inibitorias mininas de 32 a >1024 pg/mL (NASCIMENTO et al., 2014).

A associacdo de agentes antimicrobianos pode ser usada para aumentar o espectro de
acao, para precaver a emergéncia de mutantes resistentes e promover o sinergismo entre duas
ou mais drogas. Quando se retrata sobre a atividade sinérgica, os resultados estdo dispostos
nas tabelas 5 e 6. O ensaio de combinacdo do CLF1 com os antibioticos padrdes ampicilina e

tetraciclina mostrou que houve uma reducdo nos valores de CIM em todas as cepas testadas e
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também dos CIMs dos antibidticos. A partir dos valores, foi possivel calcular o indice de
concentracdo inibitoria fracionaria (ICIF) na qual mostrou um efeito sinérgico para S. aureus
ATCC 25923, S. epidermidis ATCC 35984 e S. aureus ATCC 700698 e efeito antagdnico
para S. epidermidis ATCC 12228.

Wang et al., (2016) analisaram 0s triterpenos &cido oleandlico e &cido ursélico na
presenca da combinagdo com ampicilina e tetraciclina, apresentando efeito sinérgico para as
cepas de Bacillus cereus (ATCC 9139), S. aureus sensivel a meticilina (MSSA, ATCC
29213), S. aureus resistente a meticilina (MRSA, ATCC 43300) e Listeria monocytogenes
(ATCC 7644) apenas para acido ursélico com tetraciclina, e efeito indiferente para E. faecalis
(ATCC 29212).

Kurek et al., (2012) relatamram-se que o acido ursélico aumentou a susceptibilidade
de Staphylococcus aureus, Staphylococcus epidermidis e Listeria monocytogenes aos
antibidticos B-lactdmicos, ampicilina e oxacilina, mas ndo ha nenhum relaté na literatura
sobre este composto agindo sinergicamente com os antibidticos aminoglicosideos neomicina,
amicacina, canamicina e gentamicina. (NASCIMENTO et al., 2014)

A associacdo do acido ursolico e seus derivados, o acido 3p-acetoxi-urs-12-en-28-oic
e 0 é&cido 3p-formiloxi-urs-12-en-28-oic juntamente com o0s antibidticos neomicina,
amicacina, canamicina e gentamicina apresentaram atividade sinergica sobre diferentes cepas
de Staphylococcus aureus (ATCC 12692 e 6538), Bacillus cereus ATCC 33018, Escherichia
coli (ATCC 25922 e 27), Pseudomonas aeruginosa ATCC 15442, Aeromonas caveae ATCC
15468, Klebsiella pneumoniae ATCC 10031, Shigella flexneri ATCC 12022, Vibrio colareae
ATCC 15748 e Listeria monocytogenes ATCC 19117 (NASCIMENTO et al., 2014)

Como mostrado na figura 18 sobre a inibicdo da formacdo dos biofilmes, CFL1
reduziu significativamente a biomassa dos biofilmes de todas as bactérias testadas neste
estudo. As concentracdes variaram de 31,2 a 0,45 pg/mL na qual o metabolito secundario
reduziu a quantidade de biomassa a valores entre 88 a 100%. Corroborando com os resultados
da quantificacdo de biomassa, os resultados de enumeracdo de células viaveis dos biofilmes
demonstraram que o CFL1 reduziu as células bacterianas dos biofilmes de todas as espécies
entre 1 a 4,2 Log,oUFC/mL.

Em relacdo a quantificacdo de biomassa dos biofilmes pré-formados, houve reducéo
de 70 a 100% nos biofilmes de S. aureus ATCC 25923, S. epidermidis ATCC 12228 e S.
epidermidis ATCC 35984. Ja para S. aureus ATCC 700698 ndo houve reducao significativa.
Quando se refere ao nimero de células viaveis dos biofilmes, 0 composto reduziu o nimero
de UFC’s entre 0,6 a 3,3 Log;oUFC/mL. (Figura 19)
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Em relacdo ao método colorimétrico baseado no XTT, que mede a atividade
metabdlica dos biofilmes formados, as estirpes de S. aureus ATCC 25923 e S. aureus ATCC
700698 apresentaram maiores reducdes metabdlicas na presenca do CLF1 do que S.
epidermidis ATCC 12228 e S. epidermidis ATCC 35984 chegando a inibicao de quase 100 %
(Figura 20).

Este meétodo colorimétrico basea-se na reducdo do sal XTT pelas células
metabolicamente ativas e tem sido empregado para determinar o efeito das drogas sobre
células em biofilme, ja que este métoto possibilita quantificar apenas as células viaveis
(PIERCE et al., 2008; MELO et al., 2011; MAIOLO et al., 2014).

Os mecanismos de agdo com metabdlitos bioativos, flavonoides e triterpenos,
mostram que a atividade antibacteriana pode estar relacionada a danos na membrana
plasmatica, (perfuracdo e/ou reducdo na fluidez na membrana), inibicdo da sintese dos acidos
nucléicos (inibicdo da topoisomerase) e inibicdo do metabolismo energético (causado por
inibicdo da redutase e NADH-citocromo c) (CUSHNIE; LAMB, 2005; PLAPER et al., 2003;
TSUCHIYA; IINUMA, 2000; BERNARD et al., 1997; PARK; AHN; KOOK, 2015). Na
literatura, diversos relatérios tém mostrado acao inibitoria de triterpenos pentaciclicos sobre
as enzimas topoisomerases | e Il de células eucariontes (MORIARITY et al., 1998; MA et al.,
2000; WADA et al., 2001).

Evaristo et al., (2017) mostraram 0 mecanismo de agéo do triterperno CLF1 sobre a
membranda celular das bactérias plancténicas e em forma de biofilmes. Outros ensaios
realizados para determinacdo do mecanismo de acdo do acido ursolico e acido oleandlico,
mostraram que estes triterpenos podem comprometer a sintese de peptidioglicanos através da
producdo de proteinas envolvidas na parede celular, na hidrolise ou em alteracBes que
permitam diminuir a ligacdo cruzada do peptidiglicano otimizando sua desestabilizac¢do e
portanto, ocasionando um comprometimento da integridade da parede celular (KORSAK;
POPOWSKA; MARKIEWICZ, 2005; KUREK et al., 2010).

Concluséo

Com base nos dados obtidos neste trabalho, constatou-se que CLF1 apresenta
atividade antibacteriana, antibiofilme e sinergismo com os antibidticos padrbées ampicilina e
tetraciclina sobre espécies do género Staphylococcus, responsaveis pelo desenvolvimento de
patologias em humanos. Considerando-se dessa forma, como um possivel insumo
biotecnoldgico, com potencial terapéutico no tratamento de patologias associadas a biofilmes

formados por S. aureus e S. epidermidis.
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Tabela 4. Concentracdo Inibitéria Minima (MIC) e Concentracdo Bactericida Minima (CBM) do CLF1 e da

ampicilina e tetraciclina.

CLF1 (png/mL)

ANTIBIOTICO (pg/mL)

Bactérias
Tetraciclina Ampicilina

CIM CBM CIM CBM CIM CBM
S. aureus ATCC 25923 1,9 3,9 0,39 3,12 0,19 -
S. aureus ATCC 700698 1,9 15,6 50 50 25 25
S. epidermidis ATCC 1,9 15,6 0,78 12,5 1000 1000
35984
S. epidermidis ATCC 1,9 7,8 0,19 3,12 1,56 1,56
12228
E. coli ATCC 11303 - - 0,39 25 0,39 0,78

P. aeruginosa ATCC
10145

-sem CIM e/ou CBM. Fonte: elaborada pelo autor.



Tabela 5. Sinergismo do CLF1 com a ampicilina sobre as bactérias Gram- positivas

Microrganismo COMPOSTO ANTIBIOTICO EFEITO
CLF1 Ampicilina
CIM pg/mL  CIM pg/mL CIM pg/mL CIM pg/mL ICIF
(sozinho) (combinado) (sozinho) (combinado)
S. aureus ATCC 25923 1,9 0,0009 0,19 0,023 0,12 Sinergismo
S. aureus ATCC 700698 19 0,0009 25 12,5 0,50 Sinergismo
S. epidermidis ATCC 35984 1,9 0,00005 1000 250 0,25 Sinergismo
S. epidermidis ATCC 12228 19 0,003 1,56 0,39 0,25 Sinergismo
Fonte: elaborada pelo autor.
Tabela 6. Sinergismo do CLF1 com a tetraciclina sobre as bactérias Gram- positivas
Microrganismo COMPOSTO ANTIBIOTICO EFEITO
CLF1 Tetraciclina
CIM pg/mL CIM pg/mL CIM pg/mL CIM pg/mL ICIF
(sozinho) (combinado) (sozinho) (combinado)
S. aureus ATCC 25923 19 0,0004 0,39 0,19 0,48 Sinergismo
S. aureus ATCC 700698 19 0,0004 50 25 0,50 Sinergismo
S. epidermidis ATCC 19 0,0004 0,78 0,39 0,50 Sinergismo
35984
S. epidermidis ATCC 1,9 0,029 0,19 0,19 1,1 Antagonico
12228

Fonte: elaborada pelo autor.
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Figura 18- Efeito antimicrobiano do CLF1 em diferentes concentracfes sobre a formagdo da biomassa e da enumeracéo de células vidveis dos biofilmes Gram-positivas.
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Figura 19- Efeito antimicrobiano do CLF1 em diferentes concentracdes sobre a formagao da biomassa e da enumeracéo de células viaveis dos biofilmes pré-formados de

Gram-positivas.
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Figura 20. Determinacéo da atividade metabdlica da inibicao dos biofilmes. * Significativamente diferente (p

<0,01) em comparacdo com o grupo controle.
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PERSPECTIVAS

Diante das evidéncias, 0s vegetais sdo fontes de metabdlitos secundarios e 0Oleos
essenciais com utilidade em tratamento de varias patologias. Nesta perspectiva, 0 uso de
espécies do género Myroxylon na medicina popular parece apropriado, no entanto, ainda, ha
necessidade de mais estudos em modelos in vitro e in vivo que comprovem 0 uso desses
vegetais como antimicrobiano, anti-inflamatério, antiparasitario, anticancerigeno,
antioxidante e cicatrizante. Este presente trabalho constatou-se que a isoflavona 7-hidroxi-4,
6-dimetoxi-isoflavona isolada da casca assim como o Oleo essencial da folha de M.
peruiferum L.f, apresentaram atividades antibacteriana sobre bactérias Gram-positivas,
antifangica para fungos dermatéfitos e antioxidante. Ja o triterpeno 33,68,165-trihidroxilupe-
20(29)-eno, isolado das folhas de C. leprosum, tém potencial antibacteriano, antibiofilme e
efeito sinérgico com ampicilina e tetraciclina, considerando-se como um possivel insumo
biotecnologico no tratamento de patologias associadas a biofilmes formados por S. aureus e S.
epidermidis. Contudo, este estudo aponta a necessidade de novas investigacdes relativas aos
mecanismos de acdo das amostras através da microscépia eletrdnica de varredura assim como

a determinagéo da curva de morte.
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ANEXO I e Il
ESPECTROS DO COMPOSTO ISOLADO DE Myroxylon peruiferum L.f

Figura 1. Espectro de RMN' H (piridina, 500 MHz) da 7-hidroxi-6,4’-dimetoxi-
isoflavona

HO

MeO

| | | |‘ | |
_;'ll__..ﬁJ-_,'l' LJ"L__)J'.J W | AP SV - I
A I v i 214
EHESE R &) 2"
: : : : : : : :
£S5 BD 75 10 4 40 i I ns ppen

145

Figura 2. Expansdo do espectro de RMN* H (piridina, 500 MHz) da 7-hidroxi-6,4’-

dimetoxi-isoflavona
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Figura 5- Mapa de correlacdo heteronuclear-HSQC (piridina 500 MHz) da 7-hidroxi-
6,4’-dimetoxi-isoflavona
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Figura 6 - Mapa de correlacdo heteronuclear-HSQC expanséo (piridina, 500 MHz) da 7-
hidroxi-6,4’-dimetoxi-isoflavona
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Figura 7- Mapa de correlacdo heteronuclear - HMBC (piridina 500 MHz) da 7-hidroxi-
6,4’-dimetoxi-isoflavona

Figura 8 - Mapa de correlacdo heteronuclear — HMBC expanséo (piridina 500 MHz) da
7-hidroxi-6,4’-dimetoxi-isoflavona
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ESPECTROS DO OLEO ESSENCIAL DE Myroxylon peruiferum L.f

Figura 1: Espectro de massa do tolueno
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Figura 2: Espectro de massa do 2E-hexenol
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Figura 3: Espectro de massa do 1-Hexanol
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Figura 4: Espectro de massa do a-tujeno
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Figura 7: Espectro de massa do p-pineno
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Figura 8: Espectro de massa do Mirceno
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Figura 9: Espectro de massa do 6-2-careno

100 = Ah
H,C CH,
136
77 CH,
105
41
63
3 | ,||||,.||1, || 1.|.| 41 166 182 200 237 251 272382 300 316 346 362 337 401 416 444 473483
I I I

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480




152

Figura 10: Espectro de massa do limoneno
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Figura 13: Espectro de massa do 4-terpineol
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Figura 15: Espectro de massa do a-copaeno
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Figura 16: Espectro de massa do E- cariofileno
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Figura 17: Espectro de massa do y-elemeno
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Figura 19: Espectro de massa do é-cadineno
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Figura 21: Espectro de massa do Germacreno B
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Figura 22: Espectro de massa do Espatulenol
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Figura 25: Espectro de massa do a-cadinol
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ESPECTROS DO COMPOSTO ISOLADO DE Combretum leprosum

Figura 1 - Espectro de absorcdo na regido do infravermelho de CLF1
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Figura 2 - Espectro de RMN *H (500 MHz, CDCls) de CLF1
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Figura 3 - Espectro de RMN 3 C (125 MHz, CDCls) de CLF1

© o
> =
z

©
©°

| 'i/ I\\"‘:’// Y|

LU L 11

55

n ‘_

T T T T T T T T T T T T
130 120 110 100 90 ao e &0 $0 40 30 20 10

™

k= ®» @

ot =1 &

= rBe N

a o ©

- ~~ ©

e

T T T T T T T T T T T T T T T T
130 125 120 115 110 105 100 95 90 85 80O 70 5 60 55 50 20 5 Ppm




160

Figura 5 - Mapa de contorno HSQC (125 MHz, CDCI3) de CLF1
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This study aimed to characterize chemically and evaluate the cytotoxicity and antioxidant, antifungal
and modulatory activities of the essential oil of Eupatorium ballotifolium, collected in the mountainous
region of Meruoca in the state of Ceara. The antioxidant activity was investigated by the free radical 1,1-
diphenyl-2-picrylhydrazyl (DPPH) scavenging assay and B-carotene/linoleic-acid oxidation model
system. The lethality bioassay was performed using Artemia salina (brine shrimp). The evaluation of the
antifungal activity in vitro was performed by broth microdilution using strains of dermatophyte fungi
and yeasts. The modulatory activity assays were performed by the checkerboard technique using
ketoconazole as standard. Chromatographic analysis associated with mass spectrometry showed the
main constituents of E. ballotifolium essential oil were B-caryophyllene (23.59%), thymol methyl ether
(12.28%), germacrene D (6.56%) and bicyclogermacrene (6.47%). The brine shrimp lethality assay
demonstrated potential biological activity. The essential oil showed better antioxidant action by the 8-
carotene/linoleic acid assay, with IC50 value of 19.47 pg/mL for essential oil, 11.32 pg/mL for thymol and
22.83 pg/mL for carvacrol, used as test standards. The broth microdilution test demonstrated that the
essential oil inhibited fungal growth of all Trichophyton rubrum strains. In the modulation activity assay
against strains of Trichophyton rubrum, there was synergism of essential oil on the strains of
dermatophyte fungi when combined with ketoconazole.

Key words: Compositae, Lourteigia ballotaefolia, Trichophyton rubrum, antioxidant activity, antimicrobial
activity.



INTRODUCTION

The Asteraceae family contains about 10% of the world's
flora, and includes around 24,000 described species,
grouped in 1,600 to 1,700 genera distributed in 17 tribes
and 3 subfamilies (Funk et al., 2009; Petacci et al., 2012).
It is the largest family of the eudicotyledons, and together
with Calyceraceae, Campanulaceae, Menyanthaceae
and Goodeniaceae, it forms a clade, the Asterales order
(Pozner et al., 2012).

The genus Eupatorium L. (tribe Eupatorieae, subtribe
Eupatoriinae) is significant in the Asteraceae family,
comprising around 1,200 species. It is widely distributed,
especially in Europe, Asia, North America and South
America (Albuquerque et al., 2010). Brazil has around
250 native species with distribution in all geographical
regions (Souza, 2007). Eupatorium species have been
used to treat many diseases in folk medicine in various
places in the world (Albuquerque et al., 2010).

Eupatorium  ballotifolium  Kunth  (syn. Lourteigia
ballotaefolia (Kunth) R.M. King & H.Rob.) is a perennial
herbaceous species whose vertical growth ranges to 40
to 80 cm. It is an aromatic plant with few branches and
many flowers, with pubescence and pink color with
purple tones. Its leaves typically have purplish edges that
are rich in oleiferas glands. The plant spreads through
seeds (Silveira and Pessoa, 2005). It is popularly known
in Brazil by many names, such as "maria-preta”, "maria-
preta-verdadeira" and "picdo-roxo" (Cardoso et al.,
2013).

Previous studies have demonstrated that the essential
oil of the aerial parts of E. ballotifolium have
anticholinesterase activity (Albuquerque et al., 2004), and
two flavonoids were isolated from the aerial parts of the
plant, nepetin and quercetin-3-O-glucoside, both showed
antimitotic activity (Militdo et al., 2004).

The therapeutic potential of many plants used in folk
medicine has not been scientifically proved (Desoti et al.,
2011). Hence, there is a need for chemical studies of
natural products used in folk medicine to complement the
studies to develop synthetic organic chemicals (Suffredini
et al., 2006). Research of plants with antioxidant activity
contributes to the development of new therapeutic
strategies for inflammation, aging and chronic
degenerative diseases (Fabri et al.,, 2011). Likewise,
plants with potential antimicrobial activity can be a
therapeutic alternative against multiresistant
microorganisms to antimicrobial drugs (Bekele et al.,
2015).

This study describes the chemical composition of the
essential oil of Eupatorium ballotifolium (EOEB), and
reports the antioxidant and antifungal activities against
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dermatophytes and yeasts, as well as the cytotoxicity,
based on modulatory activity assays with ketoconazole.

MATERIALS AND METHODS
Plant material

The aerial parts of Eupatorium ballotifolium were collected in the
flowering period in Brazil, Ceara, municipality of Alcantaras, in the
Meruoca mountain region, in June, 2014 in a semideciduous forest
environment located around 800 m above sea level. This region is
located in the middle reaches of the Acaral River, about 250 km
from Fortaleza, the state capital. A voucher specimen (No. 3105)
was deposited in Francisco José de Abreu Matos Herbarium
(HUVA) and authenticated by Dr. Elnatan Bezerra de Souza of the
Center for Agricultural Sciences and Biological Sciences, Vale do
Acarau State University.

Isolation of essential oil

Fresh aerial parts of E. ballotifolium (680 g) were subjected to
hydrodistillation for 2 h in a modified Clevenger-type apparatus. The
oil was dried over anhydrous Na,SO, (~1 g), filtered and preserved
in a sealed vial at 4°C prior to further analysis, with a yield of 0.1%
(wiw).

Analysis of essential oil

The essential oil was analyzed using a Hewlett-Packard 5971
GC/MS instrument under the following conditions:
dimethylpolysiloxane DB-5 fused silica capillary column (30 m x
0.25 mm i.d., 0.1 pm film thickness); carrier gas: helium (1 mL/min);
injector temperature: 250°C; detector temperature 200°C; column
temperature: 35 to 180°C at 4°C/min, then 180 to 250°C at
10°C/min; and mass spectra: electronic impact 70 eV. The identity
of the components was achieved from their GC retention times
relative to known compounds, calculated by linear interpolation
relative to retention times of a series of n-alkanes and by
comparison of their mass spectra with those present in the
computer data bank (NIST) and published spectra (Adams, 2012).

In vitro antifungal assay
Fungal strains

The strains were obtained from the fungal collection of the
Specialized Medical Mycology Center (CEMM), Federal University
of Ceara, the URM Culture Collection of the Department of
Mycology, Federal University of Pernambuco, and Hospital Santa
Casa de Misericordia de Sobral. In all these collections, the strains
were maintained in saline (0.9% NacCl) at 28°C. At the time of the
analysis, an aliquot of each suspension was taken and inoculated
onto potato dextrose agar (Difco, Detroit, MI, USA), and then
incubated at 28°C for 2 to 10 days.
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A total of four strains of Trichophyton rubrum, two strains of
Candida albicans, one strain of Candida parapsilosis and one strain
of Candida tropicalis were included in this study. Candida spp.
strains were clinical isolates obtained from Hospital Santa Casa de
Misericordia de Sobral.

Preparation of inocula

For the broth microdilution method, standardized inocula (2.5 to 5 x
10° CFU mL™* for Candida spp. and 5.0 x 10* CFU mL™ for T.
rubrum) were prepared by turbidimetry. Stock inocula were
prepared on day 2 and day 10 for Candida spp. and T. rubrum,
respectively, grown on potato dextrose agar at 28°C. Sterile saline
solution (0.9%) was added to the agar slant and the cultures were
gently swabbed to dislodge the conidia from the hyphal mat and
from the blastoconidia for T. rubrum and Candida spp.,
respectively. The suspensions were diluted to 1:2000 for Candida
spp. and 1:500 for T. rubrum, both with RPMI 1640 medium
(Roswell Park Memorial Institute — 1640) with I-glutamine without
sodium bicarbonate (Sigma Chemical Co., St Louis, MO, USA), and
then buffered to pH 7.0 with 0.165 M MOPS (Sigma Chemical Co.),
to obtain inocula of 2.5 to 5 x 10° CFU mL™ and 5.0 x 10* CFU mL’
! respectively.

Broth microdilution method

The minimum inhibitory concentration (MIC) for Candida spp. was
determined by the broth microdilution method, in accordance with
the Clinical and Laboratory Standards Institute (CLSI M27-A3,
2008). The broth microdilution assay for T. rubrum was performed
as previously described (Sousa et al., 2009) based on the M38-A
document (CLSI M38-A2, 2008).

The minimum fungicidal concentrations (MFC) for both Candida
spp. and T. rubrum were determined according to the study of
Fontenelle et al (2008). The EOEB was prepared in 100% mineral
oil. Amphotericin B (AMB) and ketoconazole (Sigma, Chemical Co.,
USA) were prepared in distilled water. For the susceptibility
analysis, the essential oil samples were tested in concentrations
ranging from 0.002 to 2.5 mg/mL.

The microdilution assay was performed in 96-well microdilution
plates. Growth and sterile control wells were included for the EOEB.
The microplates were incubated at 37°C and read visually after 2
days for Candida spp. and 5 days for T. rubrum. The assay for the
essential oil was run in duplicate and repeated at least twice. The
MIC was defined as the lowest oil concentration that caused 100%
inhibition of visible fungal growth. The results were read visually as
recommended by CLSI. The MFC was determined by subculturing
100 pL of solution from wells without turbidity on potato dextrose, at
28°C. The MFCs were determined as the lowest concentration
resulting in no growth on the subculture after 2 days for Candida
spp. and 5 days for T. rubrum (Fontenelle et al., 2008).

Microdilution checkerboard assay

Assays were performed on all strains of T. rubrum according to the
checkerboard technique (Johnson, 2004; Pyun and Shin, 2006), to
determine the combined effect of the essential oil with the standard
antifungal drugs. The interaction of the drugs was ascertained by
calculating the fractional inhibitory concentration index (FICI). The
FICI is calculated by adding the fractional inhibitory concentration
(FIC) for each of the tested compounds, being defined as the
addition of the MIC values of each drug in the combination divided
by the MIC of the drug alone.

FIC* = MIC of agent A in combination/MIC of agent A alone

FIC® = MIC of agent B in combination /MIC of agent B alone
FICI = FIC* + FIC®

In the equations, A represents the EOEB and B the antifungal,
ketoconazole. The turbidity of the fungal suspensions was adjusted
to 0.5 McFarland standard (10° UFC/mL). In the solutions, the
tested products were used at concentrations of their respective
MICs. Initially, 50 pL of RPMI 1640 medium was added to all 96
wells of the microdilution plate. Then 50 pL of essential oil was
added in the first column, in which serial dilutions were made in the
plate until the 8th column, with the essential oil concentrations
ranging from 5 to 0.03 mg/mL. In the vertical lines, 50 pL of
standard antifungal ketoconazole was placed in concentrations
ranging from 16 to 0.125 pg/mL.

Finally, 100 pL of inoculum was added to all wells. RPMI 1640
medium with inoculum was used as a negative control, while the
antifungals and essential oil separately were used as positive
controls at the respective MIC values. The microplates were
incubated at 37°C and read visually after five days for
dermatophytes. Assays were performed in triplicate. The FICI was
interpreted as indicating a synergistic effect at values < 0.5, an
indifferent effect at values > 0.5 or < 4.0, and an antagonistic effect
at values > 4.0 (Odds, 2003; Johnson, 2004).

Determination of DPPH radical scavenging activity

To evaluate the antioxidant activity of the essential oil, the study
used the free radical DPPH (1,1-diphenyl-2-picrylhydrazyl)
scavenging assay, according to Fenglin et al. (2004), with
modifications. The activity was investigated by the ability to
scavenge the DPPH radical through variation of absorbance
obtained for a stoichiometric color loss of the radical solution in the
presence of antioxidant substances present in the essential oil
sample.

In a test tube, 3.9 mL of a methanol solution of free radical DPPH
6.5 x 10°M was combined with 0.1 mL of the methanol solution of
essential oil in the concentrations to be tested. After 60 min, the
absorbance was determined with an UV-VIS spectrophotometer at
a wavelength of 515 nm. Assays were performed in triplicate. The
inhibition of free radical DPPH was calculated in percent using the
following equation:

IP% = Abs(DPPH) - Abs(sample) / Abs(DPPH) x 100

Where IP% is the inhibition percentage; Abs (DPPH) is the
absorbance of the DPPH solution and Abs (sample) is the
absorbance of the solution containing the essential oil at a
particular concentration. 1Cso values (concentration of sample
required to scavenge 50% of free radicals) were calculated by the
regression equation of the concentration of the essential oil, and
percentage inhibition of free radical formation/percentage inhibition
DPPH was calculated (Bajpai et al., 2009).

Determination of antioxidant activity using B-carotene/linoleic
acid assay

The evaluation of oxidation inhibition by [-carotene/linoleic-acid
oxidation system was performed by means of a spectrophotometric
assay based on the discoloration of B-carotene due to oxidation
induced by oxidative degradation products of linoleic acid (Silva et
al., 1999; Alves et al, 2010). The antioxidant activity was
determined by measuring the ability of the volatile organic
compounds to inhibit the conjugated diene hydroperoxide formation
from linoleic acid and -carotene coupled oxidation in an emulsified
aqueous system, which loses its orange color when reacting with
the radicals (Alves et al., 2010; Lopes-Lutz et al., 2008).



The B-carotene (Sigma, St. Louis, MO) was dissolved in 5 ml of
chloroform (0.3 mg/mL), followed by adding 20 pL of linoleic acid
(Sigma, St. Louis, MO) and 200 pL of Tween 40 (Sigma, St. Louis,
MO). Chloroform was completely evaporated using a vacuum
evaporator. After removal of CHCI;, 100 ml of distilled water
saturated with oxygen under constant agitation was added to form
an emulsion. The solution was adjusted in the spectrophotometer to
a wavelength of 470 nm. The final emulsion had absorbance
between 0.6 and 0.7 nm. Then 5 ml aliquots of the emulsion were
placed in test tubes followed by 100 pl of dilutions of previously
prepared methanol solutions of the essential oil, at concentrations
of 500 to 25 mg/ml. Sample readings were taken 2 min after contact
of the methanol solutions having varied concentrations with the
emulsion. Then the samples were put in a water bath at 50°C for
120 min, and a second reading was performed. The negative
control consisted of 5 ml of emulsion alone (Andrade et al., 2012).
The percentage inhibition was calculated from the data with the
formula:

IP% = [(Abssample(O) - Abssample(lZO)) / (Abssystem(O) - Abssystem(lZO))] X
100

% Protection = 100 — IP%

Where IP% is the inhibition percentage; AbSsampe@) iS the
absorbance of the essential oil at t=0 min; AbSsampie120) iS the
absorbance of the essential oil at t=120 min; AbSgsysiem() iS the
absorbance of the system at t=0 min and AbSgsysem(120) IS the
absorbance of the system at t=120 min. Thymol and carvacrol,
oxygenated monoterpenes present in many essential oils, were
used as positive controls. Samples were read against a blank
containing the emulsion minus beta-carotene. Each assay was
repeated three times and the ICs values (concentration sufficient to
obtain 50% of a maximum effect estimate in 100%) were calculated
by the regression equation of the concentration of the essential olil,
and percentage of protection (Lopes-Lutz et al., 2008; Andrade et
al., 2012).

Brine shrimp lethality bioassay

The lethality assay against Artemia salina Leach (Crustacea,
Artemiidae) was performed according to the method proposed by
Meyer et al. (1982) with adaptations. The eggs of A. salina were
incubated at room temperature (between 22 to 29°C) in artificial
brine consisting of 23 g/L of sea salt and 0.7 g/L of sodium
bicarbonate in distilled water for a period of 48 h in a tank fitted with
a dark compartment and another clear one.

Using a light source, the nauplii were attracted to the light,
collected with a Pasteur pipette and transferred to a beaker with
saline water. Extraction solutions were prepared with the solvents
methanol, DMSO and saline water in concentrations of 10,000 to 1
pg/mL. The positive control was prepared with potassium
dichromate (K.Cr,07) and saline solution, and the negative control
with saline solution and DMSO. Then 10 larvae were added to test
tubes containing 5 ml of each tested solution and negative and
positive control solutions (Costa et al., 2009).

Assays were performed in triplicate and the number of dead
larvae was counted after contact for 24 h with the solutions. For
counting the number of nauplii, the study considered those that
remained immobile for more than 10 s after gentle agitation of the
tubes (Lhullier et al., 2006).

Hemolysis assay

Fresh blood (10 ml) was collected in EDTA tubes and centrifuged at
1000 g for 10 min at 4°C. After plasma removal, the pellet
containing the red blood cells (RBCs) was washed five times with
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PBS and then re-suspended in PBS to obtain an 8% (v/v)
suspension. Then 100 pL of this suspension was added to different
microcentrifuge tubes with 100 pL of 2-fold serial dilutions of
essential oil, ranging from 0.005 to 2.5 mg/ml. Final concentrations
were 4% (v/iv) of erythrocyte suspension, and the essential oil
concentration range was 0.1 to 100 uM. The resulting suspensions
were incubated with agitation for 60 min at 37°C. After incubation,
the samples were centrifuged for 2 min at 1000 g. The supernatants
were transferred to 96-well plates and the hemoglobin release was
measured by absorbance at 540 nm, using the Biotek Synergy HT
multiplate reader. Triton X-100 at 1% and 4% (v/v) RBCs in PBS
with no essential oil (untreated) were used as positive and negative
controls, respectively. Percentage hemolysis was determined as
[(Abss40nm sample-treated — AbSsaonm Untreated)/ (AbSsaonm1% Triton
X-100 — Absssonm untreated)] x 100, and experiments were carried
out in triplicate (Ahmad et al., 2010).

Statistical analysis

All experiments were performed in triplicate, and the results were
expressed as mean * standard deviation (SD). One-way ANOVA
with the Tukey test was performed followed by multiple
comparisons testing where appropriate. LCso values were obtained
using statistical package for social sciences (SPSS) 14.0 for
Windows (SPSS Inc. Chicago, USA). Significance of difference was
accepted at p < 0.05.

RESULTS AND DISCUSSION

The essential oil yield was 0.1% (w/w) dry weight. The
chemical compositions of the volatile constituents of the
EOEB and the respective percentages are reported in
Table 1. The essential oil contained 25 components,
accounting for 93.84%, among them mono- and
sesquiterpenes, with a prevalence of sesquiterpenes.
The main constituents were B-caryophyllene (23.59%),
thymol methyl ether (12.28%), germacrene D (6.56%)
and bicyclogermacrene (6.47%). Among these main
constituents, only one monoterpene was found, thymol
methyl ether. Sesquiterpene hydrocarbons predominate
in the chemical composition.

A previous study of the chemical composition of the
aerial parts of EOEB identified 27 components,
representing 91.2% of the total content (Albuquerque et
al. 2001). In this study, the EOEB showed a high content
of monoterpenes, limonene (15.3%), (E)-B-ocimene
(10.5%), followed by pB-caryophyllene sesquiterpene
(7.5%) and myrcene monoterpene (7.3%) (Albuquerque
et al., 2001). Variations in the chemical composition of
essential oils, secondary metabolism products of the
plant, occur due to changes in abiotic factors, as well in
the geographic location of the plant, season of the year
and even time of day when the plants are sampled
(Dudareva et al., 2004; Gobbo-Neto; Lopes, 2007). In
other Eupatorium species, the chemical analysis showed
a corresponding composition. In E. capillifolium (Lam.)
Small. ex Porter & Britton, the chemical composition of
the essential oil of the aerial parts contained thymol
methyl ether (36.3%) as the main constituent (Tabanca et
al., 2010).
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Table 1. Chemical composition of the aerial parts of the essential oil from E. ballotifolium

(EOEB).
Compound? RI Lit RI® EOEB
Sabinene 975 975 1.88
B-Myrcene 990 992 0.51
a-Phellandrene 1002 1004 1.32
p-Cymene 1024 1025 3.41
Limonene 1029 1023 0.88
(2)-B-Ocimene 1037 1039 1.40
(E)-B-Ocimene 1050 1050 5.05
Terpinen-4-ol 1177 1186 2.13
Thymol methyl ether 1245 1235 12.28
5-Elemene 1338 1350 1.87
a-Copaene 1376 1373 2.29
B-Elemene 1390 1389 5.47
B-Caryophyllene 1419 1427 23.59
a-Humulene 1454 1450 1.58
epi-Caryophyllene 1466 1471 0.76
Germacrene D 1481 1490 6.56
Bicyclogermacrene 1500 1499 6.47
Germacrene A 1509 1513 1.08
8-Cadinene 1523 1529 5.54
Germacrene B 1561 1560 0.97
Caryophyllene oxide 1583 1583 1.38
Globulol 1590 1591 2.85
1,10-de-epi-Cubenol 1619 1621 0.73
epi-a-Muurolol 1642 1634 2.40
a-Cadinol 1654 1644 1.44
Total identified - - 93.84

2 Order of elution on DB-5 capillary column. ® RIy, refers to the retention index taken from Adams,
2012. ° Rl¢, refers to the retention index experimentally calculated using C.—Cos n-alkanes.

Regarding the in vitro antifungal activity of the EOEB, the
results are summarized in Table 2. The essential olil
showed no significant activity when tested against strains
of Candida spp (C. albicans LABMIC 0201, C. albicans
LABMIC 0202, C. parapsilosis LABMIC 0301 and C.
tropicalis LABMIC 0401). However, the results showed
MIC values ranging from 2.5 to 1.25 mg/ml for the strains
of dermatophytes (T. rubrum LABMIC 0101, T. rubrum
LABMIC 0102, T. rubrum CEMM 05-1-08 and T. rubrum
CEMM 05-1-034). Ketoconazole was used as positive
control.

There are no reports in the literature of antimicrobial
activities of the E. ballotifolium species, so this study is
groundbreaking in investigating the antifungal activity
against dermatophytes, which are medically important
fungi responsible for superficial skin infections, with T.
rubrum being the species most often found to cause
dermatophytosis (Cafarchia et al., 2013).

Previous studies with some of the major constituents in
the composition of EOEB report antifungal activity for 8-
caryophyllene (Tampieri et al., 2005; Skaltsa et al., 2003;

Bougatsos et al., 2004) and bicyclogermacrene (Silva et
al., 2007), both sesquiterpene hydrocarbons. These
results indicate that the antifungal activity found in our
study may represent a combined effect of these main
EOEB constituents. For the Eupatorium genus, numerous
studies have been conducted of the antimicrobial activity,
mainly involving extracts and essential oils. The data are
still incipient, although Eupatorium has been found to be
one of the largest genera of the family Asteraceae
(Garcia-Sanchez et al., 2011; Roque and Bautista, 2008).

In testing the modulatory activity, the study used the
strains of T. rubrum LABMIC 0101 and T. rubrum
LABMIC 0102. The results (Table 3) demonstrate that the
combination of ketoconazole with EOEB reduced the
MICs for both strains of T. rubrum (Table 3). Mutual
synergistic potentiation of antifungal activity of EOEB and
ketoconazole occurred, with a significant reduction in the
MIC of ketoconazole of 1.0 to 0.125 pg/mL on the strain
T. rubrum LABMIC 0102. The most significant reduction
occurred in the tests with strain LABMIC 0102, whose
fractional inhibitory concentration index (FICI) was low
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Table 2. Minimum inhibitory concentration of essential oils from Eupatorium ballotifolium against Candida spp and Trichophyton

rubrum.
Strains Essential oil of E. ballotifolium Drug (ug/mL)
MIC (mg/mL) MFC (mg/mL) Amphotericin B ketoconazole

C. albicans LABMIC 0201 NI NI 2.0 -
C. albicans LABMIC 0202 NI NI 1.0 -
C. parapsilosis LABMIC 0301 NI NI 4.0 -
C. tropicalis LABMIC 0401 NI NI 2.0 -
T. rubrum LABMIC 0101 1.25 - - 1.0
T. rubrum LABMIC 0102 25 - - 1.0
T. rubrum CEMM 05-1-08 25 - - 1.0
T. rubrum CEMM 05-1-034 25 - - 1.0
Geometric mean of T. rubrum 2.69 - — -

LABMIC, Microbiology Laboratory; CEMM, Specialized Centre of Medical Mycology.

Table 3. MIC of the ketoconazole in the presence and absence of essential oil from Eupatorium ballotifolium against Trichophyton rubrum.

T. rubrum LABMIC 0102

T. rubrum LABMIC 0101

Plant essential

oil/Drug MIC (ug/ml) MIC (ug/ml) by i dexa MIC (ng/ml) MIC (Mg/mL) o i dex
alone combined alone Combined

E. ballotifolium 5000 39 01 2500 39 10

ketoconazole 1.0 0.125 ' 1.0 1.0 '

®FIC index, index fractional inhibitory concentration (FICI).

Table 4. Antioxidant activity of the essential oil from E. ballotifolium and the thymol and carvacrol, tested standard.

Methods B-carotene / linoleic acid DPPH
Compound I1Cs0 (Hg/mL) ICso (Hg/mL)
E. ballotifolium 19.47 222.17
Thymol 11.32 21.71
Carvacrol 22.83 25.5

ICx is defined as the concentration sufficient to obtain 50% of a maximum effect estimate in 100%.

(0.1) compared with strain LABMIC 0101, whose FICI
value was 1.0. So, for LABMIC 0102 the modulatory
activity was synergistic and for LABMIC 0101 the activity
was indifferent.

The mechanisms of inhibiting microbial growth may be
related to the hydrophobic nature of the constituents of
the essential oil. Such compounds can act on the plasma
membrane, causing it to become more permeable to
antifungal agents, affecting the mitochondrial respiratory
chain and cellular energy production. Thus, this
mechanism can occur due to combined action of the
antifungals with natural products at subinhibitory
concentrations (Nogueira et al., 2014; Tintino et al.,
2014). This is the first report of modulatory activity of a
standard antifungal drug combined with EOEB.

The results presented here corroborate with other
studies involving essential oils of Thymus vulgaris L. and

Cinnamomum cassia L. (Pekmezovic et al., 2015),
Ocimum sanctum L. (Amber et al, 2010), Myrtus
communis L. (Mahboubi and Bidgoli, 2010), Melaleuca
alternifolia (Maiden & Betche) Cheel and Lavandula
angustifolia Mill. (Cassella et al., 2002). These studies
demonstrate the ability of essential oils used to modify
the antibiotic activity of drugs through the checkerboard
technique. 1Cs, values of the EOEB obtained from the
antioxidant assays investigated by the free radical DPPH
(1.1-diphenyl-2-picrylhydrazyl) scavenging assay and [3-
carotene/linoleic-acid oxidation model system are shown
in Table 4.

In the DPPH scavenging assay, the ICsy value was
222.17 pg/mL. This result indicates that the essential olil
exhibited weak antioxidant capacity when compared to
the positive controls: thymol, whose ICsq was 21.71
pa/mL and carvacrol, with ICsq of 25.5 pg/mL. In the test



352 Afr. J. Pharm. Pharmacol.

50
45

40
35

30

Estimated concentration to promote 50% hemolvsis

ICs= 3951 mgmL

25
20
15

Hemolysis (%0)

10

0 * * +
0.029 0.078 0.156

» >-—
0.3125 0.625 1.25 2.5

Concentration (mg/ml)

Figure 1. Hemolytic activity of the essential oil from Eupatorium ballotifolium (EOEB).

with B-carotene/linoleic-acid, the ICsy of the essential oil
was 19.47 ug/mL, an excellent antioxidant action, while
the 1Cso of thymol was 11.32 pg/mL and carvacrol was
22.83 pg/mL.

The discrepant results between the two tests can be
explained by the purpose of each method. The DPPH
scavenging assay is based on the ability of the tested
substance to sequester DPPH free radicals, which are
reduced to the hydrazine compound and are routinely
used to evaluate the antioxidant activity in plant extracts
and pure substances such as terpenoids and flavonoids
(David et al.,, 2007; Alves et al., 2010). The B-
carotenel/linoleic-acid assay is employed specifically to
investigate the ability of a sample to minimize the
complete oxidation of linoleic acid and B-carotene in an
aqueous-lipid system which loses its orange color when it
reacts with radicals produced by oxidative degradation of
fatty acids (Alves et al., 2010). This method is used to
investigate the antioxidant capacity of lipophilic
substances, such as essential oils (Kulisic et al., 2004).
Another property that makes it a useful method to test
essential oils is that it does not require high
temperatures, which allows determination of the
antioxidant activity of thermo-sensitive substances such
as essential oils (Silva et al., 1999).

Sesquiterpenes were the constituents identified in
greatest quantities in the study essential oil, and the
literature indicates antioxidant potential of plant-derived
sesquiterpenes (Xu et al., 2008; Sghaier et al., 2011). -
caryophyllene, the main constituent found in the study
(23.59%), was previously shown to have antioxidant
activity and protective effect on liver fibrosis and the

ability to inhibit activation of hepatic stellate cells (Calleja
et al.,, 2013). The isolated action of B-caryophyllene or
the synergism between the main constituents of the
essential oil can be also be related to the antioxidant
action (Candan et al., 2003). These results of antioxidant
activity of the EOEB, detected by two different methods,
corroborate previous studies that have indicated
antioxidant potential of the genus Eupatorium, with
activity for many species, such as E. adenophorum
(Ahluwalia et al., 2014), E. odoratum (Raman et al., 2012;
Chakraborty et al., 2010), E. polystachyum DC. (Souza et
al., 2007) and E. triplinerve Vahl (Melo et al., 2013).

In the brine shrimp lethality bioassay, mortality rates to
the EOEB varied between 0 and 100%, and the
concentration required to kill 50% of the larvae (LCsg)
was 28.89 pg/mL. LCso values less than 1000 pg/mL
indicate a possible spectrum of biological activities of
some of the constituents, combined and/or isolated
(Meyer et al., 1982). The anticholinesterase activity has
been investigated of the EOEB from leaves and bark
(Albuguerque et al., 2010). Lethality bioassays with A.
salina have also been used in prospecting studies to
screen plants with possible pharmacological activity, in
Brazil (Quignard et al., 2004), India (Krishnaraju et al.,
2006) and Nicaragua (Coe et al., 2010).

The tests to determine the in vitro hemolytic activity of
EOEB showed that at concentrations of 0.039, 0.078,
0.156, 0.312, 0.625, 1.25 and 2.5 mg/mL respectively the
percentage of hemolysis ranged from 0.1 to 12.16%
(Figure 1). Based on these results, the study can
extrapolate hemolysis values and estimate the IC50 of
39.51 mg/mL for the essential oil. Regarding hemolytic



activity, the statistical analysis showed a significant
difference at the level p = 0.05 when compared to the
positive control Triton X-100 with the EOEB
concentrations used.

Methods to measure the hemolytic activity in vitro
enable determining the cytotoxic profile of the studied
substance, and consist of checking for potential damage
caused by the substances present in essential oils to the
membranes of erythrocytes, which when undergoing lysis
release hemoglobin (Miyazaki et al.,, 2013). At the
essential oils’ MIC values, the study observed hemolysis
percentages between 0.8 and 12.2%. Comparison of the
ICso value of hemolytic activity with the MIC indicated that
the oil concentration responsible for the fungistatic
activity is lower than the concentration required to
damage red blood cells by rupture of their membrane.
However, according to the test of hemolytic activity, the
EOEB showed low cytotoxic effect at the concentrations
that inhibited microbial growth.

Conclusion

Chemical analysis of the EOEB identified 25
components, accounting for 93.84% of the substances,
with predominance of sesquiterpene hydrocarbons. The
brine shrimp lethality bioassay (A. salina) used as for
screening allowed establishing a correlation with other
potential biological activities, and the hemolytic activity
assay showed that the essential oil has low cytotoxicity.

The essential oil showed in vitro antifungal activity
against the dermatophyte T. rubrum, and when tested in
combination with ketoconazole, the EOEB interacted
synergistically, increasing its antifungal action.
Antioxidant activity was evidenced by the DPPH
scavenging assay, with 1Csy of 222.17 ug/mL, while the
ICso value was 19.47 pg/mL in the test with B-
carotene/linoleic-acid. The antioxidant potential can be
related to the high content of sesquiterpenes and
especially  B-caryophyllene, germacrene D and
bicyclogermacrene, the main constituents found in this
study.

It is necessary to investigate the mechanism of action
in the fungal cells and perform tests to identify the
components responsible for the biological activities. It is
also important to carry out tests with isolated constituents
of EOEB against strains of dermatophyte fungi,
modulatory activity assays with other antifungal drugs
used in antifungal therapy and to investigate new
toxicological aspects of the essential oil.
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1. Introduction

Lectins, which are found in all living organisms, are sugar-
binding proteins that differ from immunoglobulins and glycoen-
zymes because they are not produced as an adaptive immune
response, and they contain no site for enzymatic modification of
their ligands. However, lectins are important proteins of both ver-
tebrate and invertebrate innate immune systems, and they interact
with carbohydrates in a specific and reversible manner [1-3].

Several lectins from different sources have been isolated and
characterized. Among the exploited invertebrates, lectins from
the phylum Porifera has revealed promising pharmacological and
biotechnological application potential [4]. Currently, about 150

* Corresponding author at: Departamento de Engenharia de Pesca, Universidade
Federal d°Ceara, Av. Mister Hull, 60440-970, Box 6043, Fortaleza, Ceara, Brazil.
E-mail address: alexholandasampaio@gmail.com (A.H. Sampaio).

http://dx.doi.org/10.1016/j.ijbiomac.2017.02.020
0141-8130/© 2017 Elsevier B.V. All rights reserved.

sponges have been screened for hemagglutinating activity [4-8],
and the isolation of about 40 resulted [4].

Sponge lectins form a heterogeneous group of proteins, which
present a wide variety of biochemical characteristics (i.e., molecu-
lar size, glycosylation, Ca%* binding site and isoelectric point) and
biological activities, including antimicrobial and cytotoxic activi-
ties, modulation of inflammatory response, and neuromodulatory
activity [4,9,10,11-13].

Despite their biotechnological potential, only a few lectins from
sponges have thus far been structurally characterized. Among those
that have had their primary structure determined are representa-
tives of some structural lectin families, including C-type lectins,
tachylectins, galectins [14-16], and “orphan” lectins that do not
belong to any specific family [17,18].

Irrespective of their structural features, most sponge lectins
converge in one primordial characteristic: specificity. Several galac-
tophilic lectins were isolated from sponges [4,7,10,19,20]. The
genus Aplysina, for instance, presents galactose-binding lectins iso-
lated from A. archeri and A. lacunosa [8].
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Aplysina lactucais arecently described endemic species from the
northeastern Brazilian coast. Specimens can be found on the upper
part of rocks or coral heads, in depths varying from 5 to 22 m A.
lactuca is a yellowish-brown sponge of very soft and flexible con-
sistency that presents a lamellar form, which is reminiscent of the
root buttresses of large tropical canopy trees [21].

In this work, we report the purification and biochemical charac-
terization of a new lectin isolated from the marine sponge A. lactuca
(ALL). We then describe the effect of the lectin against bacterial
biofilm formation.

2. Methods
2.1. Materials

Guar gum, protein miX, a-cyano-4-hydroxycinnamic acid
(CHCA), sugars and glycoprotein were purchased from Sigma
(St. Louis, MO, USA). Trypsin was purchased from Promega
(Madison, WI, USA). Acetonitrile (ACN), formic acid (FA), tri-
fluoracetic acid (TFA), vinyl-pyridine (VP), iodoacetamide (IAA),
[B-mercaptoethanol (3-ME) and dithiothreitol (DTT), acrylamide,
bis-acrylamide, ammonium persulfate and sodium dodecyl sulfate
were HPLC/Spectro grade. Sodium phosphate, ammonium sulfate,
Tris hydrochloride, EDTA, glycine, sodium chloride, sodium acetate
violet crystal were the purest grade commercially available (for
analysis grade).

2.2. Animal collection

Sponge specimens were collected on the intertidal zone of
Pacheco Beach (3°41'14”S, 38°37’58"W), Caucaia, Brazil. The
sponges were transported in seawater to the laboratory and stored
at —20°C until use. The species was identified, and a voucher was
deposited (ID: UFPEPOR 1929) at the Zoology Department of the
Universidade Federal de Pernambuco, PE, Brazil. Collections were
authorized and certified by responsible environmental institutions
(SISBIO ID: 33913-8).

2.3. Lectin purification

The frozen sponges were cut into small pieces, ground in a
mortar and homogenized in Tris-HCl 50 mM, pH 8.0, containing
NaCl 150 mM (TBS) at 1:10 (w/v). Smashed sponges were filtered
through nylon tissue, and the extract was centrifuged at 7000g for
30minat4°C.The supernatant (crude extract) was stored at —20°C
until use.

Crude extract was submitted to precipitation with 70% ammo-
nium sulfate saturation. After 4 h at4 °C, precipitated proteins were
pelleted by centrifugation and solubilized in a small volume of
TBS (F 0-70). Approximately 45mL of F 0-70 were applied on
cross-linked guar gum prepared according to Appukuttan et al.
[22]. The column (1.0 x 8.0 cm) was previously equilibrated with
TBS, unbound proteins were washed with equilibrium buffer and
retained proteins were eluted with glycine buffer (50 mM, pH 2.6,
containing NaCl 150 mM). Fractions of 2 mL were manually col-
lected at a flow rate of 1 mLmin~! and monitored by absorbance
measurement using an Ultrospec 2100 spectrophotometer (GE
Healthcare). Retained fractions (ALL) were pooled, dialyzed against
distilled water, and freeze-dried.

2.4. Hemagglutinating activity and inhibition assays

Hemagglutinating activity (HA) and inhibition assays were per-
formed following pre-established methods [23] using human (A,
B and O) and rabbit erythrocytes, both treated with proteases and
untreated.

The following sugars and glycoproteins were used in the
inhibition assay: D-xylose, D-ribose, L-fucose, L-arabinose, L-
rhamnose, D-galactose, D-mannose, D-glucose, D-glucosamine,
D-galactosamine, N-acetyl-D-glucosamine, N-acetyl-D-galacto-
samine, D-galacturonic acid, p-fructose, D-sucrose, D-melibiose,
a-D-lactose, [3-p-lactose, D-lactulose, D-maltose, D-raffinose,
methyl-a-D-galactopyranoside, methyl-3-p-galactopyranoside,
methyl-B-D-thiogalactose, phenyl--D-galactopyranoside, 4-
nitrophenyl-a-D-galactopyranoside, 4-nitrophenyl-f3-p-
galactopyranoside, 2-nitrophenyl-f3-p-galactopyranoside,
O-nitrophenyl--p-galactopyranoside and type 2 porcine stomach
mucin (PSM).

The effects of pH, temperature, EDTA and divalent cations on
hemagglutinating activity were evaluated as described by Sampaio
etal. [23].

2.5. Molecular mass and sugar content

Molecular mass of ALL under denaturing condition was esti-
mated by SDS-PAGE [24] in the presence and absence of (3-ME.
LMW-SDS Marker kit (GE Healthcare, UK) was used as standard.

ALL relative molecular mass was estimated by size exclusion
chromatography in the BioSuite column coupled to an Acquity UPLC
system (Waters Corp, MA, USA). Chromatography was conducted
in TBS at a flow rate 0.5mLmin~!. The column was previously
calibrated with protein mix containing BSA (66 kDa), ovalbumin
(45kDa), carbonic anhydrase (29 kDa), ribonuclease (14 kDa) and
aprotinin (6.5 kDa).

Average molecular mass was determined by Electrospray
Ionization-Mass Spectrometry (ESI-MS). ALL (10 pmol wl-1) was
dissolved in a solution of ACN 50% containing 0.2% FA. An aliquot
of 100 L of this solution was centrifuged at 8000 x g for 5min
and then infused into a nanoelectrospray source coupled to a
Synapt HDMS ESI-Q-ToF mass spectrometer (Waters Corp. MA,
USA) using a Hamilton syringe. The instrument was calibrated with
[Glu1]-Fibrinopeptide B fragments. Mass spectra were acquired by
scanning at m/z ranging from 1500 to 3500, at 2 scans s~ 1. The mass
spectrometer was operated in positive mode, using a source tem-
perature of 363 Kand capillary voltage at 3.2 kV. Data collection and
processing were controlled by Mass Lynx 4.1 software (Waters).

Additionally, the average molecular mass of ALL was determined
by MALDI-ToF on an Autoflex MALDI-TOF/TOF mass spectrometer
(Bruker Daltonics, Germany), using matrix solution (10mg mL~! of
CHCA on acetonitrile, water, TFA, 50, 47, 3% v/v). The spectra were
acquired in linear positive mode and processed with Flex Analysis
3.4 software (Bruker Daltonics, Germany).

Neutral carbohydrate content in ALL was evaluated in accor-
dance with Dubois et al. [25], using lactose as the standard.

2.6. Quantification of sulfhydryl groups

To quantify free cysteines, ALL (1 mg mL~1) was incubated with
55mM IAA in the dark for 45 min at room temperature and sub-
jected to desalting by gel filtration chromatography on a Zeba™
Spin Desalting column, 7 K MWCO (Thermo Scientific, MA, USA).

To quantify total cysteines, ALL was reduced with DTT 10 mM at
56 °C for 1 h and alkylated with 55 mM IAA in the dark for 45 min at
room temperature. Then, carboxamidomethylated (CAM)-ALL was
desalted in Zeba™ column. Alternatively, ALL was treated with B-
ME 5mM for 45 min at 56°C and then with VP 20mM for 1h in
dark at room temperature. After that, pyridylethylated (PE)-ALL
was desalted.

All samples were freeze-dried, solubilized in ACN 50% contain-
ing FA 0.2%, and subjected to ESI-MS analyses as described above.
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2.7. MS/MS

SDS-PAGE was performed as described above. Protein bands
were excised and treated with DTT and IAA according to pre-
established methods [26]. Digestion with trypsin was carried out
as described by Carneiro et al. [18]. Peptides were extracted from
gel according Shevchenko et al. [26].

Tryptic peptides were separated on a reverse phase C-18
(0.075 x 100 mm) nanocolumn coupled to a nanoAcquity system.
The eluates were analyzed in a hybrid mass spectrometer (ESI-
Q-ToF) (Synapt HDMS, Waters Corp. MA, USA). The instrument
parameters were adjusted as described by Carneiro et al. [18].

Collision induced dissociation (CID) spectra were manually
interpreted, and sequenced peptides were searched online against
NCBI and Uniprot databanks.

2.8. Circular dichroism measurement

Circular Dichroism (CD) spectroscopic measurement was per-
formed on a Jasco J-815 spectropolarimeter (Jasco International Co.,
Tokyo, Japan) connected to a peltier with controlled temperature.
ALL (0.2mgmL-! in 20mM phosphate buffer, pH 7.0, containing
150mM NaCl) was placed in a rectangular quartz cuvette with
0.5mm path length. Spectra were acquired at a scan speed of
50 nm min~! with a bandwidth of 1 nm. The acquisitions were per-
formed at 190-250 nm (far UV). The analyses of secondary structure
prediction were performed by DICHROWEB web server [27].

The thermodynamics parameters of ALL folding and unfolding
in the presence and absence of lactulose, a-lactose and 3-lactose
were calculated by monitoring the changes in ellipticity at 205 nm
as a function of temperature [28]. The lectin (8 M) was submitted
to temperatures ranging from 70°C to 105 °C with a ramp rate of
3°Cmin~! and sampling at each 1°C.

Ligand-induced changes in the molar ellipticities of the lectin at
363 K were employed to find the affinity constant (Ka) for binding
of carbohydrates to the lectin as proposed by Greenfield [28,29].

2.9. Antibacterial activity

2.9.1. Microorganisms and culture conditions

Antimicrobial activities were performed using Staphylococcus
aureus ATCC 25923 and Escherichia coli ATCC 11303. Bacterial cells
were grown on Tryptic Soy Agar medium (TSA; Himedia, India) for
24h at 37°C. To prepare the bacterial suspension, some isolated
colonies of each bacterium were collected from the TSA plates and
grown in Tryptic Soy Broth (TSB; Himedia, India) for 24 h at 37°C
under constant agitation. Cell suspensions were prepared in TSB at
a cell density of 2 x 10 CFUmL~!, unless otherwise stated.

2.9.2. Bacterial aggregation

S. aureus and E. coli and were grown in TSB at 37 °C for 24 h and
harvested by centrifugation at 2000 x g for 10 min. Agglutination
assays were performed as described by Melo et al. [30].

2.9.3. Effects of the lectin on planktonic cells

The effect of ALL on planktonic growth was determined by
the broth microdilution method according to guidelines from the
National Committee for Clinical Laboratory Standards, M7-A6 [31],
with some modifications, as described by Vasconcelos et al. [32].

2.9.4. Biofilm formation assay

Bacterial biofilms were developed on sterile 96-well plates
based on the microtiter plate test developed by Stepanovic et al.
[33], with modifications. The assay was performed by the addi-
tion of 100 L of each bacterium (2 x 108 CFUmL™!) to each well
with 100 pLof different concentrations of lectin (7.8-250 wg mL~1).

The microplates were incubated aerobically at 37 °C during 24 h
in constant agitation for biofilm development. The biofilms were
analyzed by crystal violet staining as an indicator of total biofilm
biomass and by counting viable cells.

2.9.4.1. Biofilm mass quantification. Crystalvioletstaining was used
as an indicator of bacterial biofilm biomass. After the growth of
biofilm, the wells were washed with 200 pL of 150 mM NaCl to
remove weakly adherent cells. Two hundred microliters of 99%
methanol were added to each well for 15min. Methanol was
removed, and the plates were allowed to dry at 25 °C. Then, 200 L
of 0.1% (v/v) crystal violet were added, the excess of crystal violet
was removed after 5min, and the plates were washed twice with
water. Finally, acetic acid 33% (v/v) was added. The optical den-
sity was measured at 590 nm (OD590) on a microtiter plate reader
(SpectraMax® I3, Molecular Devices LLC, Sunnyvale, CA, USA).

2.9.4.2. Quantification of number of viable cells in the biofilms.
The plates containing biofilm were washed twice with 200 L of
150 mM Nac(l, and biofilm suspensions were removed by sonication
for 10 min. Serial decimal dilutions from the obtained suspensions
were plated on TSA to verify the number of viable cells in the
biofilms. After plating the serial dilution on TSA, plates were incu-
bated at 37°C in an aerobic incubator for 24 h prior to counting.
The total number of colony forming units (CFU) (logCFU mL~1) was
determined.

2.9.5. Statistical analysis

Statistical analyses were performed by GraphPad Prism® ver-
sion 5.0 from Microsoft Windows" . The data from all assays were
compared using one-way analysis of variance (ANOVA), with Bon-
ferroni post hoc test. The data were considered significant when
p<0.05.

3. Results
3.1. Purification of ALL

Crude extract of A. lactuca showed strong hemagglutinating
activity against human and rabbit erythrocytes, both native and
treated with proteases. After ammonium sulfate precipitation,
hemagglutinating activity was concentrated in fraction F 0-70. This
fraction was loaded onto guar gum column. The unbound pro-
teins washed with TBS showed residual hemagglutinating activity,
whereas the retained proteins eluted with glycine buffer showed
strong activity against all erythrocytes tested (data not shown).

This procedure increased 110-fold the lectin’s specific activity
compared to the crude extract. ALL eluted from the column rep-
resented 76% of the total hemagglutinating present in the extract
(Table 1).

3.2. Hemagglutinating activity and inhibition of ALL

ALL was able to agglutinate all tested erythrocytes with slight
preference for untreated erythrocytes from rabbit.

Hemagglutinating activity of ALL was inhibited by the disaccha-
rides a-lactose, B-lactose and lactulose with minimum inhibitory
concentrations (MIC) of 25 mM, 50 mM and 50 mM, respectively.
The glycoprotein PSM was the most potent inhibitor with MIC of
4 pg.mL-! (Table 2).

The optimum pH for lectin activity was 7. At pH 5 and 6, the
activity of ALL decreases, and at pH 4, it was almost entirely lost.
Above pH 8, lectin activity was slightly reduced (Fig. 1A). The activ-
ity was unaltered until 60 °C. Above of 60°C, it decreases, and ALL



4 R.F. Carneiro et al. / International Journal of Biological Macromolecules 99 (2017) 1-10

Table 1
Purification procedure of the lectin from Aplysina lactuca (ALL).
Fraction Protein total (mg) HUmL! Specific activity Yield (%) Purification (fold)
(HUmg™ 1) Total
Crude extract 934 128 137 128,000 100 1
FO0-70 523.9 1024 278 173,056 135 2
Guar gum 6.5 1024 15,058 98,304 76.8 110

Rabbit erythrocytes in native form were used.
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Fig. 1. Properties of the hemagglutinating activity of ALL. Effect of pH (A), temperature (B) and divalent cations and EDTA (C) on the hemagglutinating activity of ALL.
Hemagglutinating activity was expressed in logarithm scale as units of titter. All assays were realized in duplicate.

Table 2 ALL

Inhibition of the hemagglutinating activity of ALL by sugars and glycoproteins.

Sugars MiIc? MM + B ME _ B ME

a-D-Lactose 25mM
B-p-Lactose 50 mM
a-D-Lactulose 50 mM
Glycoproteins

Porcine Stomach Mucin 4 png.mL!

The following sugars did not cause inhibition: D-xylose, D-ribose, L-fucose,
L-arabinose, L-rhamnose, D-galactose, b-mannose, D-glucose, D-glucosamine, D-
galactosamine, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, D-galacturonic
acid, p-fructose, D-sucrose, D-melibiose, D-maltose, D-raffinose, methyl-a-D-
galactopyranoside, methyl-B-p-galactopyranoside, methyl-f3-D-thiogalactose,
phenyl-B-p-galactopyranoside, 4-nitrophenyl-a-D-galactopyranoside, 4-
nitrophenyl-3-p-galactopyranoside, O-nitrophenyl-{3-p-galactopyranoside.
3 Minimum concentration of sugar required for inhibition.

was completely denatured at 90 °C (Fig. 1B). The presence of EDTA
and CaCl, did not affect the activity of ALL (Fig. 1C).

3.3. Molecular mass and sugar content

SDS-PAGE of the pure lectin in the absence of 3-ME showed one
single band of 28 kDa, which was decomposed to a broad band of
19 kDa after treatment with reducing agent (Fig. 2). On gel filtration,
ALL exhibited one single peak, corresponding to 94 kDa (Fig. 3).

ESI-MS deconvoluted spectra of intact lectin revealed one major
ion of 31,810+ 2 Da, with several low intensity ions around this
value (Fig. 4A). When ALL was treated with IAA, no shift in mass
spectrum was observed, indicating the absence of free-cysteines
(data not shown).

On the other hand, when ALL was previously treated with DTT
and incubated with IAA (CAM-ALL), two major ions were observed:
15,908 £ 2 Da (ALL-a) and 16,159+ 2Da (ALL-b) (Fig. 4B). When Fig. 2. SDS-PAGE of purified ALL. SDS-PAGE 15%. M) Molecular Marker. 20 j.g of ALL
previously treated with B-ME and incubated with VP (PE-ALL), two were applied in the absence and presence of 3-mercaptoethanol.
other major ions were observed: 16,054 +2Da and 16,302 +2Da
(Fig. 4C). The difference in molecular mass between CAM-ALL and
PE-ALL suggests the presence of three cysteines, all of which are 3.4. MS/MS
involved in disulfide bonds.

Intact ALL submitted to MALDI-ToF analysis (Fig. 5) revealed two After in-gel digestion of ALL, eight tryptic peptides were identi-
major ions of 31,760 +2 Da (ALL-A) and 31,946 +2 Da (ALL-B). fied and sequenced (Table 3). Together, these peptides represent

In addition, ALL is not a glycoprotein, as observed in the Dubois  58% of the lectin’s amino acid sequence. The partial amino acid
assay. sequence of ALL showed 42% of identity and 56% of similarity
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Fig. 3. Size exclusion chromatography of ALL. BioSuite 250 h SEC column (0.78 x 30 cm, 5 um particle size, Waters Corp.) was equilibrated and eluted with Tris-HCl, 50 mM,
pH 7.2, containing NaCl 500 mM. Approximately 200 p.g of ALL were loaded. UPLC operated at flow of 0.5 mLmin~'.

Table 3

Peptides originated by digestion of ALL with Trypsin.

m/z Name Sequence Mass A (Da)

Observed Calculated

786.9293 T1 V[L/I]JVSNVQNTVGTT[L/I]K 1571.8430 1571.8883 0.05
643.8115 T2 [L/IJASESWNPARR 1285.6074 1285.6527 0.05
774.3490 T3 C[L/I]PEQE[L/I]YNVR 1546.6824 1546.7814 0.10
763.3114 T4 VQFDDQGYDAV[L/I]R 1524.6072 1524.7208 0.11
7133212 T4 VQFGNSGYDAVIL/I]R 1424.6268 1424.7048 0.08
502.9058 T5 TQFKEVATYTYR 1505.6940 1505.7515 0.06
4432164 T6 [L/TJPVNTVSR 884.4172 884.5079 0.09
642.3108 T7 Q[L/IJQMVYEN[L/I]K 1282.6060 1282.6743 0.07

Table 4

Affinity constants and free energy of the binding of sugars to ALL at 363 K.

Sugar Ka (M) a — AGg(kJmol~1)
Native - 0.34 —366.1
a-D-lactose 12,5 0.44 -574.9
B-p-lactose 319 0.53 -805.5
D-Lactulose 145.5 0.66 —1463.7

o - Fraction folded at 363 K.
AGr - Free energy of folding.

with the galactose-binding lectin isolated from Axinella polypoides
(P28586.1), lectin I (Fig. 6).

3.5. CD

CD spectra of native ALL exhibited one minimum at 216 nm,
suggesting a predominance of (3-conformation in its secondary
structure (Fig. 7). The prediction method CONTIN [34] indicated
that the theoretical secondary structure consisted of 9% a-helix,
35% B-sheet, 23% 3-turn and 33% coil.

Thermodynamic parameters of ALL, as determined by CD,
revealed the binding constant to the ligands lactulose, a-lactose
and -lactose. The anomeric forms of lactose (o and (3) showed
close values of Ka, whereas lactulose appears to be the ligand with
which ALL has more affinity (Table 4).

3.6. Antibacterial activity and bacterial aggregation

ALL agglutinated both bacterial cells tested, S. aureus and E. coli
(Fig. 8). On the other hand, the lectin was unable to inhibit the
planktonic growth of both species (data not shown).

3.7. Effect of ALL on biofilm formation

ALL significantly reduced the biomass of both bacterial biofilms
tested. Biofilm mass of E. coli was decreased in all tested concen-
trations (Fig. 9A). However, the effect on S. aureus biofilm showed a
concentration-dependent behavior with activity in concentrations
ranging from 250 to 15.6 wgmL-! (Fig. 9B). Contact between ALL
and both biofilms affected the number of viable cells at all concen-
trations tested (Fig. 9C and D).

4. Discussion

In this work, we reported the isolation and biochemical charac-
terization of a new lectin from the marine sponge A. lactuca. ALL was
purified by combining ammonium sulfate precipitation and affinity
chromatography on guar gum column. Affinity chromatography on
guar gum matrix has been employed to purify several galactophilic
lectins, including HGA-2 from the sea cucumber Holothuria grisea
and PFL from Ptilota filicina [23,30].

The genus Aplysina has already had two galactophilic lectins iso-
lated from A. lacunosa and A. archeri. Both are glycoproteins formed
by homotetramers with 16 kDa per subunit linked by weak inter-
actions, and their hemagglutinating activity is CaZ*-dependent [8].

ALL differs from other Aplysina lectins in some features. First,
ALL is a trimer of dimers. Two monomers are linked by disul-
fide bond, and three dimers are linked by weak interactions to
form a functional unit of six polypeptide chains. Sponge lectins
have shown a wide range of oligomeric organization, including
monomeric polypeptide chains, dimers linked by weak interac-
tions, heterotrimers, tetramers linked by disulfide bonds, and large
oligomers [4,10,19,35,36].

Second, ALL activity is independent from divalent ions. The pres-
ence of divalent ions in the binding site of invertebrate lectins is
usual, and several lectins showed this characteristic. Only a few
lectins from sponges are Ca2*-dependent [4,8,10,14].

Finally, A. archeri lectin and ALL showed distinct specificity
[8]. The former was inhibited by several galactosides, especially
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Fig. 4. Molecular mass determination of ALL by ESI-MS. A) Deconvoluted ESI mass spectra of ALL. The lectin (10 pmol wl~!) was dissolved in a solution of ACN 50% containing
0.2% FA and infused into the NanoESI source coupled to an ESI-Q-ToF mass spectrometer. B) Deconvoluted mass spectra of CAM-ALL. C) Deconvoluted mass spectra of PE-ALL.

those that contain a terminal 3-linked galactosyl, such as 3-lactose,
N-acetyllactosamine (lacNac) and digalactosyllactose, while thiol-
[3-p-galactose and (3-methyl-p-galactopyranoside were unable to
inhibit ALL activity. Indeed, ALL was isolated by guar gum from
guar bean, a galactomannan composed of galactosyl linked (a1-
6) to mannose backbone, and anomeric forms of the lactose were
equally effective in the inhibition assay, which showed very sim-
ilar Ka values. Interestingly, these findings, when taken together,

indicate that the specificity for terminal B-linked galactosyl is a
characteristic that is not shared between A. archeri lectin and ALL.

However, ALL showed affinity for lactulose (3-linked galactosyl)
and PSM, which presents T-antigen (GalB1-3GalNac) in its compo-
sition, indicating that ALL is able to bind to [3-galactosides, but not
in an exclusive manner, and may also bind to a-galactosides, such
as a-lactose and galactomannan.
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Fig. 5. Molecular mass determination of ALL by MALDI-ToF. The spectra were acquired in linear positive mode and processed with Flex Analysis 3.4 software.
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Fig. 7. CD spectra of ALL. Far-UV CD spectra (190-250 nm) of ALL. The cuvette path
length was 0.05cm; protein concentration was 0.2mgmL~! in PBS, pH 7. Eight
acquisition were realized, an average value was calculated and plotted in the figure.

About 60% of the primary structure of ALL was obtained by
amino acid sequencing of eight tryptic peptides. These peptides
showed similarity with lectin I from A. polypoides. Indeed, ALL
and lectin I shared some biochemical characteristics. For instance,
both are non-glycosylated, their hemagglutinating activity is Ca*-
independent, and their monomeric molecular masses are very close
[17,37,38].

A. polypoides lectin 1 showed one intrachain disulfide bond
between cysteines 4 and 46 [17]. ALL has three cysteines per sub-
unit, and two of them seem to be involved in one intrachain
disulfide bond. Since Cys*6 appears conserved in ALL, it possible
that disulfide bond 4-46 might present in ALL.

Furthermore, isolectins seem be present in both species. In A.
polypoides, five lectins have been described. Lectins I-IV bind to
galactose, whereas lectin V binds to hexuronic acids. Lectin Il and
V were identified in the first fifteen NH,-terminal amino acids, and
lectins I and II have similar molecular mass values (15,847 + 10 Da
and 16,228 4+ 10 Da, respectively), sharing 65% of identity among |
and 11[17,38].

Like lectins I and II of A. polypoides, MS analyses of ALL revealed
two distinct isolectins (A and B). When ALL was treated with
reducing agents, followed by treatment with alkyl agents, sub-
units ALL-a and ALL-b were observed. Surprisingly, the combined
molecular masses of the subunits did not correspond to the molec-
ular mass of the intact isolectins. The deduced molecular masses
of ALL-a and ALL-b are 15,737 +£2 Da and 15,988 Da + 2 Da, respec-
tively, totaling hypothetical dimers of 31,474 Da (2x a), 31,725Da
(a+b)or31,976 Da(2 x b), whereas molecular mass, as determined
by MALDI-MS, was 31,760 +2Da and 31,913 +2Da for —A and
—B, respectively. Interestingly, the average mass, as determined
by ESI-MS, differs from both molecular mass, as determined by
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Fig. 8. Agglutination of bacteria by ALL. S. aureus incubated with TBS (A) and ALL (B); E. coli incubated with TBS (C) and ALL (D). Arrows indicate bacterial agglutination.
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Fig. 9. Biofilm formation of S. aureus and E. coli in the presence of different concentration of ALL. (A and B) Total biomass and (C and D) number of viable cells present in the
biofilms. (A) and (C) represents S. aureus and (B) and (D) E. coli biofilm. *p <0.05 compared to control (corresponding to 0 wg/mL). Error bars display standard deviations (SD)

of the means. The assays were repeated in triplicate on three different occasions.

MALDI-ToF, and molecular mass of the hypothetical dimers. The
reason for this divergence is unclear, but it can be speculated that
intrinsic properties of the analyte, as well as intrinsic properties of
the instrument, may have contributed to these observations.

The major difference between lectins I and II of A. polypoides is
the insertion of an alanyl-dipeptide in position 131-132 in lectin
II. Therefore, lectin II is two amino acids longer than lectin I [38].

In ALL, peptides T4 and T4’ are quite different in their amino acid
sequence, which may contribute to the difference between ALL-A
and ALL-B.

Despite the common features, the differences between lectin I
and ALL are remarkable. In lectin I, subunits are linked by weak
interactions, and high affinity for non-reducing terminal 3-linked
galactosyl was observed [8,37].
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Lectin I from A. polypoides was initially classified as a (QxW)3-
lectin, a family of lectins that included ricin [39]. Currently, ricin
and other (QxW)3-lectins are included in the R-type lectin family.
Members of the R-type family present repeated domains similar to
ricin and, of course, the (QxW)3 motif (Hirabayashi, Dutta, & Kasai,
1998). However, the homology between lectin I and R-type lectins
is weak since Axinella lectins display just one (QxW) motif, and the
alignment of six other conserved amino acids is only achieved by
inserting gaps [38].

Axinella lectins and ALL shared a certain level of similarity and,
therefore, could be grouped into the same family. However, to
accomplish this, the determination of the complete amino acid
sequence of ALL is required.

The secondary structure of ALL was predominately formed by [3-
conformations. Several structural domains of proteins are formed
by such predominance, some of which are present in lectins, such as
jelly roll B-sandwich and [3-trefoil, typical domains of L- and R-type
lectins, respectively [40].

ALL has the ability to agglutinate Gram-positive and Gram-
negative bacterial cells. Several sponge lectins may bind specific
glycans on the cell surface of microorganisms, causing bacterial
aggregation and/or exhibiting antimicrobial activities [15,41,42].
Moreover, some galactoside-specific lectins are able to cause agglu-
tination of bacterial cells [ 10,30,43]. Several glycosylated structures
present on the cell surface of Gram-positive and Gram-negative
bacteria can be recognized by ALL, including peptidoglycan, cap-
sular polysaccharides, teichoic acid and LPS. According to Gardéres
and coworkers [4], the ability of sponge lectins to bind specific car-
bohydrates in bacterial cells could potentially be used to develop
new antimicrobial agents.

Sponge lectins have shown a large spectrum of antibacterial
activities. For instance, the lectin isolated from Suberites domuncula
displays antibacterial activity against E. coli and S. aureus [15].
According to Miiller and coworkers [44], the S. domuncula lectin acts
as an antibacterial molecule involved in immune defense. Interest-
ingly, despite causing bacterial agglutination, ALL does not inhibit
bacterial growth. Corroborating our results, Kazanjian and Farifias
[45] showed that the lectin from A. lacunosa did not exhibit any
antibacterial activity on Gram-positive and Gram-negative bacte-
ria. However, the aqueous extract of A. lacunosa was able to inhibit
bacterial growth. The activity was attributed to the presence of
secondary metabolites in the extract [45].

On the other hand, the lectin from A. lacunosa strongly reduced
S. aureus and E. coli biofilm formation. Lectins isolated from
marine organisms, such as algae marine lectins, have demon-
strated the ability to inhibit bacterial biofilm formation [46]. Studies
point out that bacterial aggregation may cause a decrease in the
number of adherent cells, consequently inhibiting the formation
of biofilm [47]. The effect of ALL on bacterial biofilm can be
exploited since this could prevent the emergence of drug- resistant
strains.

Acknowledgments

This work was supported by the Brazilian agencies CNPq (Con-
selho Nacional de Desenvolvimento Cientifico e Tecnoldgico),
FUNCAP (Fundagdo Cearense de Apoio ao Desenvolvimento Cienti-
fico e Tecnolégico) and FINEP (Financiadora de Estudos e Projetos).
The authors thank CETENE for access to the mass spectrometer.
The authors are especially grateful to Dr. Julia Campos for MALDI-
ToF analysis. The authors are grateful to Professor David Martin
for helping with text editing. A.H.S., C.S.N., and E.H.T. are senior
investigators of CNPq.

References

[1] S.H. Barondes, Bifunctional properties of lectins: lectins redefined, Trends
Biochem. Sci. 13 (1988) 480-482.

[2] D.C. Kilpatrick, Handbook of animal lectins, properties and biomedical
applications, British library, Edinburgh, 2000, pp. 468p.

[3] WJ. Peumans, E.J.M. Van Damme, Lectins as plant defense proteins, Plant
Physiol. 109 (1995) 347-352.

[4] J. Gardeéres, M. Bourguet-Kondracki, L.B. Hamer, R. Batel, H. Schroder, W.
Miiller, Porifera lectins: diversity, physiological roles and biotechnological
potential, Mar. Drugs 13 (8) (2015) 5059-5101.

[5] H. Bretting, C. Donadey, J. Vacelet, G. Jacobs, Investigations on the occurrence

of lectins in marine sponges with special regard to some species of the family

axinellidae, Comp. Biochem. Phys. B 70 (1981) 69-76.

R.R. Dresch, A.S. Haeser, C. Lerner, B. Mothes, M.M. Vozari-Hampe, A.T.

Henriques, Detecgdo de atividade lectinica e atividade hemolitica em extratos

de esponjas (Porifera) nativas da costa atlantica do Brasil, Rev. Bras.

Farmacogn. 15 (2005) 16-22.

D. Mebs, I. Weiler, H.F. Heinke, Bioactive proteins from marine sponges:

screening of sponge extracts for hemagglutinating, hemolytic, ichthyotoxic

and lethal properties and isolation and characterization of hemagglutinins,

Toxicon 23 (1985) 955-962.

P.B. Miarons, M. Fresno, Lectins from tropical sponges: purification and

characterization of lectins from genus Aplysina, J. Biol. Chem. 275 (2000)

29283-29289.

[9] R.M. Moura, A.A. Melo, R.F. Carneiro, C.R. Rodrigues, P. Delatorre, K.S.
Nascimento, S. Saker-Sampaio, C.S. Nagano, A.H. Sampaio,
Hemagglutinating/Hemolytic activities in extracts of marine invertebrates
from the Brazilian coast and isolation of two lectins from the marine sponge
Cliona varians and the sea cucumber Holothuria grisea, An. Acad. Bras. Cienc.
87 (2015) 973-984.

[10] R.M. Moura, A.F. Queiroz, ].M. Fook, A.S. Dias, N.K. Monteiro, ].K. Ribeiro, G.E.
Moura, L.L. Macedo, E.A. Santos, M.P. Sales, CvL, a lectin from the marine
sponge Cliona varians: isolation, characterization and its effects on
pathogenic bacteria and Leishmania promastigotes, Comp. Biochem. Phys. A
145 (2006) 517-523.

[11] A.F.S. Queiroz, R.M. Moura, J.K.C. Ribeiro, I.L. Lyra, D.C.S. Cunha, E.A. Santos,
M.P. Sales, Pro-inflammatory effect in mice of CvL, a lectin from the marine
sponge Cliona varians, Comp. Biochem. Phys. C 147 (2008) 216-221.

[12] AFS. Queiroz, RA. Silva, RM. Moura, ].L. Dreyfuss, E.J. Paredes-Gamero, A.C.S.
Souza, L.L. Tersariol, E.A. Santos, H.B. Nader, G.Z. Justo, M.P. Sales, Growth
inhibitory activity of a novel lectin from Cliona varians against K562 human
erythroleukemia cells, Cancer Chemother. Pharm. 63 (2009) 1023-1033.

[13] T. Ueda, Y. Nakamura, C.M. Smith, B.A. Copits, A. Inoue, T. Ojima, S.
Matsunaga, G.T. Swanson, R. Sakai, Isolation of novel prototype galectins from
the marine ball sponge Cinachyrella sp. guided by their modulatory activity
on mammalian glutamate-gated ion channels, Glycobiology 3 (4) (2013)
412-425.

[14] D. Gundacker, S.P. Leys, H.C. Schréder, .M. Miiller, W.E. Miiller, Isolation and
cloning of a C-type lectin from the hexactinellid sponge Aphrocallistes vastus:
a putative aggregation factor, Glycobiology 11 (2001) 21-29.

[15] H.C. Schroder, H. Ushijima, A. Krasko, V. Gamulin, N.L. Thakur, B. Diehl-Seifert,
L.M. Muller, W.E.G. Muller, Emergence and disappearance of an Immune
molecule, an antimicrobial lectin, in basal metazoa: a tachylectin-related
protein in the sponge Suberites domuncula, J. Biol. Chem. 278 (35) (2003)
32810-32817.

[16] H. Stalz, U. Roth, D. Schleuder, M. Macht, S. Haebel, K. Strupat, K.
J.Peter-Katalinic, F.G. Hanisch, The Geodia cydonium galectin exhibits
prototype and chimera-type characteristics and a unique sequence
polymorphism within its carbohydrate recognition domain, Glycobiology 6
(5)(2006) 402-414.

[17] E.Buck, C. Luth, K. Strupat, H. Bretting, Comparative investigations on the
amino-acid sequences of different isolectins from the sponge Axinella
polypoides (Schmidt), Biochim. Biophys. Acta 1159 (1992) 1-8.

[18] RF. Carneiro, A.A. Melo, A.S. Almeida, R.M. Moura, R.P. Chaves, B.L. Sousa, K.S.
Nascimento, B.S. Cavada, C.S. Nagano, A.H. Sampaio, H-3, a new lectin from
the marine sponge Haliclona caerulea: purification and mass spectrometric
characterization, Int. J. Biochem. Cell B 45 (2013) 2864-2873.

[19] D.S. Medeiros, T.L. Medeiros, ].K.C. Ribeiro, N.K.V. Monteiro, L. Migliolo, A.F.
Uchoa, I.M. Vasconcelos, A.S. Oliveira, M.P. Sales, E.A. Santos, A lactose specific
lectin from the sponge Cinachyrella apion: purification, characterization,
N-terminal sequences alignment and agglutinating activity on Leishmania
promastigotes, Comp. Biochem. Phys. B 155 (2010) 211-216.

[20] I Pajic, Z. Kljajic, N. Dogovic, D. Sladic, Z. Juranic, MJ. Gasic, A novel lectin
from the sponge Haliclona cratera: isolation, characterization and biological
activity, Comp. Biochem. Physiol. C 132 (2002) 213-221.

[21] U.S. Pinheiro, E. Hajdu, M.R. Custédio, Aplysina Nardo (Porifera, Verongida,
Aplysinidae) from the Brazilian coast with description of eight new species,
Zootaxa 1609 (2007) 1-51.

[22] P.S. Appukuttan, A. Surolia, B.K. Bachhawat, Isolation of two galactose-binding
proteins from Ricinus communis by affinity chromatography, Indian J.
Biochem. Biophys. 14 (1977) 382-384.

[23] A.H. Sampaio, D.J. Rogers, C.J. Barwell, A galactose specific lectin from the red
marine alga Ptilota filicina, Phytochemistry 48 (5) (1998) 765-769.

[24] U.K. Laemmli, Cleavage of structural proteins during the assembly of the head
of the bacteriophage T4, Nature 227 (1970) 680-683.

[6

(7

8



10 R.F. Carneiro et al. / International Journal of Biological Macromolecules 99 (2017) 1-10

[25] M. Dubois, K.A. Gilles, ].K. Hamilton, P.A. Rebers, F. Smith, Colorimetric
method for determination of sugars and related substances, Anal. Chem. 28
(1956) 350-356.

[26] A. Shevchenko, H. Tomas, J. Havlis, ].V. Olsen, M. Mann, In-gel digestion for
mass spectrometric characterization of proteins and proteomes, Nat.
Protocols 1 (6) (2006) 2856-2861.

[27] L. Whitmore, B.A. Wallace, Protein secondary structure analyses from circular
dichroism spectroscopy: methods and reference databases, Biopolymers 89
(2008) 392-400.

[28] N.J. Greenfield, Determination of the folding of proteins as a function of
denaturants, osmolytes or ligands using circular dichroism, Nat. Protocols 1
(2007) 2733-2741.

[29] N.J. Greenfield, Using circular dichroism collected as a function of
temperature to determine the thermodynamics of protein unfolding and
binding interactions, Nat. Protocols 1 (2006) 2527-2535.

[30] A.A. Melo, R.F. Carneiro, W.M. Silva, R.M. Moura, G.C. Silva, O.V. Sousa, J.S.
Saboya, K.S. Nascimento, S. Saker-Sampaio, C.S. Nagano, B.S. Cavada, A.H.
Sampaio, HGA-2, a novel galactoside-binding lectin from the sea cucumber
Holothuria grisea binds to bacterial cells, Int. J. Biol. Macromol. 64 (2014)
435-442,

[31] National Committee for Clinical Laboratory Standards, Document M7-A6;
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That
Grow Aerobically, NCCLS, Wayne, PA, USA, 2003.

[32] M.A. Vasconcelos, F.V. Arruda, V.A. Carneiro, H.C. Silva, K.S. Nascimento, A.H.
Sampaio, B.S. Cavada, E.H. Teixeira, M. Henriques, M.O. Pereira, Effect of algae
and plant lectins on planktonic growth and biofilm formation in clinically
relevant bacteria and yeasts, BioMed. Res. Int. (2014) 9 (ID:365272).

[33] S. Stepanovic, D. Vukovic, I. Dakic, B. Savic, M. Svabic-Vlahovic, A modified
microtiter-plate test for quantification of staphylococcal biofilm formation, J.
Microbiol. Methods 40 (2) (2000) 175-179.

[34] LH.M. van Stokkum, H.].W. Spoelder, M. Bloemendal, R. van Grondelle, F.C.A.
Groen, Estimation of protein secondary structure and error analysis from CD
spectra, Anal. Biochem. 191 (1990) 110-118.

[35] RF. Carneiro, A.A. Melo, F.E.P. Nascimento, C.A. Simplicio, K.S. Nascimento,
B.A.M. Rocha, S. Saker-Sampaio, R.M. Moura, B.S. Cavada, C.S. Nagano, A.H.
Sampaio, Halilectin 1 (H-1) and Halilectin 2 (H-2): two new lectins isolated

from the marine sponge Haliclona caerulea, J. Mol. Recognit. 26 (2013) 51-58.

[36] C.Xiong, W. Li, H. Liu, W. Zhang, ]. Dou, X. Bai, Y. Du, X. Ma, A normal

mucin-binding lectin from the sponge Craniella australiensis, Comp. Biochem.

Phys. C 43 (1) (2006) 9-16.

[37] H. Bretting, E.A. Kabat, Purification and characterization of the agglutinins
from the sponge Axinella polypoides and a study of their combining sites,
Biochemistry 15 (1976) 3228-3236.

[38] F. Buck, C. Schulze, M. Breloer, K. Strupat, H. Bretting, Amino acid sequence of
the D-galactose binding lectin Il from the sponge Axinella polypoides
(Schmidt) and identification of the carbohydrate binding site in lectin Il and
related lectin I, Comp. Biochem. Phys. B 121 (1998) 153-160.

[39] B. Hazes, The (QxW)3 domain: a flexible lectin sacffold, Prot. Sci. 5 (1996)
1490-1501.

[40] G.R.Vasta, H. Ahmed, E.W. Odom, Structural and functional diversity of lectin
repertoires in invertebrates, protochordates and ectothermic vertebrates,
Curr. Opin. Struc. Biol. 14 (2004) 617-630.

[41] T. Saito, S. Kawabata, M. Hirata, S. Iwanaga, A novel type of limulus lectin-L6.
Purification, primary structure, and antibacterial activity, J. Biol. Chem. 270
(1995) 14493-14499.

[42] B. Fenton, RA. Espinosa, E.C. Vazquez, B.A. Lozano, N.S. Sanchez, E.G.
Herndndez, E.Z. Galindo, Purification and characterization of structural and
functional properties of two lectins from a marine sponge Spheciospongia
vesparia, Indian J. Biochem. Biophys. 50 (2013) 562-569.

[43] RF. Carneiro, C.S. Teixeira, A.A. Melo, A.S. Almeida, B.S. Cavada, O.V. Sousa,
B.A.M. Rocha, C.S. Nagano, A.H. Sampaio, L-rhamnose-binding lectin from
eggs of the Echinometra lucunter: amino acid sequence and molecular
modeling, Int. J. Biol. Macromol. 78 (2015) 180-188.

[44] W.E. Miiller, X. Wang, P. Proksch, C.C. Perry, R. Osinga, J. Gardéres, H.C.
Schroder, Principles of biofouling protection in marine sponges: a model for
the design of novel biomimetic and bio-inspired coatings in the marine
environment, Mar. Biotechnol. (NY) 15 (2013) 375-398.

[45] A.Kazanjian, M. Farifias, Actividades bioldgicas del extracto acuoso de la
esponja Aplysina lacunosa (Porifera: aplysinidae), Rev. Biol. Trop. 54 (2006)
189-200.

[46] E.H. Teixeira, M.H. Napimoga, V.A. Carneiro, T.M. Oliveira, K.S. Nascimento,
C.S. Nagano, ].B. Souza, A. Havt, V.P. Pinto, R.B. Gong¢alves, W.R. Farias, S.
Saker-Sampaio, A.H. Sampaio, B.S. Cavada, In vitro inhibition of oral
streptococci binding to the acquired pellicle by algal lectins, J. Appl. Microbiol.
03 (4) (2007) 1001-1006.

[47] W.F. Liljemark, C.G. Bloomquist, G.R. Germaine, Effect of bacterial aggregation
on the adherence of oral streptococci to hydroxyapatite, Infect. Immun. 31
(1981) 935-941.



G Model
BIOMAC-8620; No.of Pages 10

International Journal of Biological Macromolecules xxx (2017) XXX—XXX

journal homepage: www.elsevier.com/locate/ijbiomac

Contents lists available at ScienceDirect

International Journal of Biological Macromolecules

Antibacterial activity of a new lectin isolated from the marine sponge

Chondrilla caribensis

Dayara Normando Marques?, Alexandra Sampaio de Almeida?,

Andressa Rocha de Oliveira Sousa?, Rafael Pereira®, Alexandre Lopes Andrade?,
Renata Pinheiro Chaves?, Rémulo Farias Carneiro?, Mayron Alves de Vasconcelos":¢,
Luiz Gonzaga do Nascimento-Neto®:?, Ulisses Pinheiro9, Paula Alexandra Videira®,
Edson Holanda Teixeira®, Celso Shiniti Nagano?, Alexandre Holanda Sampaio®*

3 Laboratdrio de Biotecnologia Marinha - BioMar-Lab, Departamento de Engenharia de Pesca, Universidade Federal do Ceard, Campus do Pici s/n, bloco

871, 60440-970, Fortaleza, Ceard, Brazil

b Laboratério Integrado de Biomoléculas - LIBS, Departamento de Patologia e Medicina Legal, Universidade Federal do Ceard, Monsenhor Furtado, s/n,

60430-160, Fortaleza, Ceard, Brazil

¢ Departamento de Ciéncias Bioloigicas, Faculdade de Ciéncias Exatas e Naturais, Universidade do Estado do Rio Grande do Norte, 59625-620, Mossoroi, Rio

Grande do Norte, Brazil

d Departamento de Zoologia, UFPE - Universidade Federal de Pernambuco, Av. Prof Moraes Rego, 1235, 50670-901, Cidade Universitdria, Recife,

Pernambuco, Brazil

¢ UCIBIO, Departamento de Ciéncias da Vida, Faculdade de Ciéncias e Tecnologia, Universidade NOVA de Lisboa, 2829-516, Caparica, Portugal

ARTICLE INFO ABSTRACT

Article history:

Received 18 September 2017
Received in revised form

20 November 2017

Accepted 21 November 2017
Available online xxx

A new lectin from the marine sponge Chondrilla caribensis (CCL) was isolated by affinity chromatography
in Sepharose 6B media. CCL is a homotetrameric protein formed by subunits of 15,445 +2 Da. The lectin
showed affinity for disaccharides containing galactose and mucin. Mass spectrometric analysis revealed
about 50% of amino acid sequence of CCL, which showed similarity with a lectin isolated from Aplysina
lactuca. Secondary structure consisted of 10% a-helix, 74% (3-sheet/B-turn and 16% coil, and this pro-

file was unaltered in a broad range of pH and temperatures. CCL agglutinated Staphylococcus aureus, S
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epidermidis and Escherichia coli, and it was able to reduce biofilm biomass, but showed no inhibition of
planktonic growth of these bacteria. CCL activity was inhibited by a-lactose, indicating that Carbohydrate
Recognition Domain (CRD) of the lectin was involved in antibiofilm activity.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Lectins represent a class of proteins with ability to bind to
specific sugars in a non-catalytic way. The lectins are ubiquitous
proteins, being found in all living organisms. In Porifera phylum,
approximately fifty lectins were isolated and biochemically char-
acterized [1].

Interestingly, lectins from marine sponge showed a broad spec-
trum of biological activities [1]. For instance CaL, a lectin isolated
from Cinachyrella apion, showed high growth inhibition for HeLa,
reducing cell growth at a dose dependent manner [2]. Other lectin,

* Corresponding author at: BioMar-Lab, Departamento de Engenharia de Pesca,
Universidade Federal do Ceara, Av. Mister Hull, 60440-970, Box 6043, Fortaleza,
Ceara, Brazil.
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0141-8130/© 2017 Elsevier B.V. All rights reserved.

CvL, isolated from Cliona varians, inhibited the growth of human
leukemia cells, but no effect on heath blood lymphocytes was
observed [3].

Moreover, lectins from marine sponges are involved in self-
defense of the organism, since several lectins are able to recognize,
agglutinate and inhibit growth of bacterial cells and biofilms [1].
ALL, a lectin isolated from Aplysina lactuca, agglutinated Gram-
positive and Gram-negative bacterial cells, and it were able to
reduce the biomass of bacterial biofilms at dose-dependent effect
[4]. On the other hand, a lectin from Cliona varians (CvL) displays a
cytotoxic effect on Gram-positive bacteria, but did not affect Gram-
negative bacteria [5].

In addition to marine sponges, others invertebrate lectins have
showed interesting biological properties [6,7]. MytiLec isolated
from Mytilus galloprovincialis showed a dose-dependent cytotoxic
effect on human Burkitt lymphoma Raji cells [8], whereas ADEL
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from Aplysia dactylomela eggs was able to agglutinate and inhibit
biofilm formation of Staphylococcus aureus [9].

Chondrilla caribensis Ruetzler, Duran & Piantoni (2007) is a gray-
ish to chestnut and purplish brown sponge commonly found in
marine reefs, where it inhabits solid substrate such as rock, conch
shells and red-mangrove stilt roots. In this work, we reported the
purification and biochemical characterization of new lectin from C.
caribensis with antibiofilm activity.

2. Material and methods
2.1. Animal collection

C. caribensis specimens were collected in the intertidal zone in
the Paracuru beach, Cear4, Brazil. The animals were transported in
plastic bags to the lab and stored at —20 °C until use. The species was
identified, and a voucher was deposited (ID: UFPEPOR2254) at the
Zoology Department of the Universidade Federal de Pernambuco,
PE, Brazil. Collections were authorized and certified by responsible
environmental institutions (SISBIO ID: 33913-8).

2.2. CCL purification

Frozen sponges were freeze-dried and triturated to a fine pow-
der. Sponge powder was soaked with ten volumes (w:v) of 50 mM
Tris-HCl, pH 7.6, containing NaCl 150 mM and PMSF 0.1 mM (TBS),
and maintained under agitation for 30 min at room temperature.
Then, material was centrifuged at 8000xg for 20 min at 4°C, and
the supernatant, named crude extract, was stored at —20°C until
the use.

Crude extract was loaded into HCl-activated Sepaharose™ 6B
column (1.0 x 10.0 cm), previously equilibrated with TBS. Unbound
proteins were washed with same buffer and the lectin was recov-
ered through elution with 0.2 M lactose in TBS. Fractions eluted
with lactose in TBS were pooled, dialyzed against distillated water,
freeze-dried and stored until the use.

Chromatography was conducted at flow rate of 1 mLmin~!, and
monitored by measurement of absorbance at 280 nm 2-mL frac-
tions were collected.

2.3. Hemagglutinating activity and inhibition

Hemagglutinating activity and inhibition assays was carried
according to pre-established methods [10]. Erythrocytes from
human (A, B and O) and rabbit were used in their native and pro-
tease (trypsin and papain) treated forms.

In the inhibition assay, the following sugars and
glycoproteins were used: D-xylose, D-ribose, L-fucose, L-
arabinose, L-rhamnose, D-galactose, D-mannose, D-glucose,

D-glucosamine, D-galactosamine, N-acetyl-pD-glucosamine,
N-acetyl-p-galactosamine, D-galacturonic acid, D-fructose, D-
sucrose, D-melibiose, «-D-lactose, [-p-lactose, D-lactulose,
D-maltose, D-raffinose, methyl-a-D-galactopiranoside,
methyl--D-galactopiranoside, methyl-f3-b-thiogalactose, phenyl-
[3-p-galactopiranoside, 4-nitrophenyl-a-p-galactopiranoside,
4-nitrophenyl-[3-p-galactopiranoside, 2-nitrophenyl-3-p-
galactopiranoside, O-nitrophenyl-3-p-galactopiranoside, bovine
submaxillary mucin (BSM), porcine fetuin and porcine stomach
mucin (PSM) type 2 and 3.

The effect of the pH, temperature and divalent ions on hemag-
glutinating activity of CCL was evaluated as described by Sampaio,
Rogers, & Barwell [10].

2.4. Molecular mass determination and sugar content

Molecular mass of CCL under denaturing conditions was
estimated by SDS PAGE [11], in the presence and absence of [3-
mercaptoethanol. LMW-SDS marker kit (GE Healthcare, UK) was
used as standard.

Native molecular mass of CCL was estimated by size exclu-
sion chromatography (SEC) on BioSuite 250 HR SEC column
(0.78 x30cm, 5pwm particle size, Waters Corp.) coupled to an
HClass UPLC system (Waters Corp, MA, USA). 200 g of CCL were
applied into the column, previously equilibrated with TBS. The
column was calibrated with BSA (66 kDa), ovalbumin (45 kDa), car-
bonic anhydrase (29 kDa), trypsnogen (24 kDa), and ribonuclease A
(13.7 kDa).

Molecular mass of CCL was determined by Electrospray ioniza-
tion - Mass Spectrometry (ESI-MS), conform described by Carneiro
et al. [4] using a hybrid Synapt HDMS mass spectrometer (Waters
Corp., Milford, MA, USA). The instrument was calibrated with
[Glu1]fibrinopeptideB fragments. Mass spectra were acquired by
scanning at m/z range from 500 to 3000 at 1 scan/s.

Free and total cysteines in CCL were quantified conform
described by Carneiro et al. [4].

Neutral carbohydrate content in CCL was evaluated, as described
by Dubois et al. [12], using lactose as the standard.

2.5. Tandem mass spectrometry (MS/MS) of tryptic peptides

Digestion with trypsin and peptide extraction was carried out
as described by Shevchenko et al. [13]. Tryptic peptides were sep-
arated on a reverse phase C-18 (0.075 x 100 mm) nanocolumn
coupled to a nanoAcquity system. The eluates were analyzed in a
hybrid mass spectrometer (ESI-Q-ToF) (Synapt HDMS, Waters Corp.
MA, USA). The instrument parameters were adjusted as described
by Carneiro et al., [14].

Collision induced dissociation (CID) spectra were manually
interpreted, and sequenced peptides were searched online against
NCBI and Uniprot protein databanks.

2.6. Circular dichroism analysis

Circular Dichroism (CD) spectroscopic measurement was per-
formed on aJascoJ-815 spectropolarimeter (Jasco International Co.,
Tokyo, Japan) connected to a peltier with controlled temperature
conform described by Carneiro et al., [9].

The effect of the pH on the CCL secondary structure was deter-
mined by incubation of the lectin in different pH values (2, 4, 7,
9 and 12) for 1 h followed by CD measurements. The effect of the
temperature on the CCL secondary structure was determined by
CD measurements in different temperatures (20, 37, 56, 72 and
95°C). The effect of sugars in the CCL fold was observed by CD
measurements in the near UV, conform described by Carneiro et al.,
[9].

2.7. Antibacterial activity

2.7.1. Strain and culture conditions

Three reference strains from the American Type Culture Collec-
tion (ATCC) were used in this study: Staphylococcus aureus ATCC
25923, Staphylococcus epidermidis ATCC 12228 and Escherichia coli
ATCC 11303.

Bacteria were grown in Trypticase Soy Agar medium (TSA;
Himedia, India) and incubated at 37°C for 24 h. After growth on
TSA, isolated colonies were inoculated in 10 mL of Trypticase Soy
Broth (TSB; Himedia, India) and incubated under constant agitation
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at 37°C for 24 h. Then, the bacterial suspensions were prepared in
TSB adjusted at a cell density of 2 x 108 cfu/mL.

2.7.2. Bacterial agglutination

The bacteria were grown in TSB at 37 °C for 24 h and harvested
by centrifugation at 2000xg for 10 min. Agglutination assays were
performed as described by Melo et al. [15].

2.7.3. Effects of CCL on planktonic cells

The antibacterial activity of CCL was evaluated by the microdi-
lution method according to the Clinical and Laboratory Standards
Institute document M07-A9, with some modifications [16,17].

2.7.4. Effect of CCL on biofilm formation

The methodology used to evaluate the effects of the lectin
on biofilm formation was based on the microtiter plate test
described by Stepanovic et al. [18] with some modifications. The
cellular suspensions adjusted 2 x 106 cells mL~! were transferred
to 96-well microtiter plates (100 L per well) and then added
CCL in different concentrations (7.8-250 wgmL-1). To promote
biofilm development, the plates were incubated for 24 h at 37°C.
The biofilm formation was evaluated by two distinct methods:
biomass quantification by crystal violet staining and enumeration
of biofilm-entrapped viable cells.

2.7.4.1. Quantification of the biofilm biomass. The biomass of the
biofilms formed in presence and absence of the lectin was ana-
lyzed using the crystal violet staining method. For that, the wells
containing the biofilms were washed twice with 200 p.L with ultra-
pure water to remove weakly adherent cells and left to air dry. The
biofilms were then fixed with 200 p.L of 99% methanol for 15 min.
After 15 min, the methanol was removed, the wells were dried at
room temperature and then 200 L of crystal violet stain (1%, v/v)
were added to the wells and after 5 min, the excess of crystal vio-
let was removed. After the staining step, the plates were washed
and air dried for approximately 20 min. Lastly, 200 p.L of acetic acid
(33%, v/v) were added to each well to solubilize the bound crys-
tal violet. The absorbance of each well was measured at 590 nm
(ODsgp) using a microplate reader (SpectraMax® 3).

2.7.4.2. Quantification of biofilm-entrapped cells. In order to deter-
mine viability of biofilm-entrapped cells treated and untreated
with CCL, the wells were washed twice with 200 L of ultra-
pure water and the biofilm suspensions removed by sonication for
10 min and then serially diluted and plated on TSA [16]. After incu-
bation at 37°C for 24 h, the total number of colony-forming units
(CFUs) was quantified and expressed as CFU/mL.

2.7.5. Effect of lactose on antibiofilm activity of CCL

To verify the role of the carbohydrate recognition domain (CRD)
on the antibiofilm activity of CCL, the lectin (250 wgmL~') was
incubated with 100 mM a-lactose at 37 °C for 1 h. After incubation,
the biofilm of S. aureus and S. epidermidis were developed in pres-
ence of CCL with or without a-lactose. The biofilm formation was
evaluated by biomass quantification as described previously.

2.7.6. Statistical analysis
Statistical analyses were performed by GraphPad Prism® ver-
sion 5.0 for Microsoft Windows"®. Data from all assays were

Table 1
Purification of CCL.

M 1 M 2

97
66

45

20

14

Fig. 1. SDS-PAGE of purified CCL. SDS-PAGE 15%. M) Molecular Marker. 20 pg of CCL
were applied in the absence (1) and presence of 3-mercaptoethanol (2).

compared using one-way analysis of variance (ANOVA), with Bon-
ferroni post hoc test. Data were considered significant when
P<0.05.

3. Results
3.1. CCL purification

The crude extract of C. caribensis showed hemagglutinating
and hemolytic activity against all tested erythrocytes. In affinity
chromatography, CCL was adsorbed in the Sepharose matrix, and
it was successfully recovered by elution with lactose (data not
shown). Nevertheless, hemagglutinating activity was observed in
non-retained fractions. CCL was purified 21 times and represented
34% of the total hemagglutinating activity of the extract (Table 1)

In SDS PAGE, under non-reducing and reducing conditions, CCL
exhibited one single band with apparent molecular mass of 17 kDa
(Fig. 1).

3.2. Hemagglutinating and inhibition

CCL agglutinated all tested erythrocytes with preference for
rabbit erythrocytes. Moreover, enzyme treated-erythrocytes were
better agglutinates than those non-treated (Table 2).

Among all tested sugars, only lactose, lactulose at concentration
of 100 mM, fetuin, BSA, PSM type 2 and 3 were able to inhibit CCL
hemagglutinating activity (Table 3).

Fraction Volume (mL) Titer (HUmL™') Protein total (mg) Hemagglutinating activity total (HU) Specific activity (HUmg~') Purification (fold) Yield (%)
Crude extract 50 128 395 6400 16.2 1 100
CCL 17 128 6.3 2176 346 21 34
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Table 2
Hemagglutinating activity of CCL against distinct erythrocytes.

Erythrocyte/treatment Non-treated Enzyme-treated
Trypsin Papain
Human A 256 512 512
Human B 256 512 512
Human O 256 512 512
Rabbit 512 1024 1024

Suspension of erythrocytes were prepared at 3%; Hemagglutination was expressed
in titer of hemagglutination.

Table 3

Inhibitory substance of CCL.
Sugar Mic?
a-lactose (GalB1 — 4a-Glc) 100 mM
B-lactose (GalB1 — 4B-Glc) 100 mM
Lactulose (Galf31 — 4Fru) 100 mM
Glycoproteins
BSM 32 pgmL-!
Fetuin 16 pgmL~!
PSM type 2 8pugmL!
PSM type 3 8 pugmL-!

2 Minimal Inhibition Concentration.

3.3. Effect of the pH, temperature and divalent cations on
hemagglutinating activity

Maximum activity of CCL was observed at pH 9, below and above
pH 9 hemagglutinating activity decreases, at pH 10 residual activity

was observed, while at pH 4 there was complete loss of activity
(data not shown).

CCL is a high thermostable protein. Only after boil for 60 min its
activity was fully lost. EDTA, CaCl, and MnCl; did not affect CCL
activity.

3.4. Molecular mass determination and sugar content

ESI-MS revealed molecular mass of 15,445 +2 Da with slight
differences around this value, indicating the presence of micro-
heterogeneities in the amino acid sequence of CCL (Fig. 2).

No cysteine was found in CCL structure, since no mass shift were
observed by ESI-MS after treatment with iodoacetamide (IAA) and
dithiothreitol followed of IAA (data not shown).

In size exclusion chromatography, CCL was eluted as a sharp
and symmetrical peak of 54 kDa, suggesting an oligomeric struc-
ture composed of four identical 15kDa subunits linked by weak
interactions (Fig. 3).

The phenol-sulfuric acid assay indicated that CCL is a glycopro-
tein with 5.2% of neutral carbohydrate.

3.5. MS/MS

Six peptides were sequenced by MS/MS (Table 4). Together,
these peptides correspond to approximately 50% of the amino acid
sequence of CCL. Peptides T1, T2 and T-4 showed slight similar-
ity with peptides from ALL, a lectin isolated from marine sponge
Aplysina lactuca. T1 and T2 showed 75% and 62% of identity with T6
from ALL, whereas T4 presented 50% of identity with ALL T5 (data
not shown).

i 15445 1.53e5
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15507
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Fig. 2. Molecular mass determination of CCL by Electrospray ionization mass spectrometry (ESI-MS). A) Deconvoluted ESI-MS of CCL. The lectin (10 pmol pwL-1) was dissolved
in Acetonitrile 50% containing 0.2% formic acid and infused into the NanoESI source coupled to an ESI-Q-ToF mass spectrometer.
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Fig. 3. Size exclusion chromatography of CCL. Approximately 200 g of CCL were loaded into BioSuite 250 HR SEC column (0.78 x 30 cm, 5 pm particle size, Waters Corp.).
The column was equilibrated and eluted with 50 mM Tris-HCl, pH 7.2, containing NaCl 150 mM. UPLC operated at flow of 0.5 mLmin-1. Insert. Column calibration: 1. BSA
(66 kDa); 2. Ovoalbumin (45 kDa); Carbonic anhydrase (29 kDa); 4. Trypsinogen (24 kDa); 5. Lisozyme (14,3 kDa).
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Table 4
Peptides originated by digestion of CCL with trypsin.
Peptide Amino acid Sequence Mass A (Da)
Observed Calculated
T-1 [L/I]JPVNSVQR 911.47 911.52 0.05
T-2 [L/1]PVNSVK 755.34 755.45 0.11
T-3 GVGQSATAVYTAPGDGR 1605.74 1605.77 0.03
T-4 S[L/I]DGHFA[L/I][L/I]ADG[L/I|QVATYDHR 2298.05 2298.13 0.13
T-5 VATVS|[L/I]PR 841.46 841.50 0.04
T-6 TD[L/IJN[L/1][L/I]DADGGYV[L/IJHEDYR 2196.00 2196.04 0.04
4
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Fig.4. CD spectraof CCL.(A) Far-UV CD spectra (200-250 nm) of CCL incubated at different pH. (B) Far-UV CD spectra (200-250 nm) of CCL incubated at different temperatures

(°C). (C) Near-UV spectra (250-320 nm) of CCL in the presence of sugars.

3.6. Dichroism circular

CD spectra of native CCL exhibited one minimum at 217 nm,
suggesting a predominance of [3-conformation in its secondary
structure. The prediction method CONTIN [19] indicated that the
theoretical secondary structure consisted of 10% «-helix, 74% -
sheet/B-turn and 16% coil.

No significant modifications in the maximum and minimum
absorption were observed when CCL was incubated in pH 2-10.
The secondary structure of the lectin at pH 12 was slightly affected
(Fig. 4A)

No significant changes in secondary structure were observed
between 20°C and 75°C, but after heating at 95°C deep modifi-
cations were detected in the maximum and minimal absorptions,
indicating loss of secondary structure. Curiously, when a CCL 95°C
heated-aliquot was cooled at 20°C, and CD measurements were
performed, it was observed a partial recuperation of secondary
structure (Fig. 4B).

CD measurements in the far-UV revealed that sugars galactose,
a-lactose, melibiose and lactulose caused distinct changes in the
minimum and maximum absorption values (Fig. 4C).

3.7. Antibacterial activity and bacterial agglutination

CCL was able in agglutinate all strain cells tested, S. aureus, S
epidermidis and E. coli (Fig. 5). However, CCL did not show inhibition
of planktonic growth (data not shown).

3.8. Effect of CCL on biofilm formation

The results of total activity of CCL on biofilm formation are
shown in Fig. 6. For total biomass quantification, CCL caused signif-
icant reductions in the total biomass in the highest concentrations
tested, compared to the negative control (Fig. 6A, C and E). Regard-
ing number of biofilm-associated cells, after contact of the adhered
cells with CCL for 24 h no reduction in the number of cells was
observed (Fig. 6B, D and F).

3.9. Effect of lactose on CCL antibiofilm activity

In general, the reduction of biofilm biomass caused for CCL was
abolished in presence of 100 mM «-lactose (Fig. 7). As expected CCL
at 250 ugmL~! caused significate reduction of biomass biofilm of
S. aureus and S. epidermidis. However, in presence of 100 mM «-
lactose the activity of CCL on S. aureus was completely abolished,
CCL incubated with lactose did not show significant difference
compared with control (biofilm formed without CCL) (Fig. 7A).
Regarding S. epidermidis biofilm, the activity of CCL was partially
inhibited (Fig. 7B). Interestingly, the biomass biofilm of both species
was increased in presence of 100 mM a-lactose.

4. Discussion

A new lectin from marine sponge C. caribensis was successfully
purified by affinity chromatography on HCl-activated Sepharose.

Besides hemagglutinating activity, C. caribensis crude extracts
showed strong hemolytic effect. After heat treatment (boiling
of the extract at 100°C for five minutes), hemolytic effect was
not observed, but hemagglutinating activity remains. Galactose-
containing carbohydrates (data not shown) weakly inhibited the
lectin present in the boiled material, therefore, affinity chromatog-
raphy was chosen to performer purification.

HCl-activated Sepharose was chosen because it is an excellent
media for isolation of galactose-binding lectins, as reported else-
where. [5,9,20,21].

Marine sponge are excellent sources of galactophilic lectins and
therefore, several lectins have been isolated from marine sponges
throughout affinity chromatography using galactose and its deriva-
tives [5,22,23,24], including a galactose-binding lectin isolated
from Chondrilla nucula (CN lectin) [25].

CN lectin and CCL shared some properties: 1) both lectins are
homotetrameric, formed by four identical subunits linked by weak
interactions; 2) they are stable at variation of pH and temperature
and 3) they are glycoproteins. These lectins seem to diverge in an
important aspect: the sugar specificity.

CCL was only inhibited by galactose-containing disaccharides,
such as lactose and lactulose. Moreover, some O-linked glycopro-
teins composed of galactose, GalNAc and fucose residues [26] were
able to inhibit CCL, while CN lectin was inhibited by monosac-
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Fig. 5. Agglutination of Gram-positive and Gram-negative bacteria by CCL. S. aureus (A) S. epidermidis (C) and E. coli (E) cells incubated with TBS; S. aureus (B) S. epidermidis
(D) and E. coli (F) cells incubated with CCL at (500 g mL-1). Arrows indicate bacterial agglutination.

charaides, including galactose and GalNAc [25]. Recently, we have
isolated a lectin from marine sponge Aplysina lactuca (ALL), which
has similar inhibition profile that one showed by CCL [4].

Besides, resembling specificities ALL and CCL share similarity
of amino acid sequence. Currently, ALL is an orphan lectin, but it
showed slight identity and shares some common properties with
lectin-1 from marine sponge Axinella polypoide [4]. Possibly, ALL,
lectin-I1 and CCL are members of a new lectin family, but to consol-
idate this family complete amino acid sequence of ALL and CCL is
required.

The carbohydrates that inhibit CCL hemagglutinating activity
showed high values of MIC, but, interestingly, some these sugars
causes great changes in CCL tertiary structure, conform observed in
CD measurements, suggesting that the interaction between CCLand
carbohydrates may be deeper than the inhibition assay indicates.

For instance, galactose showed no inhibitory effect in hemagglu-
tinating inhibition assay, but its presence alters considerably CCL
profile in CD measurement. On the other hand, lactulose caused
inhibition of CCL, but showed slight effect on the CD assay.

Maximum values in far-CD were observed at wavelengths that
aromatic amino acids usually absorb (i.e. 280 nm for Tryptophan,
260 nm for Tyrosine, and 240 nm for Phenylalanine). Modifications
in the absorption of these wavelengths in the presence of sugars
suggest that these amino acids are involved in carbohydrate recog-
nition. In fact, several lectins have aromatic amino acids in their
active sites; these residues directly interact with sugars by weak
interactions [27,28].

Moreover, CD measurements helps us to understand the ther-
mostability showed by CCL, which was just inactivated after boiling

Please cite this article in press as: D.N. Marques, et al., Int. J. Biol. Macromol. (2017), https://doi.org/10.1016/j.ijbiomac.2017.11.140



https://doi.org/10.1016/j.ijbiomac.2017.11.140

G Model
BIOMAC-8620; No.of Pages 10

D.N. Marques et al. / International Journal of Biological Macromolecules xxx (2017 ) xXx-xxx 7
A B
1.0 8-
0.8 l
=1 6+ — — —
: T 14 2l mmEm e
E 0.6 >
3 * O 41
g 0.4 N S
% e
0.2 I‘T'l = @
00 L] ﬁ L] L] T 1 T 0 L] T L] L] ] L] L] L]
> O N \) © L) > N} \2) © E)
& P N &S SRS R
(@) (¢
[]pg.mL" []ug.mL"
C D
0.5+
10+
0_4-1 8'-'____—.__
£ * _El
S 0.34 5 2 S 6
2 2
D *
s 0.2+ =) A
o s @
0.1 3
= 17 2_
0.0 T T T T T 0 T T T T T T T T
> S S o ¥ % N
p (,\60 2& fﬁ) y{l’ é]y “.)'\ ,\6) A Q‘éo Q)QQ (ﬁ)Q y\q?) %‘L' ,.,J'\q' ,8)'6 '\tb
C ®
[1pg.mL" [1upg.mL"
E F
0.5+ 8-
0.4
- 6
£ T _T_ = £
E  0.3- )
2 * S 4
8 0.2 s
o
- 24
0.14
0-0 T 1 T 1 ] L ] ] 0 T T T T T T T T
» Q A\ \2) © 5] > N A\ \) ) © o)
oééo I N % q,"ry N A 0560 NS "b\‘} oA
€ [¢)
[1pg.mL" [1ug.mL"

Fig. 6. Activity of CCL against biofilm formation (24 h) of Gram-positive and Gram-negative bacteria. Total biomass quantification measuring the intensity of crystal violet
stain for S. aureus (A), S. epidermidis (C) and E. coli (E) biofilms; colony forming units per mL for S. aureus (B), S. epidermidis (D) and E. coli (F) biofilms. *Significantly different
(p<0.05) compared to the control group. Error bars display standard deviation (SDs) of the means.

for 1 h, whereas most lectins from marine source retain their activ-
ities in temperatures below 60°C [14,29,30,31].

Commonly, protein stability is associated to some peculiar
structural feature, such as disulfide bonds, but CCL possess no
disulfide bond, second observed in ESI-MS. Then, it is possible
that weak interactions compensate the absence of disulfide bonds
through of the maintenance of a globular and compact structure
even if the lectin was exposed to high temperatures. CCL is rich
in B-conformations and few structures disordered were observed.

Several lectins are rich in $-conformations, for instance the (3-
sandwich structure is probably the structure most commonly found
in lectins. To our knowledge, few lectins showed (3-conformations
rates greater than CCL.

Sponge lectins have shown agglutination and potential antimi-
crobial activity against Gram-positive and Gram-negative bacteria
[4,5,22,32]. In fact, some lectins may recognize and bind to glycans
on cell surfaces, cell wall polysaccharides and interact with bac-
terial lipopolysaccharides (LPS) or with the extracellular matrix of
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Fig. 7. Inhibitory effect of lactose on biomass biofilm reduction caused by CCL. Total biomass quantification measuring the intensity of crystal violet stain for S. aureus (A)
and S. epidermidis (B) in presence of CCL (500 pgmL~!); CCL (500 pg mL~") incubate with 100 mM a-lactose or 100 mM a-lactose alone. *Significantly different (p <0.05)
compared to the control group. # Significantly different (p <0.05) compared to the CCL + a-lactose group. Error bars display standard deviation (SDs) of the means.

microorganisms [33-36]. Furthermore, according Gardéres [1] the
ability of sponge lectins to bind specific carbohydrates in bacterial
cells could potentially be used to develop new antimicrobial agents.
In this study, CCL did not inhibited the planktonic growth, but
caused agglutination of Gram-positive and Gram-negative bacteria.
Others lectins have been similar activity [4,9]. ADEL caused agglu-
tination in bacterial cells of S. aureus, however, did not inhibit the
planktonic growth [9]. Interestingly, ALL agglutinated S. aureus and
E. coli cells and was not able to inhibit the planktonic growth [4].

CCL showed a significant reduction of the total biomass on
S. aureus, S. epidermidis and E. coli biofilms. However, corrobo-
rating with planktonic results, CCL did not reduced the viability
of the biofilm-entrapped cells. Biofilms are described as micro-
bial communities adhered to each other covered with a polymeric
extracellular matrix produced by microorganisms themselves [37].
The biofilm resistance is reportedly up to 1041000 fold greater
when compared with planktonic cells, protection conferred by
biofilm matrix polymers [38]. The biomass of the biofilm consists
of both bacterial cells and the biofilm matrix and in most biofilms
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whereas the matrix can account for over 90% of the total biomass
[39].

CCL activity was inhibited by a-lactose, suggesting that the CRD
isinvolved in the antibiofilm activity. According Paiva et al. [40] the
antibacterial activity of lectins occur due the specific recognition
of components of the bacterial surface. Some studies reported that
lectins could inhibit biofilm formation by interaction with bacterial
cells constituents of the biofilm and alter the expression of genes
associated with virulence and biofilm formation [16,41,42].

Thus, according to the results obtained in this study, reduction
of the biofilm biomass caused by CCL can be considered a promising
activity, considering that its effect could prevent the emergence of
drug resistant strains, by the fact it does not eliminate pathogens
directly.
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