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RESUMO

O objetivo foi identificar e caracterizar compostos com acdo antioxidante e atividade
antimicrobiana presentes em folhas de S. tuberosa, além disso, foi avaliado a forma de atuagéo:
efeitos do exrato hexano na producdo de superoxido, potencial da membrana mitocondrial e
lisossomal, e da externalizacdo da fosfotidilserina. Extrato hexanico (EH) das folhas teve sua
composicdo quimica avaliada por cromatografia de camada delgada (CCD), cromatografia
liquida de alta eficiéncia (CLAE) e ressonancia magnética nuclear *H (RMN). O potencial
antioxidante utilizou métodos de sequestro dos radicais livres DPPH (2,2-difenil-1-picril-
hidrazila) e ABTS (2,2-azinobis-[3-etil-benzotiazolina-6-acido sulfénico]). Atividade
antifungica de EH foi avaliada contra espécies de Candida e de Cryptococcus. Adicionalmente,
a atividade hemolitica foi avaliada. A partir de extrato salino do peciolo das folhas, foi isolada
por cromatografia em coluna de quitina uma lectina (StLPL, do inglés S. tuberosa leaf petiole
lectin) e caracterizada quanto ao perfil em eletroforese em gel de poliacrilamida em condicdes
desnaturantes (SDS-PAGE), especificidade de ligacdo a carboidratos, efeito de variacOes de
temperatura e pH e presenca de cations divalentes na atividade hemaglutinante (AH). Ainda, a
atividade antibacteriana da lectina contra fitopatogenos do género Pectobacterium foi
investigada. EH contém flavondides, taninos hidrolisaveis, saponinas e terpenos. O perfil em
CLAE indicou a presenca de hiperosideo (1,27 + 0,0128 g%) e acido galico (0,28 + 0,0076
g%). O espectro de *H RMN mostrou a presenca de acidos graxos saturados e insaturados. EH
apresentou atividade antioxidante nos ensaios de DPPH (ICso: 234 pug /mL) e ABTS (ICso:
123,33 pg /mL) ¢ foi capaz de inibir o crescimento de Candida albicans, Candida glabrata,
Cryptococcus neoformans e Cryptococcus gattii com concentracdo minima inibitoria (CMI) de
2,0, 0,078, 0,78 e 3,12 mg/mL, respectivamente. O tratamento das células de C. glabrata, C.
gattii e C. neoformans com EH resultou em aumento dos niveis mitocondriais do anion
superdxido, bem como causou hiperpolarizacéo (C. glabrata) ou despolarizacao (C. gattii e C.
neoformans) da membrana mitocondrial e comprometimento da membrana lisossomal. O
extrato induziu apoptose das células de C. gattii. Foi detectada uma fraca atividade hemolitica
sobre eritrocitos humanos (ECso: 740,8 pg/mL). StLPL foi isolada com fator de purificacdo
1,49, apresentou uma Unica banda polipeptidica de aproximadamente 21 kDa em SDS-PAGE
e sua AH foi inibida por fetuina. A lectina permaneceu ativa apds aquecimento até 100 °C e em
ampla faixa de pH (3,0 a 12,0) e foi estimulada na presenca de Mg?*. StLPL apresentou
atividade bacteriostatica (CMI de 80 a 160 pg/mL) contra P. carotovorum brasiliensis, P.

carotovorum carotovorum e dois isolados (Pectobacterium sp.) obtidos de ricula e alface. Agéo



bactericida foi detectada contra o isolado de racula. Em conclus&o, o extrato hexanico de folhas
de S. tuberosa (contendo metabolitos secundérios e &cidos graxos) apresentou atividade
antioxidante moderada e agdo antifingica sobre espécies de Candida e Cryptococcus por causar
danos a nivel mitocondrial e lisossomal; ainda, o peciolo das folhas contém StLPL, uma lectina
termoestavel ativa contra bactérias fitopatogénicas. Descritos pela primeria vez, os resultados
demonstram o potencial do umbuzeiro em fornecer moléculas de relevancia biomedica,

estimulando sua valorizagéo e conservagéo.

Palavras-chave: Umbuzeiro. Candida. Cryptococcus. Lectina. Hiperosideo.



ABSTRACT

The objective of this thesis was to identify and characterize compounds with antioxidant action
and antimicrobial activity present in leaves of S. tuberosa. In addition, it was evaluated the
effect of exutote hexane on superoxide production, mitochondrial and lysosomal membrane
potential, and of externalization of phosphotidylserine. The hexane extract (HE) of the leaves
had its chemical composition evaluated by thin layer chromatography (TLC), high performance
liquid chromatography (HPLC) and *H nuclear magnetic resonance (NMR). The antioxidant
potential was evaluated by free radical DPPH (2,2-diphenyl-1-picryl-hydrazyl) and ABTS (2,2-
azinobis- [3-ethyl-benzothiazolin-6-sulfonic acid]) scavenging activites. Antifungal activity of
HE was evaluated against Candida and Cryptococcus species. Additionally, the hemolytic
activity was evaluated. A lectin (StPLL, S. tuberosa leaf petiole lectin) was isolated from leaf
petiole extract by chitin column chromatography and was characterized for polyacrylamide gel
electrophoresis profile under denaturing conditions (SDS-PAGE), carbohydrate binding
specificity and effect of temperature and pH variations besides the presence of divalent cations
in its haemagglutinating (HA) activity. Furthermore, the antibacterial activity of lectin against
phytopathogens of the genus Pectobacterium was investigated. HE contained flavonoids,
hydrolysable tannins, saponins and terpenes. The HPLC profile indicated the presence of
hyperoside (1.27+0.0128 g%) and gallic acid (0.28+0.0076 g%). The *H NMR spectrum
showed the presence of saturated and unsaturated fatty acids. HE showed antioxidant activity
in the DPPH (ICso: 234 ng/mL) and ABTS (ICso: 123.33 ng/mL) assays and was able to inhibit
the growth of Candida albicans, Candida glabrata, Cryptococcus neoformans and
Cryptococcus gattii with minimal concentration (MIC) of 2.0, 0.078, 0.78 and 3.12 mg/mL,
respectively. The treatment of C. glabrata, C. gattii and C. neoformans cells with HE resulted
in increased mitochondrial levels of the superoxide anion, as well as caused hyperpolarization
(C. glabrata) or depolarization (C. gattii and C. neoformans) of the mitochondrial membrane,
and lysosomal membrane damage. In addition, the extract induced apoptosis of C. gattii cells.
A weak hemolytic activity was detected on human erythrocytes (ECso: 740.8 pg/mL). StLPL
was isolated with a purification factor of 1.49, presented a single polypeptide band of
approximately 21 kDa in SDS-PAGE and its HA was inhibited by fetuin. The lectin remained
active after heating at 100 °C and at a wide pH range (3.0 to 12.0) and was stimulated in the
presence of Mg?*. StLPL presented bacteriostatic activity (MIC of 80 to 160 pg/mL) against P.
carotovorum brasiliensis, P. carotovorum carotovorum and two isolates (Pectobacterium sp.)

obtained from arugula and lettuce. Bactericidal action was detected against the arugula isolate.



In conclusion, the hexane extract of leaves of S. tuberosa (containing secondary metabolites
and fatty acids) showed moderate antioxidant activity and antifungal action on Candida and
Cryptococcus species, causing damage at mitochondrial and lysosomal levels; also, the leaf
petiole contains StLPL, a thermostable lectin active against phytopathogenic bacteria.
Described for the first time the results demonstrate the potential of the umbuzeiro in providing

molecules of biomedical relevance, stimulating its valorization and conservation.

Keywords: Umbuzeiro. Candida. Cryptococcus. Lectin. Hyperoside.
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1 INTRODUCAO

Sdo vérios os problemas de salde que afetam a populacdo humana tais como infeccGes
por microrganismos (fungos, bactérias e virus), doencas imunolodgicas, inflamatorias,
degenerativas, como Alzheimer e o Parkison, e alguns tipos de cancer. Devido a evolugdo de
algumas patologias e resisténcia de microrganismos a alguns medicamentos ja existentes, e a
necessidade de medidas adequadas para cura desses problemas, hd uma grande busca por novas
moléculas com potenciais terapéuticos para tratar, prevenir doencas, bem como, inibir e impedir
0 crescimento de microrganismos pat6genos.

Assim como em seres humanos, existem microrganismos que afetam o desenvolvimento
saudavel da planta causando manchas foliares, cancros e antracnose comprometendo 0s 6rgaos
aereos das plantas (REIS; CASA, 1998; REIS et al., 2004). A perda de plantagdes esta sendo
frequente devido a falta de substancias eficazes no combate a essas pragas, portanto, pesquisa
vem sendo feitas a cerca de encontrar novas moléculas para solucionar este problema.

Essas moléculas estdo sendo isoladas e purificadas de diversas fontes naturais, como
plantas, animais e também microrganismos, e sdao chamadas de moléculas bioativas, ou
produtos naturais. Ja sdo descritas na literatura uma ampla variedade dessas moléculas, com
diversas funcbes biologicas e com mecanismo de acdo ja elucidado. Dentre as acOes
farmacologicas ja citadas estdo as atividades antibacteriana, antifingica, imunomoduladora,
antioxidante, entre outras.

Estes compostos bioativos podem ser produzidos por vias metabdlicas, e sdo produtos
resultantes do metabolismo primario ou do metabolismo secundario. Os metabolitos primarios
sdo responsaveis pela estrutura, plasticidade e armazenamento de energia, tais como os lipideos,
carboidratos e proteinas; dentre essas ultimas, sdo encontradas as lectinas, que sdo proteinas
que se ligam a carboidratos e apresentam diversas atividades biolégicas. Os metabdlitos
secundarios contribuem para a adaptacdo e sobrevivéncias das espécies e sdo responsaveis pela
protecdo das plantas de agentes externos e por liberarem aroma, cor e sabor, servindo como
atrativos para polinizadores. Eles sdo relacionados com processos quimicos especificos para
uma dada espécie ou familia, portanto, ndo sdo universais. As diversas classes de metabolitos
secundarios apresentam inimeras atividades biologicas.

Spondias tuberosa Arruda (umbuzeiro) aparece como uma fonte bastante promissora de
compostos bioativos, pois seu uso popular tem sido descrito no tratamento de infeccdes,
inflamagdes, e prevencdes de doengas. E uma planta endémica da regifo semiarida brasileira, e

tem sobrevivéncia e producdo adaptada sob condi¢do de estresse hidrico. O umbuzeiro
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consagra-se como uma espécie frutifera de grande importancia econémica, social e ecoldgica
para o semiérido nordestino.

Tradicionalmente, a casca do caule do umbuzeiro é utilizada para a lavagem de olhos
infectados, e como digestivo e laxativo. Ha, porém, poucas informacdes cientificas a respeito
de sua eficacia e seguranca de uso. O umbu e outros tecidos do umbuzeiro sdo ricos em
compostos antioxidantes, sendo considerada fonte de carotendides, acido ascorbico, compostos
fendlicos, dentre outros.

Diante do contexto exposto acima, a presente tese teve como objetivo identificar
bioatividades de extratos organicos e lectina de folhas de S. tuberosa, visando agregar
informagdes ao seu potencial terapéutico, sendo o primeiro trabalho a relatar os efeitos
antifugicos, antifitopatégenos e 0os mecanismos de acdo de compostos e proteinas extraidos

desta planta.

1.1 OBJETIVOS

1.1.1 Objetivo Geral

Identificar e caracterizar compostos com a¢fes antioxidante e antifingica em folhas de

Spondias tuberosa.

1.1.2 Objetivos Especificos

e Obter extrato hexanico de folhas de S. tuberosa;

e Determinar e caracterizar a composicao quimica do extrato hexanico por cromatografia de
camada delgada e cromatografia de camada liquida de alta eficiéncia e ressonancia
magnética nuclear;

e Avaliar o extrato hexanico quanto as atividades antioxidante, hemolitica e antifungica
contra espécies de Candida;

e Investigar mecanismos envolvidos na morte celular de Candida glabrata e Cryptococcus
causada pelo extrato hexanico;

e Isolar e Purificar e caracterizar uma lectina a partir de extrato proteico do peciolo das folhas

de S. tuberosa;



Avaliar a atividade antimicrobiana da lectina contra bactérias fitopatogénicas.

17
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2 FUNDAMENTAGCAO TEORICA

2.1 FUNGOS

Fungos sdo seres eucariotos, possuem paredes celulares que contém quitina e glucanos,
sendo exemplos as leveduras, bolores e cogumelos. Tem papel fundamental na decomposi¢édo
de matéria organica e nas trocas e ciclos de nutrientes. Sdo utilizados como fontes de
alimentacdo, como agentes levedantes no pdo e na fermentacdo de alguns produtos como a
cerveja, e 0 vinho, e também como antibidticos e agentes bioldgicos no controle de ervas
daninhas. Porém entre tantos beneficios alguns fungos sdo patdégenos a pessoas e animais, como
espécies de Candida e Cryptococcus (LACAZ et al., 2002; ZOTTI et al., 2015; RIZZON,
CUNHA, VILLAS-BOAS, 2017).

As infecgbes por Candida, tanto mucocutanea quanto sistémica, tém aumentado
significativamente nos Gltimos anos e representam a causa mais comum de infec¢des fungicas
invasivas (PAPON et al., 2013). Dentre as espécies de Candida, destaca-se a Candida albicans,
um patdégeno emergente, que causa doenca invasiva em humanos e resisténcia a multiplos
farmacos, resultando em altos custos de saide em todo o mundo (DADAR et al., 2018). A
plasticidade fenotipica aumenta a capacidade de C. albicans sobreviver sob diferentes
condicdes ambientais e de desenvolvimento. Esta propriedade do fungo é tipicamente baseada
em padrdes variaveis de expressao de genes influenciados pelas condi¢ées de crescimento (RAI
etal., 2018).

Agentes antiflngicos azolicos, como o fluconazol, sdo amplamente utilizados na pratica
clinica contra candidiase (CAMPOY; ADRIO, 2017). No entanto, as terapias convencionais
sdo limitadas e nem sempre sdo bem sucedidas, devido a alta resisténcia aos agentes
antifangicos classicos e toxicidade aos hospedeiros. A elevada incidéncia de infecgdes
fangicas realca a necessidade de pesquisas de desenvolvimento de novas moléculas e produtos
naturais com acdo antifungica (SALCI et al., 2018).

Vérias plantas sdo utilizadas na medicina popular em diversos paises para o tratamento
de infecgbes por Candida. As plantas tem em sua composicdo moléculas que sdo o0s
responsaveis por causar seu efeito antiflgico, estes compostos tém sido isolados de plantas e
testados in vitro para confirmacdo das suas acOes terapéuticas. Entre os testes feitos para acdo
antifingica esta o teste de concentracdo minima inibitoria, que é a menor concentracao de uma
substancia que consegue inibir o crescimento do fungo, entre algumas plantas ja testadas estéo:

horteld-pimenta (0,08 pg/mL), Thymus villosus (0,64 pg/mL), eucalipto (0,05 pg/mL), 6leo de
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capim-limao (0,06 ug/mL), Cinnamomum zeylanicum. (0,01 pg/mL), 6leo de erva-de-gengibre
(0,08 ug / mL) e coentro (0,2 pg/mL) (SOLIMAN et al, 2017).

Cryptococcus sdo fungos saprofiticos, que variam em sua forma, tamanho e estrutura
dependendo do hospedeiro. Em condicdes de laboratério, medem cerca de 5-7 um, mas algumas
células chegam a medir 12 um. S&o poliploides, constituidos por capsulas reticuladas e parede
celular mais grossa com a presenca de quitina (OKAGAKI et al., 2010; ZARAGOZA et al.,
2010). S&o encontradas células desses microrganismos em forma de leveduras, e também em
forma de hifas e pseudo-hifas (MAGDITCH et al., 2012; WANG et al., 2012). Um dos fatores
que podem estar ligados a resisténcia desses microrganismos a antiflngicos é a idade da célula:
as células mais velhas sdo capazes de resistir a fagocitose e morte por fagocitos e sdo resistentes
a drogas antifungicas (BOUKLAS et al., 2013).

Cryptococcus gatti e Cryptococcus neomorfans Sao responsaveis por causar
criptococose e meningite criptococica, infeccdes que séo consideradas fatais para o hospedeiro,
por atingirem o sistema nervoso central (SPRINGER et al., 2017; ALANIO et al., 2015). Esta
infeccdo se d& pela inalacdo de células dessecadas ou por esporos. Os principais fatores que
estdo ligados a viruléncia desses fungos sdo a presenca de uma capsula de polissacarideo, a
producdo de melanina e a capacidade de se reproduzir na temperatura corporal de 37°C
(GUEVARA-CAMPOS et al., 2008). E uma doenca que acomete frequentemente pacientes
imunodepremidos, o que pode ser um fator determinante para pacientes com AIDS (BASTOS
etal., 2017).

Oliveira e colaboradores (2014) testaram o efeito antifingico do extrato aquoso e do
latex de Euphorbia tirucalli in vitro contra dez cepas de C. neomorfans. A concentragdo minima
inibitoria tanto do latex como do extrato variou de 3,2 a 411 pg/mL. Essas amostras nao
provocaram danos no DNA em ceélulas leucocitarias humanas, considerando as concentracdes
testadas.

Alves e colaboradores (2017) testaram a atividade antifungica do eugenol contra C. gatti
e C. neoformans, e os resultados mostraram que ndo houve interacéo, quando associado entre
eugenol e fluconazol e anfotericina B. O eugenol, sem a combinacdo, foi capaz de reduzir o
diametro da célula e o tamanho da capsula, aumentou a superficie/volume da célula e alterou a
carga da superficie celular das cepas criptocdcicas. Foi ainda detectado aumento de espécies

reativas de oxigénio.

2.2 FITOPATOGENOS
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Fitopatdgenos sdo microrganismos que causam doencas em plantas pela secrecéo
de enzimas, toxinas, fitoreguladores, entre outras substancias, ou até mesmo pela absorcéo de
nutrientes da célula. Esses microrganismos podem causar blogueio no transporte de agua e de
nutrientes desde as raizes as folhas ou o fluxo de seiva desde as folhas. Os fitopatdégenos séo
fatores econdmicos importantes devido as grandes perdas de plantas, cujo impacto depende do
valor da cultura, da gravidade do problema, subespécie envolvida, condi¢cGes ambientais,
potencial de indculo e manejo da cultura (MARIANO et al., 2005).

O género Pectobacterium é uma linhagem de bactérias necrotréficas, que atacam o0s
tecidos da planta através da secrecdo de fatores de viruléncia conhecidos como efetores
(proteinas que induzem morte celular) e enzimas que danificam a parede das células vegetais
(LEE et al., 2014). Esses microrganismos causam doenca em 24 familias de angiospermas,
como Solanaceae e Brassicaceae. Sobrevivem no solo, superficie e d&guas subterraneas e tém
sido associados a uma variedade de invertebrados (HARRISON et al., 1987, HOGAN et al.,
2013).

Pectobacterium carotovorum subsp. brasiliensis (Pcb) & um microrganismo
responsavel por causar a doenca chamada de talo oco ou de canela preta em plantas como o
tomateiro (Solanum lycopersicum L.) levando a perda de producdo e/ou ma qualidade dos
frutos. Dias (2016) isolou seis (PM1, PM3, PM4, PM5, PM6 e PM9) cepas de Streptomyces
visando encontrar um antagonista contra Pcb, e avaliar o efeito de reducdo da doenca do talo
oco em plantas de tomate. Os resultados mostram que PM3 foi o isolado mais eficiente quanto
ao antagonismo contra Pcb, e o tratamento com Streptomyces modulou a atividade de enzimas
relacionadas a defesa e diminuiu a incidéncia da doenca do talo oco.

Um peptideo sintético denominado LFchimera foi testado contra cinco bactérias
fitopatogénicas, como Ralstonia solanacearum, Erwinia amylovora, Xanthomonas campestris,
Pseudomonas syringae e Pectobacterium carotovorum, Os resultados revelaram para o teste
em difusdo em disco, que a LFchimera teve efeito contra todas as estirpes bacterianas de uma
maneira dose-dependente com valores baixos de concentragdo minima inibitoria (4 uM)
(CHAHARDOLLI; FAZELI; GHABOOLLI, 2018).

2.3 COMPOSTOS BIOATIVOS DE PLANTAS
Os produtos naturais sdo utilizados ha séculos para o tratamento de diversas patologias

pela populacdo. Diversas atividades biologicas ja estdo descritas na literatura, como atividade

antimicrobiana, antifingica, antitumoral, antioxidante, antibiofilme, entre outras (ZIELINSKI
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etal., 2014; MARISCO; PUNGARTNIK, 2015; ALEZANDRE et al., 2017). Por um tempo, 0
uso desses produtos perdeu espaco para 0s medicamentos sintéticos, mas o alto custo destes
farmacos e os seus efeitos colaterais contribuiram para o ressurgimento da fitoterapia. Portanto,
além da importancia ecolégica dos metabdlitos naturais, devemos considerar também o seu
potencial econdmico (NA-BANGCHANG; KARBWANG, 2014; HERRMANN et al., 2016).

E chamado de droga todo vegetal, animal ou parte (6rgdo, tecidos) ou produtos
derivados, que sofrem algum processo de coleta e preparo e possuam compostos com
propriedades medicinais que sirvam de base para diversos medicamentos. Cada droga possui a
presenca de principios ativos, que apresentam propriedades farmacéuticas (OLIVEIRA et al.,
2007; YORK et al., 2016).

E de suma importancia a identificacio de novos compostos naturais, para conhecer a
utilidade deles como candidatos a prototipos de farmacos inovadores que possam vir a atuar de
forma mais especifica e seletiva, com menos efeitos colaterais. Entre 1981 e 2014 foi aprovada
uma grande quantidade de farmacos (43,6% de farmacos anti-infecciosos e 40,7% de agentes
anticancerosos) baseados em produtos naturais ou seus derivados. Varios avancos tém sido
realizados no estudo de novas moléculas e na sintese de novas drogas derivadas de produtos
naturais, permitindo a formulacdo de novas metodologias mais acessiveis para estes estudos
(HOFFMANN et al., 2013; ROBLES; ROMO, 2014; HARTWIG, 2016).

Ha ainda uma limitacdo quanto a sintese em laboratorio de compostos de origem natural,
tendo em vista sua complexidade. Porém, existem estudos e um grande interesse das indudstrias
farmacéuticas sobre sinteses de produtos naturais em larga escala, além das modificacdes
estruturais deles que podem aumentar o potencial biologico e a farmacocinética, tornando essas
moléculas importantes medicamentos para combater varias infeccbes (TASKER,;
HERGENROTHER, 2016).

Os metabolitos priméarios sao responsaveis pela estrutura, plasticidade e armazenamento
de energia. Estes metabdlitos sdo encarregados de todos 0s processos quimicos que toda planta
faz todos os dias para se desenvolver, sobreviver e reproduzir, tais como a fotossintese, a
glicolise, o ciclo do acido citrico, a sintese de aminoacidos, as transaminacgdes, a sintese de
proteinas, a sintese de materiais estruturais, a duplicacdo do material genético, a reproducéo
celular (crescimento), a absorcdo de nutrientes, entre outros. Também possuem acdes
bioldgicas que podem contribuir com o arsenal de agentes quimicos usados em tratamentos
terapéuticos, tais como proteinas ligadoras de carboidratos, chamadas de lectinas, que ja tem
seu potencial bioldgico contra bactérias e fungos e seu efeito imunomodulador descrito na
literatura (NAPOLEAO, 2012).
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Os metabolitos secundérios sdo substancias produzidas em pequenas quantidades, e, em
contraste com os primarios, nem sempre estdo envolvidos em funcgdes vitais do vegetal ou
mesmo presentes em todos eles. Estes constituintes quimicos sdo extremamente diversos e cada
familia, género e espécie produz uma categoria quimica caracteristica ou uma mistura delas
que, por vezes, pode ser utilizada como caracteres taxondmicos na classificacdo das plantas
(WAKSMUNDZKA-HAINOS et al., 2008).

Os metabdlitos secundéarios sdo produzidos por diversas fontes biossintéticas, sendo as
mais importantes a via do acido chiquimico (fendis, taninos e alcaléides aromaticos), acido
maldnico (fendis e alcaloides), acido mevaldnico (terpenos, esterdides e alcaloides) e acetil-
coA (polipeptidios), como também podem ser produzidos através de moléculas intermediérias,
através de reacdes anabolicas. Para que essas reacdes biossintéticas acontecam, é consumida
muita energia que é obtida através da glicolise e do ciclo do &cido citrico (GARCIA; CARRIL,
2009; PETROVSKA, 2012).

Estes metabdlitos podem ser divididos em trés classes quimicamente diferentes: 1) os
terpenos, que se subdividem em monoterpenos, sesquiterpenos, diterpenos, triterpenos e 0s
tetraterpenos, e tém a funcdo de agentes germinadores, bem como responsaveis pelo aroma e
protecdo de plantas; Il) os compostos fendlicos que sdo responsaveis pelo sabor, odor e
coloracgdo dos vegetais, grupo em que estdo incluidos flavonoides e taninos; e I11) os alcaloides
gue sdo compostos ciclicos com papel importante na formacéo e maturacao das sementes, e séo
responsaveis pelo sabor amargo. Os alcaloides possuem efeito analgésico e atuam no sistema
nervoso central de seres humanos, porém o uso inadequado pode conferir ao individuo
dependéncia, se fazendo necessario o acompanhamento médico (VIZZOTO et al., 2010).

A sintese de metabolitos secundarios é influenciada por diversos fatores: sazonalidade,
ritmo circadiano, desenvolvimento, temperatura, disponibilidade hidrica, radiacéo ultravioleta,
nutrientes, altitude, poluicdo atmosférica, inducdo por estimulos mecanicos ou ataque de
patogenos; todos esses fatores alteram a quantidade e, muitas vezes, até a natureza dos
constituintes presentes no tecido vegetal (GOBBO; LOPES, 2007).

A abrangente atuacdo dos metabdlitos secundarios dos vegetais mostra a necessidade e
a importancia do conhecimento sobre esses compostos. Entender a sua atuacdo pode levar a
inimeras possibilidades de estudos que direcionem a busca da solucdo para importantes
problemas enfrentados atualmente como a resisténcia antimicrobiana as drogas sintéticas ou 0s
prejuizos causados pelo uso desordenado de pesticidas (BEZERRA, 2008).

As plantas séo utilizadas por muitos anos como medicamento para o tratamento de

patologias humanas e seus potenciais terapéuticos ja sdo conhecidos pela sabedoria popular,
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como na comunidade ribeirinha na microrregido do Araguaia do Norte (Mato Grosso, Brasil),
que tem o uso das plantas como o principal, e talvez Gnico, recurso terapéutico para a prevengao
e/ou tratamento de doencas. Foi investigado um total de 309 espécies de plantas pertencentes a
86 familias, onde 73% sédo plantas nativas do Brasil, sendo a familia Fabaceae a mais citada
(RIBEIRO et al., 2017).

Embora exista um ndmero vasto de pesquisas com plantas, somente cerca de 5% tém
sido analisadas fitoquimicamente e seus aspectos bioldgicos tém uma porcentagem ainda menor
de estudos, tendo em vista a quantidade enorme de espécies reconhecidas cientificamente, mais
especificamente 250 a 550 mil, onde, no Brasil, no ano de 2009 estavam descritas apenas 8%
de espécies nativas e 2% de espécies exoticas (CAVALCANTI, 2010; GUIMARAES, 2015).

Atualmente existem diversos estudos cientificos comprovando o conhecimento popular
de varias plantas, de lugares com climas e solos diferentes. Folhas, caules, raizes, sementes,
frutos, talos e cascas vém sendo testados na comunidade cientifica quanto seus potenciais usos
farmacéuticos, e as composic¢des quimicas também vém sendo analisadas para o conhecimento
da existéncia de novas moléculas presentes na natureza responsaveis por essas acOes
terapéuticas (RIBEIRO et al., 2017).

O Brasil apresenta uma rica biodiversidade, sendo uma fonte poderosa para pesquisas
com plantas, distribuidas em seis biomas: Amazodnia, Cerrado, Mata Atlantica, Pantanal, Pampa
e Caatinga, este Ultimo sendo objeto de estudo deste trabalho e de diversos pesquisadores por
possuir uma vegetacdo singular e bastante promissora, embora ainda seja pouco estudada e

subestimada quanto sua capacidade como fonte de compostos naturais (TRETIN et al., 2011).

2.3.1 Taninos

Taninos sdo polifenois solGveis em &gua, alcool e acetona e estdo presentes em vegetais
e frutas. Tém alto peso molecular e possuem grupos fendlicos e carboxilicos (Figura 1), que
formam complexos com proteinas, carboidratos e alcaloides. Sao classificados como taninos
hidrolisaveis e ndo hidrolisaveis: os primeiros podem sofrer hidrélise acida, que libera acidos
fenolicos tais como gélico, cafeico, elagico e um acucar. Ja os taninos nao hidrolisaveis ou
condensados sdo polimeros formados por unidades de flavon-3-ols (catequinas) e flavan-3,4-
diols (leucoantocianidinas) (SGARBIERI, 1996; SILVA,; SILVA, 1999).

Os taninos condensados estdo presentes em maior quantidade em fibras alimentares de

diversos alimentos; em leguminosas, sdo conhecidos por causarem efeitos adversos na cor, no
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sabor, no aroma e na qualidade nutricional dos alimentos, pois sdo de dificil digestdo (CRUS;
FLETCHER; PAJAK, 2014).

Figura 1- Estrutura geral de um tanino

Alguns estudos relatam que os taninos, por serem capazes de diminuir a converséo de
nutrientes em novas substancias para o organismo, tém influéncia na taxa de crescimento,
eficiéncia alimentar, energia metabolizavel liquida e digestibilidade proteica (CHUNG et al,
1998). Embora alguns estudos indicam que certos tipos de cancer de esdfago estéo relacionados
ao consumo de taninos, existem também estudos que descrevem as atividades anticancerigena,
antimutagénica, antioxidante e antimicrobiana (YILDIRIM; KUTLU, 2015).

Ribeiro e colaboradores (2018), testaram treze extratos de folhas de plantas do Cerrado,
entre elas Caryocar brasiliense Camb. (Caryocaraceae), Annona crassiflora Mart.
(Annonaceae) e Schinopsis brasiliensis Engl. (Anacardiaceae), quanto a acao antimicrobiana
contra bactérias (Escherichia coli e Staphylococcus spp.). Os resultados mostram que 0s
extratos aquosos de C. brasiliense, S. brasiliensis e A. crassiflora (6 mg/mL) e extrato etandlico
de C. brasilensis (0,27 mg/mL) e S. brasilienses (0,17 mg/mL) mostraram efeitos contra E. coli
e Staphylococcus spp. Os taninos foram observados como sendo os principais metabolitos nos
extratos de folhas de S. brasiliensis.

Oudane e colaboradores (2017) isolaram e caracterizaram punicalagina, um tanino
hidrolisavel obtido a partir da casca amarela de roméa (Punica granatum, pertencente a familia
Lythraceae), por cromatografia liquida de alta eficiéncia e a estrutura quimica da molécula foi
confirmada em infravermelho, ressonancia magnética nuclear (RMN) *H e 13C e espectrometria
de massa MALDI-TOF. Esse tanino apresentou atividade antioxidante por eliminacdo de
radicais DPPH, sendo a I1Cso (1,9+0,2 pg/mL) comparavel ao do acido tanico (ICso = 1,3£0,2
pg/mL).
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2.3.2 Terpenos

Terpenos sdo moléculas formadas por meio de duas rotas metabdlicas distintas — via do
mevalonato e via do 1-desoxilulose 5-fosfato (DXP). A estrutura quimica de um terpeno possui
uma dupla ligagio carbono-carbono sendo reconhecido como um hidrocarboneto insaturado
(MURRY, 2011), mas se um terpeno contém oxigénio, 0 mesmo é denominado de terpenoide,
podendo apresentar diferentes fungdes quimicas, entre as quais: &cidos, alcoois, aldeidos,
cetonas, éteres, fenois ou epdxidos terpénicos. Embora existam diferencas, eles tém a estrutura
basica formada em blocos de cinco carbonos — unidades de isopreno (CsHg) — normalmente,
ligadas entre si pela ordem “cabega-a-cauda” (ligagdo 1-4) (LOMMIS; CROTEAU, 2014).

A classificacdo dos terpenos depende da quantidade de residuos de isopropeno:
isopropeno (1 isopreno; ex. hemiterpenos, utilizado para a fabricagdo de borracha),
monoterpenos (2 isoprenos; ex. limoneno, responsavel pelo aroma de frutas citricas e também
aroma floral), sesquiterpenos (3 isoprenos, presentes na esséncia de camomila), diterpenos (4
isoprenos, utilizados na producdo de adogante natural a base de stevia), triterpenos (6 isoprenos,
encontrados no 6leo de figado de tubardo), tetraterpenos (8 isoprenos; ex. carotenoides como o
[B-caroteno, pigmento da cenoura), politerpenos (mais que 8 isoprenos, encontrados em latex)
(LORENA,; BICAS, 2016).

Os monoterpenos e sesquiterpenos tém estruturas com massa molecular menor e
apresentam volatilidade acentuada, o que é de grande importancia para o aroma principalmente
de frutas citricas, ervas aromaticas, especiarias e condimentos. Moléculas maiores ndo séo tao
importantes para o aroma de plantas devido ao tamanho, porém os tetraterpenos (Cao) que
possuem noroisoprenoides de 10 e 13 carbonos ajudam no aroma de alguns produtos de origem
vegetal (MENDES-PINTO, 2009; FARKAS; MOHACSI-FARKAS, 2014).

Os terpenos estdo presentes em Oleos essenciais encontrados em plantas, animais,
microrganismos, e contribuem para o aroma de plantas e seus frutos, e sdo utilizados para a
fabricacdo de perfumes, cosméticos, e farmacéuticos. Além disso, sdo também utilizados nas
industrias alimenticias por contribuem no refor¢co ou na melhora da qualidade sensorial dos
alimentos (RAVINDRA; KULKARNI, 2015).

2.3.3 Saponinas
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Saponina € uma classe de metabdlitos secundarios encontrados ndo s6 em plantas como
também em organismos marinhos. A estrutura quimica das saponinas é constituida por uma ou
mais porcdes de glicosideo hidrofilico juntamente com uma aglicona lipofilica e derivada e,
finalmente, uma ou mais cadeias de aglcar (Figura 2). Tem propriedades detergentes e
surfactantes e sua presenca é caracterizada pela formacédo de espumas, de cor branca ou amarela,
dismorfas e cristalizaveis. Destacam-se por ser expectorantes e laxantes, podendo ser
encontradas em plantas como alcaguz (anti-inflamatdrio), guarana (estimulante) e aloe vera

(anestésico, antiviral) além de participarem da defesa das plantas (VUONG et al., 2014).

Figura 2 - Estrutura geral das saponinas

Devido a diversidade estrutural das saponinas, diversas atividades biologicas sédo
associadas a este grupo de metabdlitos secundarios, tornando-os importantes produtos naturais
para o tratamento e prevencao de diversas patologias. Atividades antivirais, antimicrobiana,
antifangica, anti-inflamatoria e citotdxica sdo alguns exemplos de efeitos farmacoldgicos de
saponinas (SPARG et al., 2004; BANG et al., 2005; PODOLAK et al., 2010; MUGFORD;
OSBOURN, 2013).

Foi isolada uma saponina denominada de anagalisina C (AnC) de Anagallis arvensis L.
(Primulaceae) e testada a atividade antifungica e o efeito sinérgico com fluconazol frente a
Candida albicans. Os resultados revelaram que este composto teve concentracdo minima
inibitoria de 1 pg/mL e efeito sinérgico (SOBERON et al., 2017).

Os extratos em acetato de etila e acetona de raizes de Dipsacus asper foram testados
como antiflngicos in vivo contra os fungos fitopatogénicos Botrytis cinerea, Colletotrichum
coccodes, Blumeria graminis f. sp. hordei, Magnaporthe grisea, Phytophthora infestans,
Puccinia recondita e Rhizoctonia solani. Ambos os extratos, a 1.000 ug/mL, eliminaram o

desenvolvimento de 90% do bolor cinzento do tomateiro (BCT) e queima tardia do tomilho
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(QTT). Foram isoladas das raizes de D. asper e identificadas quatro substancias e entre elas
uma saponina denominada colchiside (3-O-B-D xilopiranosil-23-O-p-D-glucopiranosil-28-O-
p-D-(6-O-acetil)-glucopiranosil-hederagenina). Colchiside suprimiu, moderadamente, o
desenvolvimento de BCT, mas apresentou pouco efeito contra a outra doenga (CHOI et al.,
2016).

Ravi e colaboradores (2016) obtiveram um extrato bruto aquoso contendo saponina a
partir de folhas de Abutilon indicum e analisaram o potencial antibacteriano contra
Sthaphylococcus aureus (MTCC: 3160) e Escherichia coli (MTCC: 443) e antioxidante, pelo
método de DPPH. O extrato foi submetido a analise de cromatografia gasosa em espectrometria
de massa (GC-MS). A andlise de GC-MS sugeriu uma molécula benzeno-1-4-bis (fenilmetil),
com um peso molecular de 258 g/mol como principal componente do extrato. O extrato
demonstrou 96,16% de atividade de eliminacédo de radicais livres a 2,5 mg/mL de concentragéo
e atividade antibacteriana significativa com um valor de concentragdo minima inibitoria de 1,11

mg/mL.

2.3.4 Flavonoides

Os flavonoides sdo compostos fendlicos que podem possuir um ou mais anéis
aromaticos, e sao uma combinacao de um agucar e um grupo hidroxil (OH), a estrutura basica
dessa classe de metabolitos é formada por 15 atomos de carbono na forma C6-C3-C6, baseada
no nucleo de dois anéis benzénicos, A e B, ligados a um anel pirano C, como mostra a Figura
3.

Figura 3 - Estrutura basica de um flavondide
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Sdo conhecidas 6 classes de flavonoides, devido a variacdo estrutural do anel C,
flavanonas, flavonois (ex. quercetina), flavona (ex. luteolina), flavandis (ex. catequina),
isoflavonas (ex. genisteina) e antocianidinas (ex. cianidina) (BERNARDES; PECANHA;
OLIVEIRA, 2010; JOHNSTON, 2015; KOIRALA et al., 2016). Sdo moléculas que podem ser
descritas como polares fracas e podem sofrer degradacdo em meio alcalino na presenca de
oxigénio. Apresentam forte absor¢do de luz UV, devido a presenca de ligacBes duplas
conjugadas nos anéis aromaticos (HARBONE, 1994).

Os flavonoides sdo sintetizados a partir das vias dos fenilpropandides, que inclui rotas
mistas: a do acido chiquimico e a do acetato via acido mevalénico, que sdo sintetizadas pela
enzima chalcona. Podem ser observadas varias modificacGes: adi¢do ou reducdo, hidroxilagdo,
metilagdo de grupos hidroxila ou do nucleo dos flavonoides, dimerizagdo (produzindo
biflavonoides), bem como glicosilagdo de grupos hidroxila (produzindo O-glicosideos) ou do
nucleo dos flavonoides (produzindo C-glicosideos) (POZZI, 2007).

Devido a estas modificagdes, as fungdes dos flavonoides nas plantas sdo bem
diversificadas, atuando na protecdo contra a incidéncia de raios ultravioleta (UV) e visivel,
protecdo contra insetos, fungos, virus e bactérias; atracdo de animais com finalidade de
polinizacdo, controle da acdo de horménios vegetais, atuando como agentes alelopaticos e como
inibidores de enzimas. No que diz respeito as atividades farmacoldgicas sdo descritas
propriedades antibacteriana, antifingica, antioxidante, antiviral, antitumoral, anti-inflamatoria,
fotoprotetora, entre outras (SAVI et al 2017) .

A flavona, e seus derivados 3-hidroxiflavona, 5-hidroxiflavona e 6-hidroxiflavona,
foram submetidos a avaliacéo de atividades antibacteriana, antioxidante, efeitos farmacologicos
e toxicoldgicos. Os resultados obtidos revelaram que estes compostos sdo agonistas a
integridade da membrana e inibidores da permeabilidade da membrana, antagonistas do
receptor de anafilatoxina, inibidores de quinase e peroxidase, com potencial antimutagénico e
capacidade vasoprotetora. Também apresentaram moderada acdo antibacteriana frente a
bactérias gram-positivas e gram-negativas e moderada acdo antioxidante (MONTENEGRO,
2015).

Cho e colaboradores (2015) avaliaram a atividade antibiofilme contra trés cepas de
Staphylococcus aureus in vivo, em modelo de infeccdo do nematdide Caenorhabditis elegans,
e atividade hemolitica de quatro vinhos tintos e dois vinhos brancos, que contém, entre outros
metabolitos, flavonoides. Apenas os quatro vinhos tintos mostraram inibi¢do da formacg&o do

biofilme, nas concentracgdes de 0,5-2,0%, sem causar hemdlise, o que sugere que os flavonoides
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que estavam presentes nos vinhos tintos, juntamente com outros compostos foram responsaveis
por esta atividade.

Os extratos metanolicos de quatro plantas da Argélia (Asteriscus graveolens,
Cymbopogon schoenanthus, Panicum turgidum e Pituranthos scoparius) foi submetido a
avaliacdo fitoquimica, antioxidante e hemolitica. Na analise fitoquimica foi demonstrada a
presenca de flavonoides, taninos catéquicos, alcaloides e saponinas, com excecdo dos alcaloides
no extrato de Cymbopogon schoenanthus. O extrato de A. graveolens (26,97 + 1,04 pg/mL)
teve melhor atividade antioxidante quando analisado pelo método do DPPH que o extrato de C.
schoenanthus (56,83 + 1,53 pug/mL) e P. scoparius (73,73 + 1,41 pg/mL). Os resultados para o
teste de hemdlise apresentaram que as espécies testadas tém baixo efeito hemolitico
(HADDOUCHI et al., 2016).

Ximena americana, mais conhecida como ambui, ameixa do Brasil ou ameixa do mato,
tem atividades fitoterapéuticas ja descritas na literatura, porém ainda séo poucas as informacdes
acerca da composicdo quimica desta espécie. Almeida e colaboradores (2015) fizeram anélises
fitoquimicas dos frutos destas espécies em varios estagios de maturacdo e encontraram que o
fruto verde continha flavonoides, em maior teor (22,07mg/100g), entre outras classes de
compostos encontrados. Atividade antioxidante foi comprovada, provavelmente devido a
presenca dos flavonoides.

Avaliacbes da composicdo quimica, atividade antifungica, antioxidante e
anticolinesterase foram realizadas para extratos etandlicos da casca e folhas de Guazuma
ulmifolia Lam. (Malvaceae). Os resultados revelaram a presenca de flavonoides e acidos
fenolicos e uma fraca atividade antifingica, porém, os extratos demonstraram um bom efeito
modulador do fluconazol conseguindo aumentar a atividade desse farmaco contra Candida
tropicalis; também foram detectadas atividade antioxidante, com uma ECso de 119,85+2,42
ug/mL, e uma atividade anti-colinesterase significativa com uma zona de inibicdo de 1,0 cm
(MORAIS, 2016).

O extrato etandlico (a 50%) obtido a partir das folhas Hedera helix foi avaliado quanto
a presenca e quantidade de polifendis, esterois e atividade antifingica in vitro contra fungos
fitopatogénicos. O extrato mostrou, na sua composi¢do, a presenca de rutina, quercetina e
kaempferol na amostra ndo hidrolisada e quercetina e kaempferol na amostra hidrolisada. A
atividade antifungica contra os fungos fitopatogénicos: Aspergillus niger, Botrytis cinerea,
Botrytis tulipae, Fusarium oxysporum f. sp. tulipae, Penicillium gladioli e Sclerotinia
sclerotiorum foi detectada (ROSCA-CASIAN et al., 2017).
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Jaisinghani (2017) avaliou a atividade antibacteriana da quercetina, um flavonoide
presente em frutas e vegetais. Para as seis bactérias testadas, a quercetina inibiu S. aureus, P.
aeruginosa a uma concentragdo de 20 pg/mL, enquanto P. vulgaris e E. coli foram inibidos na
concentragdo de 300 pg/mL e 400 p/mL, respectivamente.

Luteolina é um flavonoide que estd presente em cebolas, brocolis, entre outros
alimentos, e é um antioxidante, que possui também atividades antiinflamatéria e
anticancerigena. Este flavonoide é capaz de inibir a proliferacdo de células cancerosas in vitro
e in vivo, bloqueando o ciclo celular e induzindo apoptose (PRABHUE; VISWANATHAN,
2014).

Outro flavonoide j& descritos na literatura, € o hiperosideo, que também pode ser
chamado de hiperina ou quercetina-3-O-galactosideo. E um flavondide glicosilado e pode ser
encontrado em diversas espécies de plantas. Pode ser caracterizado como um p6 amarelo e €
uma molécula hidrofilica (ZHENG et al., 2012; JIA et al., 2012; KHANAVI et al., 2013). A

estrutura do hiperosideo pode ser observada na figura 4.

Figura 4 - Estrutura quimica do hiperosideo

OH

Entre os primeiros estudos com o hiperosideo estdo os de Chen e colaboradores (1994)
e Chen e Ma (1999), que evidenciaram que ele diminui o contetdo intracelular de Ca?*,
blogueando os canais de Ca?* em células musculares papilares, inibindo o influxo induzido
tanto por noradrenalina, serotonina ou glutamato em cérebro de ratos neonatos. A partir disto,
diversos trabalhos ja foram publicados sobre o hiperosideo e suas a¢des terapéuticas, bem como
sua acdo farmacocinética. Entre as atividades ja descritas, encontram-se: inibicdo da
proliferacdo de células de osteocarcinoma (ZHANG et al., 2014a), capacidade de citoprotecédo
(ZHANG et al., 2011), atividade antioxidante (RAINHA et al., 2013; LIAUDANSKAS et al.,
2014), anti-inflamatéria (SUNTAR et al., 2010; MANSOUR et al., 2014), e também atuacio

no sistema nervoso central atuando na ativacdo de receptores dopaminérgicos do tipo D>
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(HAAS et al., 2011). As atividades antibacteriana, antiviral e antifungica também ja séo
relatadas em extratos de plantas que continham o hiperosideo como composto principal
(SANTOS et al., 2014; ZHANG et al., 2014b).

Morais et al. (2016) isolaram e quantificaram o hiperosideo da fracdo acetato de etila de
partes aereas de Solidago chilensis Meyen, constatando um teor desse flavondide de 5,42%. O
hiperosideo também é encontrado na espécie Hypericum perforatum L., que é uma planta
perene, e seus extratos organicos e aquosos tém sido utilizados na fitoterapia e em testes pré-
clinicos para o tratamento e prevencdo de diversas doencas por ter uma agdo nefroprotetora,
atividade antioxidante, antifungica, ansiolitica, antiviral e cicatrizante (MORAES et al., 2014).

Zou e colaboradores (2017) mostraram que o hiperosideo possui acdo anti-fibrose e
funcéo hepatoprotetora dos figados. Também tentaram elucidar o possivel mecanismo de acéo
do hiperosideo na fibrose hepatica e viram que este composto aumentou a atividade das enzimas
antioxidantes e desintoxicantes da fase Il através da ativacdo do Nrf2 translocado nos
camundongos com fibrose hepatica induzida por tetracloreto de carbono.

Roudone e colaboradores (2017) avaliaram o conteudo de fenois totais, a capacidade
redutora de ferro total e a atividade antioxidante da casca e da polpa da macd, e encontraram

quantidades significativas de flavonoides, entre os quais 0 hiperosideo.

2.4 PLANTAS DA CAATINGA

O bioma Caatinga (Figura 5) envolve os estados do Maranhdo, Pernambuco, Alagoas,
Bahia, Ceara, Paraiba, Rio Grande do Norte, Piaui, Sergipe e Norte de Minas Gerais, ocupando
uma area de 844. 453 quilémetros quadrados, com temperatura média anual de 27°C e baixa
umidade (AGRA, et al., 2008; BRASIL, 2014).
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Figura 5 - Biomas brasileiros
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A vegetacdo € adaptada as condic6es climaticas do local, o periodo de seca é duradouro
e 0 inverno é basicamente chuvoso. Até 2008 foram registrados um total de 650 espécies
vegetais pertencentes a 407 géneros e 111 familias, bem como seus usos medicinais. Sao
encontrados vegetais superiores e também pteridofitas. Grande parte da vegetacdo é
exclusivamente brasileira (AGRA et al., 2008; ALMEIDA, 2015; CORDEIRO et al., 2015).

Nas plantas encontradas na Caatinga estdo presentes os flavondides, compostos
fenolicos, taninos, alcaloides, terpenos e sesquiterpenos, aléem de dleos essenciais. Mesmo ainda
sendo pouco estudada, ja sdo descritas na literatura diversas atividades bioldgicas dessa
vegetacdo, tais como: antibacteriana (ARAUJO et al., 2017), anti-inflamat6ria (BONIFACE et
al.,, 2017), antibiofilme (TRENTIN et al., 2014), antioxidante (SANTOS et al., 2016;
PAREDES et al., 2016), antiparasitaria (VIEIRA et al., 2016), antifungica, (SOARES et al.,
2016), dentre outras.

Entre as familias de plantas existentes na Caatinga ja conhecidas, encontra-se a
Anacardiaceae, que possui 81 géneros, subdivididos em cinco tribos: Anacardieae, Dobineae,
Rhoeae, Semecarpeae e Spondiadeae, e aproximadamente 800 espécies, que habitam ambientes
secos a Umidos, nas regides tropicais e subtropicais espalhadas pelo mundo (CORREIA et al.,
2006; LUZ, 2011).
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2.4.1 Familia Anacardiaceae

As espécies da familia Anacardiaceae geralmente sdo arbustos ou arvores. A maioria
delas apresentam frutos ou pseudofrutos, que sdo comestiveis e fazem parte da dieta de muitas
pessoas, por serem ricos em nutrientes, consistindo também em fontes de rendas para algumas
familias. Além disso, servem também para a decoracdo de muitos jardins. EXxistem
aproximadamente 32 géneros em todo o continente americano e ja foram identificados e
registrados no Brasil, 14 géneros com aproximadamente 57 espécies desta familia, sendo 14
destas exclusivas do pais (SILVA-LUZ; PIRANI, 2010; SANTOS, 2010; LUZ, 2011).

Plantas das tribos Anacardieae, Rhoeae e Semecarpeae sd0 responsaveis por causar
dermatites de contato, e isso se deve pela composi¢cdo quimica dessas plantas, que €, na sua
grande maioria, de compostos fendlicos e catecolicos, presentes em quase todas as partes das
plantas (caule, folhas, frutos, sementes, raizes) (GUIMARAES, 2015). Até o momento ja foram
descritos varios flavonoides de plantas desta familia, tais como: lanneaflavonol e
dihidrolanneaflavol (Lannea alata), quercetina (Shinus lentiscifolius, GEHRKE, 2013), e
lanaroflavona (Campnosperma panamense) (WENIGER, 2004).

A Spondiadeae é uma tribo que inclui o género Spondias, que foi criado por Linnaeus,
considerado o primeiro da familia Anacardiaceae. Fazem parte deste género 18 especies nativas
da América tropical, da Asia e de Madagascar e, dentre essas, sete ocorrem no Brasil, que s&o:
Spondias mombim, S. tuberosa, S. admirabilis, S. expeditionaria, S. macrocarpa, S. testudinis
e S. venulosa (MITCHELL; DALLY, 2015).

2.4.1.1 A espécie Spondias tuberosa Arruda

Euclides da Cunha (1984), em seu livro, "Os Sertdes"”, descreve a importancia do

umbuzeiro (Spondias tuberosa, Figura 6) para os sertanejos:

“Umbuzeiro ¢ a arvore sagrada do sertdo. Socio fiel das rapidas horas felizes e longos
dias amargos dos vaqueiros. Representa o mais frisante exemplo de adaptacéo da flora

sertaneja”.
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Figura 6 - Umbuzeiro

i

O nome umbuzeiro ou imbuzeiro é derivado da palavra ymb-u do tupi-guarani, que
significa: "a arvore que da agua", pois possui xilopddios adaptados para a estacdo seca, onde
armazenam agua e minerais para sua sobrevivéncia e para dar inicio ao processo de floracédo e
folhas (BARRETO; CASTRO, 2010; CAVALCANTI, 2010). E considerada uma arvore
sagrada pelos indigenas e pelos moradores da regido da Caatinga, além de ser fonte de sustento
para muitas familias dessa regido (LINS-NETO et al., 2010). No entanto, o fruto (Figura 7A),
chamado umbu, ¢é de periodo sazonal curto e elevada perecibilidade. Por este motivo, uma das
melhores formas que os agricultores possuem para evitar as perdas pds-colheita é o seu
processamento, que vai desde a limpeza do fruto com hipoclorito de sodio para
descontaminacdo, ao armazenamento em formas de polpas em freezers (Figura 7B).

Figura 7 - Fruto de Spondias Tuberosa. (A) Corte Do Fruto. (B) Higienizacéo do
umbu em hipoclorito de Sodio
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Segundo Gomes e colaboradores (2010), cerca de 50% da produc¢do do umbu é destinada
a producdo de polpa, geléias e doces sendo 40% da producdo ndo aproveitada. O extrativismo
do umbu é a maneira mais tradicional de exploracdo. Foram coletadas 7.980 toneladas de umbu
em 2012 no nordeste Brasileiro, com 87% de coleta no estado da Bahia, 5% em Pernambuco e
3% no Rio Grande do Norte. O restante da producéo (4%) foi proveniente dos estados de Minas
Gerais, Paraiba, Piaui, Cearé e Alagoas (SOARES, 2014).

Apesar de ser fonte de alimentos para a populagdo, ruminantes, polinizadores e
dispersores, e ser fonte de renda para agricultores, 0 umbuzeiro sofre varias ameacas naturais e
antrdpicas que podem levar a sua extin¢do ou diminuicdo de sua populacdo, como excesso de
luz, calor, estresse hidrico, herbivoros e extracdo de madeira. Mesmo com pouca capacidade de
se regenerar, o umbu n&o entra para a lista vermelha da Uni&o Internacional para a Conservagéo
da Natureza porque estes fatores ndo sdo critérios para caracteriza-lo como espécie ameacada.
Acredita-se que em alguns lugares a S. tuberosa ja pode ter sido extinta. Sendo assim, €
importante que se fagca uma avaliacdo completa da populacdo de S. tuberosa e de todas as
ameacas sofridas por esta espécie (MERTENS et al., 2017).

Diversos estudos estdo sendo realizadas para investigar o potencial de aplicacéo da S.
tuberosa na medicina, agricultura e nutricdo, por ser fonte de vitaminas C, B, B1, compostos
fenolicos, proteinas, taninos e minerais (ALMEIDA et al., 2010; LINS NETO et al., 2010;
FERREIRA JUNIOR et al., 2011).

Ja existem muitos trabalhos acerca da composicdo quimica de S. tuberosa, porém,
devido a mudanca de clima, localidade e uso de fertilizantes, o contetudo pode variar. Por isso
€ preciso mais pesquisas sobre a composi¢do quimica do umbuzeiro, para que possa aumentar
o0 arsenal de novos compostos bioativos com efeitos terapéuticos (BORGES et al., 2007).

Diante disso, Borges e colaboradores (2007), avaliaram as caracteristicas quimicas das
sementes de dois cultivos diferentes em 2 fases de maturacdo e analisaram o perfil dos acidos
graxos e minerais. Ndo houve diferenca entre as sementes, o rendimento foi de cerca de 10% e
as dimensdes de comprimento foram de 1,48 a 2,11 cm e largura de 0,76 a 1,16 cm. O teor
médio de lipidios era de 55% dos quais 69% eram insaturados e o teor médio de proteina era
de 24%. As sementes continham os minerais: P, K, Mg, Fe e Cu. Com estes resultados é possivel
dizer que o 6leo ou as sementes poderiam ser usados para produtos alimentares se nenhum
agente toxico for encontrado.

Bastos e colaboradores (2016) analisaram as caracteristicas fisico-quimicas do umbu e
puderam observar que a polpa concentrada apresentou as seguintes propriedades: pH 2,43,

solidos solGveis 15,5 °Brix, acidez 3,11 g acido citrico/100 g, proteinas totais 1,28% m/v,
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vitamina C 4,36 mg/100 g, acUcares redutores 6,08% m/v, agUcares totais 13,55% m/v,
acucares nao redutores 7,46% m/v e cinzas 0,42% m/v.

Guimardes (2015) fez um estudo fitoquimico dos extratos hexanico e etandlico da casca,
folhas e talos. Os extratos etandlicos foram particionados através de cromatografia liquida a
vacuo, obtendo-se as fracdes hexanica, cloroférmica, acetato de etila e metanolica. No extrato
etandlico concentrado das folhas foi identificado um derivado quinol denominado 2,4,6-
trihidroxi- 4-(hidroximetil) ciclohexa-2,5-dien-1-ona. Durante a preparacdo da fragéo
metandlica do extrato das folhas, foi identificado o flavonoide quercetina 3-O-a-
Lraminopiranosil (1’>’—6")-B-glucopiranosideo (rutina). A fragdo acetato de etila dos talos
também foi submetida a procedimentos cromatograficos que resultaram na identificacdo do
trans-p-cumarato de eicosanila. Também foi feita a andlise de 6leos fixos que mostrou a

presenca de acidos palmitico, estearico e triacontanoico.

2.4.1.2 Atividades bioldgicas de espécies de Spondias

Silva (2016b) testou a atividade anti-inflamatoria e antiviral do extrato etandlico de S.
mombim. No teste antiinflamatério o extrato inibiu (50,4%) a liberacdo da mieloperoxidase na
concentracdo de 100 pg/mL. O extrato apresentou citotoxicidade na concentracdo de 200
png/mL em neutrofilos e para celulas VERO foi determinada uma CCsp de 1680 pg/mL. Na
atividade antiviral contra herpes simples tipo 1, o extrato foi mais potente com Clso= 342,5
pug/mL em relagdo a geraniina (marcador bioativo) (Clsg=417,5 pg/mL).

Lima (2016) avaliou o potencial antibacteriano do extrato aquoso de S. mombim frente
a bactérias bucais planctonicas (Streptococcus mutans e Streptococcus oralis) atraves da
determinacdo da concentracdo minima inibitéria (CMI) e concentracdo minima de aderéncia
(CIMA), e obteve os seguintes resultados: o extrato inibiu o crescimento bacteriano e ainda
impediu a aderéncia dos microrganismos a parede do tubo de vidro mostrando-se superior,
nessas duas analises, ao digluconato de clorexidina (padrdo). Também foi observado que o
extrato exibiu acao bactericida apds 2 h de contato com S. mutans, enquanto 0 mesmo extrato,
em sua CMI, exibiu efeito bactericida somente apds 4 h de contato com S. oralis.

O extrato hidroetandlico das folhas de S. mombim e suas fracGes (hexano,
diclorometano, acetato de etila, butanol e residuos aquosos) foram avaliados quanto a sua acao
antiinflamatdria, utilizando o modelo peritonite induzida por carragenina, e antioxidante, e 0s
resultados obtidos demonstram que o extrato teve uma boa atividade antiinflamatéria nas

concentragdes 100, 200, 300 500 mg/mL e a fragdo acetato de etila se destacou como sendo a
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melhor fragdo. No teste antioxidante tanto o extrato como as fragdes tiveram resultado
significativo, com uma taxa de 66 - 76% de sequestro dos radicais livres no método de DPPH
(CABRAL et al., 2016).

Akinmoladun et al. (2014) avaliaram as propriedades antidenaturacdo e antioxidante de
extrato metandlico das folhas de S. mombim, bem como da fracdo rica em saponina e da fracdo
rica em flavondides. Esses autores tiveram como resultados uma alta atividade antioxidante da
fracdo éter, enquanto o extrato metanolico, a fracdo rica em flavonoide e a fracdo rica em
saponina inibiram significativamente a degradacdo de desoxirribose.

Igbal e colaboradores (2016) testaram o efeito hepatoprotetor (em modelo de toxicidade
causada por etanol) dos extratos em éter de petroleo, cloroférmio, etanol e acetona de S. pinnata
em ratos por paramétros bioquimicos e oxidativos. Os resultados mostraram que 0s extratos em
acetona e etanol impediram o aumento nos niveis sericos de aspartato aminotransferase, alanina
aminotransferase, fosfatase alcalina, lactato desidrogenase, colesterol, bilirrubina e
malondialdeido, e diminuicdo na glutationa, na catalase, na superoxido dismutase e na aloumina
reduzida. Eles também atenuaram o dano ao DNA induzido pelo etanol. Os resultados do estudo
foram bem apoiados pelas observacdes histopatoldgicas.

O extrato etandlico bruto da folha de S. pinnata e diferentes particbes foram avaliadas
quanto as possiveis atividades de estabilizacdo trombolitica de membrana. Entre as parti¢des
testadas, a fracao soluvel em acetato de etila apresentou maior porcentagem de lise de codgulo
(58,06%) em comparacdo com a exibida por estreptoquinase (69,23%) e agua (3,0%). Estas
fracdes também inibem significativamente a hemolise da membrana de eritrocitos humanos
tanto induzida por solucdo hipotonica (65,33 £ 0,50%) quanto pelo calor (56,22 + 0,69), em
comparacdo com o &cido acetilsalicilico (75,92 £ 29%) e (71,12 £ 0,26%). Foi possivel concluir,
a partir deste estudo que existe uma correlacdo entre a quantidade de flavonoides (132,27 +
0,25%) com as atividades testadas (UDDIN et al., 2016).

S. pinnata foi submetida a extracdo com acetona, metanol e uma mistura de solventes e
passou por uma caracteriza¢do nutricional completa e demonstrou ser fonte de energia (348
kcal/100g), compostos fendlicos, antioxidantes naturais e minerais. E também uma fonte
moderada de &cido ascorbico, &cido malico, calcio, fosforo e outros nutrientes. A atividade
antioxidante dos extratos foi detectada. O extrato da mistura de solvente apresentou atividade
antimicrobiana contra Listeria monocytogenes e capacidade de inibi¢ao de a-amilase. A analise
do sabor volatil mostrou miristinato de isopropilo como um composto principal seguido de

outros monoterpenos e sesquiterpenos (SATPATHY et al., 2011).
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Spondias purpurea, mais conhecida como ciriguela, € uma arvore nativa do México, do
Norte do Peru e do Brasil, particularmente em zonas semi-aridas. Esta arvore exsuda um
polissacarideo soluvel em agua, constituido por um esqueleto de galactano (1—3) substituido
em unidades de C6 com D-galactose, D-xilose, L-arabinose, L-ramnose e acido glucurdnico. O
polissacarideo brasileiro difere do venezuelano quanto a quantidade de &cido e arabinose, bem
como a presenca de fucose e glicose. A D-galactose (1—6) confere ao polissacarideo a
capacidade peculiar de se ligar a lectinas ap6s a reticulagcdo com epicloroidrina. O gel obtido
foi capaz de reter especificamente as lectinas ligadoras de galactose isoladas de Artocarpus
incisa, Artocarpus integrifolia, Erythrina velutina e Ricinus communis. Por outro lado, ndo
foram retidas lectinas ligadoras de glicose (TEIXEIRA et al., 2007).

Engels e colaboradores (2012) caracterizaram a composi¢éo quimica da S. purpurea por
cromatografia de alta performance e espectrometria de massas com ionizagéo de eletrospray. O
sistema analitico permitiu a separacdo de 21 compostos fendlicos em menos de 20 min e entre
esses compostos foram identificados O-glicosideos de quercetina, kaempferol, kaempferide e
ramnetina, contribuindo para o estudo desta espécie, pois até 0 momento ndo tinham sido
publicados dados sobre a composicao quimica deste fruto.

O extrato bruto dos frutos de S. purpurea foi testado quanto a sua capacidade
fotoprotetora contra raios UVA e UVB, seu potencial antioxidante, e também sua acao
antimicrobiana, por ser rico em compostos fenolicos, taninos, acidos fendlicos e flavonoides.
O extrato de ciriguela apresentou um efeito protetor contra raios UVB e UVA. Na anélise em
HPLC foram identificadas, entre outros compostos, a rutina e quercetina (SILVA et al., 2016a).

Santos (2014) avaliou a composic¢ao guimica de quatro extratos vegetais (metanolico,
hexanico, acetato de etila e cloroférmico) de sementes de S. tuberosa. O teste de toxicidade
com Artemia salina foi realizado e o extrato hexanico foi o Unico que ndo mostrou-se toxico
para as artemias. O extrato em acetato de etila demonstrou ser mais ativo quanto a atividade
antioxidante, seguido do extrato cloroférmico. O extrato cloroférmico foi submetido a
transesterificacdo, com isso obteve-se onze ésteres metilicos, além de uma mistura de sitosterol
e estigmasterol. Do extrato em acetato de etila foi isolado o 5-hidroximetil-2-furfural (5-HMF).
Do extrato hexanico foi isolado uma mistura de triglicerideos que foi submetida a reacéo de
saponificacdo seguida de esterificacdo obtendo-se assim, nove ésteres.

Siqueira e colaboradores (2016) avaliaram a atividade anti-inflamatéria do extrato
hidroetandlico de S. tuberosa e analisaram o perfil fitoquimico por HPLC-DAD e HPLC-MS.
Foram encontrados no extrato acido clorogénico, acido cafeico, rutina e isoquercitrina. A

resposta inflamatoria a carragenana foi significativamente reduzida nos ensaios de edema de
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pata e peritonite em camundongos. No ensaio com edema da pata traseira, a agdo edematogénica
foi reduzida em até 63,6% e a atividade de mieloperoxidase teve total inibi¢cdo. A migracéo
celular total para a cavidade peritoneal foi reduzida em até 65%.

O extrato metandlico e o extrato diclorometano da polpa do umbu foram submetidos a
analises bioldgicas. O extrato metandlico apresentou alta atividade antioxidante nos ensaios
DPPH, ABTS e ORAC, bem como a atividade de inibicdo da acetilcolinesterase (AChE). O
extrato diclorometano mostrou-se como agente de prevencdo do cancer, com inducdo de
quinona redutase em células Hepalclc7 (ZERAIK et al., 2016).

Pinto e colaboradores (2015) purificaram uma peroxidase do xilopddio do umbu, que
mostrou atividade 6tima em pH de 6,0 a 7,0 e alta resisténcia térmica ap6s incubacédo a 70 °C
durante 6 min. A atividade enzimatica presente em extrato bruto foi mais resistente ao calor do
que na sua forma purificada. O teste com ions metalicos mostrou que esta peroxidase foi inibida

por Mn?* e estimulada por Ca?* e Mg?*.

2.3 LECTINAS

Lectinas sdo proteinas de origem ndo imune, que se ligam a carboidratos especificos
(por exemplo: manose, acido sialico, fucose, N-acetilglicosamina, galactose/N-
acetilgalactosamina, glicanos complexos, glicoproteinas), inclusive presentes em membranas
celulares, sendo capazes de aglutinar células. A palavra lectina vem de "lectus” e refere-se a
capacidade de ligar seletivamente a carboidratos. As lectinas diferem entre si devido a
composic¢ado aminoacidica, requerimentos de metais, peso molecular e estrutura tridimensional
(SHARON; LIS, 2004). Os estudos referentes as lectinas foram iniciados por Stillmark em
1888, com extratos de sementes de Ricinus communis (mamona), observando a aglutinacao de
eritrocitos causada por uma proteina chamada de ricina.

As lectinas s@o encontradas em microrganismos, animais e vegetais. Essas proteinas tém
sido isoladas, purificadas e caraterizadas de diversas familias de plantas, incluindo a familia
Anacardiaceae (GOMES et al., 2013). Essas proteinas podem ser isoladas e purificadas de
folhas, cascas, flores, raizes, tubérculos, bulbos, e mais frequentemente de sementes
(COELHO; SILVA, 2000; COSTA et al., 2010; CHARUNGCHITRAK et al., 2011). Para
detectar a presenca de lectinas em amostras é preciso fazer testes de aglutinacdo sendo o mais
comum o teste de atividade hemaglutinante, onde as amostras sdo incubadas com eritrocitos.

Quando ocorre a aglutinacdo forma-se uma rede, visivel a olho nu.
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A primeira etapa para o isolamento dessas proteinas, para posteriormente serem testados
os efeitos biol6gicos, é a extragdo. Em seguida, o extrato pode ser submetido a um
fracionamento proteico (salting-out) para purificacdo parcial. Apds estas etapas, sao utilizadas
as cromatografias de coluna (afinidade, troca i6nica ou gel filtragdo). Um método utilizado
confirmacédo da purificacdo de uma proteina é a eletroforese, esse € um método analitico que
também define a natureza da proteina quanto a presenca de subunidades, peso molecular e ponto
isolétrico (COELHO et al., 2012; LEHNINGER, 2014).

Devido a capacidade das lectinas em se ligarem a carboidratos e
glicoconjugados, elas possuem uma vasta aplicacdo em diagnostico e terapéutica, agindo como
biomarcadores para detectar células anormais, tanto em testes in vivo como in vitro (COELHO
et al., 2017) e apresentando acOes antibacteriana (MOURA et al., 2016), antifingica
(PROCOPIO et al., 2017), antiviral (MITCHELL et al., 2017) e antitumoral (QUIROGA et al.,
2015).

2.3.1 Atividade antimicrobiana de lectinas

Moura e colaboradores (2015) investigaram a atividade antibacteriana de WSMoL, uma
lectina extraida de sementes de Moringa oleifera. Os microrganismos testados para esta
atividade foram Bacillus sp., B. cereus, B. pumillus, B. megaterium, Micrococcus sp.,
Pseudomonas sp., P. fluorescens, P. stutzeri e Serratia marcescens. Os resultados
demonstraram inibicao do crescimento bacteriano, inducéo da aglutinacdo e extravasamento de
proteinas de células de todas as cepas. Acdo bactericida foi encontrada para Bacillus sp., B.
pumillus, B. megaterium, P. fluorescens e S. marcescens. Com 6 h de incubacdo, pode ser visto
o efeito bacteriostatico. Através da microscopia de fluorescéncia foi demonstrado que a
WSMoL causou perda de integridade celular de S. marcescens.

Gomes e colaboradores (2012), testaram a atividade antifungica de quatro lectinas:
Dviol, DRL, ConBr e LSL extraidas de sementes Dioclea violacea, D. rostrata, Canavalia
brasiliens e Lonchocarpus sericeus, respectivamente, frente a leveduras coletadas de secrecao
vaginal dos géneros Candida, Rhodotorula, Trichosporon e Kloeckera. A lectina LSL ndo foi
ativa frente as leveduras testadas, ja as lectinas Dviol, DRL, ConBr mostraram forte atividade
antifangica.

Carvalho e colaboradores (2015) isolaram e caracterizaram uma lectina de sementes de
Apuleia leiocarpa, uma planta da Caatinga, com peso de 55,8 kDa, com atividade

antibacteriana. A ApulSL apresentou efeitos bactericida e bacteriostatico contra espécies Gram-



41

positivas e Gram- negativas, com maior efeito em trés linhagens de Xanthomonas campestris,
com valores de CMI 11,2 a 22,5 pg/mL e CMB de 22,5 pg/mL).

Gomes e colaboradores (2013), isolaram uma lectina de Shinus terebinthifolius,
denominada de SteLL, e testaram a atividade antibacteriana contra Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa e
Salmonella enteridis, bem como antifingica contra C. albicans. Esta lectina mostrou-se ativa
contra todos os microrganimos testados, com melhor concentragdo minima inibitéria (CMI=
0.45 pg/mL) para S. enteridis, melhor concentragdo minima bactericida (6.5 pg/mL) para S.
aureus,e concentragao minima fungicida de 26 ug/mL frente a levedura testada.

Procopio e colaboradores (2017) isolaram a lectina CasuL, de folhas de Calliandra
surinamensis, uma proteina acida (pl 5.82), termo-estavel, com massa molecular de 48 kDa, e
avaliaram as propriedades antimicrobiana e antibiofilme. A lectina demonstrou efeito
bacteriostatico (CMI 6,25 a 800ug/mL) e foi capaz de reduzir a formagao de biofilmes por
Staphylococcus saprophyticcus e Staphylococcus aureus (isolados ndo resistentes e resistentes
a oxacilina). CasuL mostrou atividade antifungica contra Candida krusei causando alterac6es

na morfologia celular e danos a parede celular.
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ABSTRACT

Cryptococcosis is an opportunistic systemic mycosis, subacute or chronic, of worldwide
distribution caused by two species of fungi, Cryptococcus neoformans and Cryptococcus gattii.
There are reports of cryptococcal resistance to antifungal drugs, whose arsenal for the treatment
is quite limited to three older drugs. In this workwe evaluated the antfungal action of a hexane
extract from Spondias tuberosa (a Caatinga plant) leaves against standard and clinical isolates
of C. neoformans and C. gattii. The extract was prepared in a Soxhlet apparatus. Antfungal activity was evaluated by
determining the MiNimum inhibitory concentration (MIC). Putative effects of the hexane extract on
mitochondrial superoxide production, mitochondrial membrane potential, lysosomal
membrane, and on externalization of phosphatidylserine were assessed by flow cytometry. The
hexane extract inhibited the growth of standard and clinical isolates of C. neoformans with MIC
of 0.78 mg/mL as well as of standard and clinical isolates of C. gattii with MIC of 3.12 mg/mL.
The extract treatment significantly increased the production of high levels of mitochondrial
superoxide anion in both species and induced depolarization of mitochondrial membrane.
Damage on lysosomal membrane was also detected for both C. gattii and C. neoformans.
Phosphatidylserine externalization was detected only for C. gattii cells treated with the extract,
indicating the induction of apoptosis. In conclusion, the S. tuberosa leaf extract evaluated here
showed antifungal activity against Cryptococcus species by inducing damages at mitochondrial

and lysosomal levels.

Keywords: cryptococcosis; oxidative stress; mitochondrial depolarization; apoptosis.



44

INTRODUCTION

Cryptococcosis is an opportunistic systemic mycosis, subacute or chronic, of worldwide
distribution, caused by fungi of the genus Cryptococcus (Sorrell et al., 2016; Kwon-Chung et
al., 2014). This disease is caused previously by two species of fungi, Cryptococcus neoformans
and Cryptococcus gattii (Perfect & Bicanic, 2015), naturally encapsulated basidiomycetes
whose virulence is associated with the production of oxidases, proteases and their
antiphagocytic capacity obtained by the properties of the capsular polysaccharide
(Chayakulkeeree & Perfect, 2006; Subramanian & Mathai, 2005; Severo et al., 2009). The its
infection is caused by the inhalation of fungal propagules found in the environment (Pizani e
Dos Santos, 2017).

In the environment, C. neoformans is found in areas frequented by pigeons, chickens
and other species of birds; especially in pigeon droppings (Ajello, 1958) (Kwon-Chung &
Bennett, 1984). The precise link between C. neoformans and the birds is not yet well defined,
but studies say that pigeons are the main propagators of the disease and because of their high
body temperature (40 and 42°C), that exceeds the growth temperature of the fungus, they are
not infected (Khan et al., 1978; Gazzoni, 2008). C. gattii, on the other hand, is mainly found in
regions of tropical and subtropical climate, in rural areas and especially in eucalyptus trees and
to a wide diversity of trees, such as spruce and oak (Mitchell et al., 2011; Chayakulkeeree &
Perfect, 2006; Gallanis et al., 2010).

The infection caused by these cosmopolitan agents is currently considered of high
clinical importance because cryptococcosis it is one of the most prevalent systemic infections
worldwide, given after the appearance of the HIV virus that causes in humans the Acquired
Immunodeficiency Syndrome (AIDS) (Park et al.,, 2011; Almeida & Machado, 2015).
Cryptococcosis by C. neoformans is the most frequent infection and occurs in cases of
individuals with immunosuppression, on the other hand, C. gattii presents as primary agent,
manifesting mainly in immunocompetent individuals (Morales, 2009).

According to the individual's immunological situation, several clinical forms can make
up the condition of the patients. From this, the individual can develop an asymptomatic and
self-limiting primary pulmonary complex whose fungal cells are eliminated by the immune
system, but when disseminated, the Central Nervous System is the preferred and target organ
of the disease (neurocryptococcosis), causing an infection of the meninges

(meningoencephalitis) and the brain tissue, often accompanied by elevated intracranial
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pressure; particularly affecting immunosuppressed patients and those with HIV (Severo et al.,
2009; Nguyen et al., 2010; Springer et al., 2013; Alanio et al., 2015).

The treatment strategy of the disease may be different according to the type of risk group
as HIV patients and in transplanted patients. These special needs also exist because in patients
with AIDS, cryptococcosis usually presents nonspecific clinical symptoms, making it more
difficult for the doctor (Da Silva & Gagliani, 2014) (Perfect et al., 2010). Besides that, there are
reports of cryptococcal resistance to antifungal drugs (Kwon-Chung et al., 2014), whose arsenal
for the treatment is quite limited to three older drugs: amphotericin B, 5-fluorocytosine (5FC)
and fluconazole (Perfect et al., 2010). Other conditions may interfere with the effectiveness of
the treatment, for example, the use of amphotericin B may cause adverse effects such as
nephrotoxicity and anemia, while 5FC also presents difficulties for its cost and its availability,
not being registered in any African country, and causes bone marrow toxicity (Loyse et al.,
2013).

Spondias tuberosa is an endemic plant in the Caatinga region and has been the target of
research about its therapeutic use for several diseases including antimicrobial effects by having
the presence of secondary compounds known in the literature as being fungicides or fungiostatic
(Neto et al., 2010). Knowing the difficulties of treatment and the clinical importance of
cryptococcosis, the discovery of new agents with antifungal action for the treatment of patients
infected with this organism is necessary (May et al., 2015). The study of molecules from plants
is an alternative for the treatment or prevention of infections caused by Cryptococcus. The
objective of this work was to test hexane leaf extract of S. tuberosa against Cryptococcus

species.

MATERIALS AND METHODS

PLANT MATERIAL

Leaves of S. tuberosa, were collected at the Parque Nacional do Catimbau (08°37'23"
S, 37°09'21" W), Buique, Pernambuco. The plant material was identified and a voucher
specimen was deposited at the Instituto Agrondmico de Pernambuco, Recife Brazil, under the
reference number 91,090. Plant collection was authorized (number 16806) by the Instituto
Chico Mendes de Conservacdo da Biodiversidade (ICMBio) from Brazilian Ministry of

Environment.
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EXTRACT PREPARATION

The leaves were dried in a forced air convection oven at 45 °C until constant weight.
After drying, they were powdered using Willye-type mill (model TE650; Tecnal, Brazil) and
the powder was stored protected from light and moisture at 28 °C until use. The extract was
prepared in a Soxhlet apparatus using 100 g of the powdered leaves and 1 L of n-hexane. The
solvent was evaporated at 75 rpm and 64.4 °C in an IKA HB10 rotary-evaporator. The resulting

material after solvent evaporation corresponded to the hexane extract.

CRYPTOCOCCUS STRAINS AND STUDY DESIGN

For determination of minimum inhibitory concentration (MIC) one reference strain of
C.gattii (ATCC 24065) and one reference strain of C. neoformans (ATCC 24067), that were
obtained from the Culture Collection of the University of Georgia (Atlanta, GA, United States),
were used. In addition, one clinical isolate of each species (C. gattii 547 and C. neoformans
RNO1) obtained from the Culture Collection of the Mycology Laboratory/ICB-UFMG, were
also used in this study. Isolates were maintained on Sabouraud Dextrose Agar (SDA) at 4°C.
Prior to each test, the strains were subcultured on SDA for 48 h at 37°C. The reference strains

of each species were chosen for further experiments.

DETERMINATION OF THE MINIMUM INHIBITORY CONCENTRATION (MIC)

The MIC was determined by the antifungal microdilution susceptibility standard test
proposed by the CLSI M27-A3 method (Institute Clinical and Laboratory Standards, 2008).
The inoculum was prepared in sterile saline and the transmittance of the suspensions was
adjusted to 75-77% (530 nm), followed by further dilution in RPMI-1640 buffered with MOPS
(Sigma—Aldrich, St Louis, MO, USA) medium to achieve 1.0 x 10%t0 5.0 x 10° CFU/mL. After
two-fold serial dilution of the extract, the plates were incubated at 35 °C for 48 h. The MIC was
determined by adding 0.01% of resazurin solution and the plates were incubated at 35 °C for

18 h. Any color change from blue to pink was taken as yeast growth.

FLOW CYTOMETRY

Fluorescent probes were used in order to analysis of putative effects of the hexane

extract on mitochondrial superoxide production (MitoSOX Red mitochondrial superoxide
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indicator; Molecular Probes), the mitochondrial membrane potential (rhodamine 123),
lysosomal membrane (acridine orange), and on externalization of phosphatidylserine (FITC-
labelled Annexin V) of C.gatii and C. neomorfans. In all these assays, yeast cells were
resuspended at a density of 1 x 106 cells/mL in RPMI-1640 medium supplemented with MOPS.
The extract was added at the concentrations of 2xMIC and 4xMIC, and the cells were incubated
at 37°C.

For measurement of mitochondrial superoxide production, the extract was added and
after 1 h the medium was removed and the cells were washed using PBS. Then the MitoSOX
reagent (5 uM) was added and the samples were incubated for 10 minutes at 37°C, protected
from light. The cells were washed with warm buffer (three times) and analyzed by flow
cytometry (BD Accuri™, United States; FL3 channel).

In other assays, cells were incubated with extract for 12 h and then washed with PBS
and stained with 1 pg/mL acridine orange (in the dark for 20 min), 10 pg/mL rhodamine 123
(in the dark for 10 min) or FITC-labeled annexin V (following the manufacturer’s instructions).
After the incubation, yeast cells were washed and analyzed by flow cytometry (FL3 channel
and FL1 channel for acridine orange and rhodamine 123). A minimum of 10,000 events were
analyzed in each condition. Changes in the fluorescent intensity of rhodamine 123 were
quantified using the variation index (V1) obtained by the equation (MT-MC)/MC, where MC
is the mean of fluorescent intensity of control and MT the mean of treated cells. Negative
values of VI correspond to membrane depolarization of mitochondrion, while positive values

indicate membrane hyperpolarization.

STATISTICAL ANALYSIS

Data from flow cytometry were analyzed by One-way analysis of variance (ANOVA)
and Tukey test to determine the statistical significance. A p-value of <0.05 was considered to

be statistically significant.

RESULTS AND DISCUSSION

The hexane extract used in this work was the same employed by Cordeiro et al.
(submitted) to evaluate the antioxidant and anti-Candida activities. This extract contains
flavonoids, hydrolysable tannins, saponins, terpenes and unsaturated fatty acids. The presence
of gallic acid (0.28+0.0076 g%) and hyperoside (1.27+0.0128 g%) was detected. In this work,
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the extract was evaluated for antifungal activity against C. neoformans and C. gattii strains and

mechanisms involved were investigated.

ANTI-Cryptococcus EFFECT OF THE EXTRACT

The hexane extract inhibited the growth of all Cryptococcus strains tested. The MIC
values were 0.78 mg/mL for C. neoformans ATCC 24067 and RNO1 strains and 3.12 mg/mL
for C. gattii ATCC 24065 and 547 strains. Baptista et al. (2015) reported the antifungal activity
of hexane extracts from Lavandula stoechas subsp. luisieri and Lavandula pedunculata against
C. neoformans. Lemos et al. (2005) evaluated the antifungal potential of extracts prepared with
ethyl acetete, ethanol, hexane and chloroform from Ocimum gratissimum. All the extractes were
active against 25 strains of C. neoformans, being the chloroform extract the most actibe,
inhibiting the growth of 23 strains with MIC of 62.5 pg/mL.

EXTRACT TREATMENT INCREASED THE LEVELS OF MITOCHONDRIAL
SUPEROXIDE ANION

Two strains of Cryptococcus, C. gatti e C. neoformans (one for each studied species)
were selected in order to provide insights into the subcellular events related to the actions of
hexane extract. Initially, the levels of superoxide anion in the yeast mitochondria were
evaluated after 1-h contact with this extract. As expected, low levels of fluorescence were
detected in untreated cells. The extract treatment significantly increased the production of high
levels of mitochondrial superoxide anion in both species (Figure 1). For C. gattii, the mean
fluorescence emissions in cells treated with the extract at 2xMIC and 4xMIC were 5.7 folds
and 6.5 folds higher, respectively. Similarly, the fluorescence levels increased 3.8 folds

(2xMIC) and 5.1 folds (4xMIC) as result of extract treatment in C. neoformans.
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Figure 1 - Effect of treatment with hexane extract from S. tuberosa leaves on mitochondrial superoxide anion

levels of C. gattii (A) and C. neoformans (B). (*) Significant difference in relation to untreated cells.

Alves et al. (2017) evaluated the activity of eugenol against C. gattii and C. neoformans
and found that there was an increase in the level of reactive oxygen species, which led to lipid
peroxidation, depolarization of mitochondrial membrane and damage to the integrity of
lysosomal membrane.

THE EXTRACT INDUCES DEPOLARIZATION OF Cryptococcus MITOCHONDRIAL
MEMBRANE

Given the effects of the extract on ROS production, we attempted to evaluate the
mitochondrial status after a longer period contact (18 h) of Cryptococcus with the extract. The
alterations in mitochondrial functions were evaluated by the Mitochondrial Membrane Potential
(AWm) using the variation index (VI). As expected, untreated cells (positive control) showed
high levels of fluorescence emission at FL, as they have healthy mitochondria able to
incorporate the probe (Figure 2). In contrast, heat-killed cells showed a significant reduction in
the fluorescence emission which resulted in negative VI values. The treatment with the extract
also induced the depolarization of mitochondrial membrane of both C. gattii (-0.89 and -0.93
for HE at 2xMIC and 4xMIC, respectively) and C. neoformans (-0.92 and -0.97 for HE at
2xMIC and 4xMIC, respectively).

THE EXTRACT INDUCES DAMAGE ON LYSOSOMAL MEMBRANE OF C. gattii AND

C. neoformans

The effects of the extract on the integrity lysosomal membrane of C. gattii and C.

neoformans were analyzed by incorporation of acridine orange. Untreated cells from both
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species exhibited strong levels of fluorescence emission, confirming that these cells had intact
lysosomes. When the yeasts were submitted to heat treatment lysosomal membranes lose their
ability to retain the probe. The extract also affected the lysosomal membranes integrity of C.
gattii and C. neoformans. For C. gattii, the fluorescence emission reduced 37.58% and 40.30%
when the cells were incubated with the extract at 2xMIC and 4xMIC, respectively. The same
pattern was observed for C. neoformans (reductions of 65.03% and 31.76% for extract at
2xMIC and 4xMIC, respectively) (Figure 3).
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Figure 2 - Effect of treatment with hexane extract from S. tuberosa leaves on mitochondrial membrane potential

of C. gattii (A and B) and C. neoformans (C and D). (*) Significant difference in relation to untreated cells.

THE EXTRACT INCREASED THE EXTERNALIZATION OF PHOSPHATIDYLSERINE
IN Cryptococcus gattii

Increased ROS levels have always been considered to play a key role in mediating
programmed cell death like apoptosis. Given this, we examined the extent of phosphatidylserine
externalization in C. gattii and C. neoformans by using flow cytometry in conjunction with
FITC-labeled annexin V. The percentage of annexin V-labelled cells was around 1% in
untreated yeasts from both species (Figure 4), while the heat treatment increased this number

for 30% and 20% for C. gattii and C. neoformans. The extract only significantly increased the
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percentage of FITC-labeled annexin V cells in C. gattii when added at 4xMIC. No effects were
observed in the externalization of phosphatidylserine for the treatment of C. neoformans with
the extract. These differences could be explained by the respective dose used for each strain
along with the physiological particularities of each species.
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Figure 3 - Effect of treatment with hexane extract from S. tuberosa leaves on lysosomal membrane stability of

C. gattii (A and B) and C. neoformans (C and D). (*) Significant difference in relation to untreated cells.
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Figure 4 - Effect of treatment with hexane extract from S. tuberosa leaves on externalization of
phosphatidylserine in C. gattii( A) and C. neoformans (B). (*) Significant difference in relation to untreated

cells.
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CONCLUSION

The hexane extract from S. tuberosa leaf showed antifungal activity against
Cryptococcus species by inducing damages at mitochondrial and lysosomal levels. This is first
time tests have been done with S. tuberosa species to Cryptococcus species, which is of great

importance for future studies.
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ABSTRACT

Lectins are carbohydrate-binding proteins that possess several biological properties, such as
antimicrobial activity. Spondias tuberosa Arruda is a plant typical of the Caatinga, semi-arid
region of Northeast Brazil. There is still little knowledge about bioactive compounds of this
plant, this is the first time that a lectin in S. tuberosa has been isolated and identified. This work
aimed to purify and characterize a lectin from the petioles of the leaves of S. tuberosa (StPLL).
In addition, the antibacterial activity of lectin against phytopathogenic isolates of
Pectobacterium was evaluated. StPLL was isolated (purification factor: 1.49) from the saline
extract by chromatography on chitin column. SDS-PAGE revealed a single polypeptide band
of approximately 21 kDa for StPLL. The lectin had its hemagglutinating activity inhibited by
fetuin and stable to heating until 100 °C. StPLL was active at a broad pH range (3 to 12) and its
HA was stimulated in the presence of Mg?*. StPLL showed bacteriostatic activity (MIC from
80 to 160 pg/mL) against P. carotovorum brasiliensis, P. carotovorum carotovorum and
Pectobacterium sp. isolates from arugula (UNEB-25) and lettuce (UNEB-28). Bactericidal
activity was detected only against Pectobacterium sp. UNEB-25. In conclusion, the petioles of
S. tuberosa leaves contain a chitin-binding and thermostable lectin with antibacterial activity

against phytopathogenic species.

Keywords: phytopathogens; lectin; umbuzeiro; Pectobacterium.

INTRODUCTION

Lectins are proteins that bind to specific carbohydrates, such as monosaccharides,
polysaccharides and oligosaccharide moieties of glycoconjugates. They are present in
microorganisms, animals, and plants (seeds, fruits, barks, roots, leaves). These proteins can be
identified through erythrocyte agglutination assay (hemagglutinating activity) (Coelho et al,
2012; Paiva et al 2011) and have been targets of studies due to their several biological activities,
such as antimicrobial, insecticide, anticancer, antiviral, and immunomodulatory (Moura et al.,
2015; Silva et al., 2014, Patriota et al., 2017; Lima et al., 2018).

The genus Pectobacterium is a lineage of necrotrophic bacteria that attack plant tissues
through the secretion of virulence factors and enzymes that damage the wall of plant cells (Lee
et al., 2014). These microorganisms cause disease in 24 families of angiosperms, such as

Solanaceae and Brassicaceae. They survive in soil, surface and groundwater and have been
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associated with a variety of invertebrates (Harrison et al., 1987, Hogan et al., 2013).
Pectobacterium carotovorum subsp. brasiliensis is a microorganism responsible for causing the
disease called hollow stalk or black cinnamon in plants such as tomato (Solanum lycopersicum
L.) leading to loss of fruit production and/or poor quality (Mariano et al., 2005).

Spondias tuberosa Arruda, popularly known as “umbuzeiro” or “imbuzeiro”, is a plant
typical of the Caatinga, semi-arid region of Northeast Brazil. It is a source of income for many
farmers, and also serves as food for many animals. Its roots have an enormous capacity to store
water. Its fruits, leaves, stems, petioles, and seeds are rich in phenolic compounds, vitamin C,
minerals, tannins, terpenes and proteins. Several properties are already known in traditional
medicine and already proven in the literature, such as: antimicrobial activity, antifungal,
antiviral, antioxidants. Some compounds have already been extracted and identified, such as
quercetin and rutin, but there is still little knowledge about the amount, classes and therapeutic
actions of the bioactive compounds present in this plant (Neto et al., 2010)

This work aimed to purify and characterize a lectin from the petioles of S. tuberosa
leaves (StPLL). In addition, it was evaluated the antibacterial activity of the lectin against

Pectobacterium isolates.

MATERIALS AND METHODS

PLANT MATERIAL

Leaves of S. tuberosa were collected at the Parque Nacional do Catimbau (08°37'23"
S, 37°09'21" W), Buique, Pernambuco. The plant material was identified and a voucher
specimen was deposited at the Instituto Agrondmico de Pernambuco, Recife Brazil, under the
reference number 91,090. Plant collection was authorized (number 16806) by the Instituto
Chico Mendes de Conservacdo da Biodiversidade (ICMBio) from Brazilian Ministry of

Environment.

LECTIN PURIFICATION

The petioles were detached from dried leaves (45 °C until constant weight) and
powdered using a blender. The powder was added to 0.15 M NaCl (in the proportion of 10%,

wi/v) and the suspension was stirred during 16 h a 28°C. Next, the material was passed through
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filter paper and centrifuged (9,000 g, 15 min, 4 °C). The supernatant corresponded to the saline
extract.

The extract was loaded onto a chitin (Sigma-Aldrich, USA) column (7.5 x 1.5 cm)
equilibrated with 0.15 M NaCl at a flow rate of 0.3 mL/min. The column was washed with the
equilibrating solution and the adsorbed proteins were eluted with 1.0 M acetic acid. Fractions
of 2 mL were collected and absorbance at 280 nm was monitored using a GeneQuant™ 1300
spectrophotometer (GE Healthcare Life Sciences, USA). The HA of all fractions was
determined as described in section 2.4 after dialysis. The peak of adsorbed proteins was
dialyzed against distilled water for eluent removal and evaluated for protein concentration and
electrophoretic profile as described below. This peak corresponded to the isolated S. tuberosa
petiole leaf lectin (StPLL).

PROTEIN CONCENTRATION

Protein concentration was determined according to Lowry et al. (1951) using a standard

curve (31.25-500 pug/mL) of bovine serum albumin.

HEMAGGLUTINATING ACTIVITY (HA) ASSAY

The presence of lectins along the purification steps was monitored by the HA assay
performed as described by Procopio et al. (2017b). Rabbit erythrocytes treated with
glutaraldehyde (Bing et al., 1967) were used. The sample (50 pL) was serially two-fold diluted
in 0.15 M NaCl in a row of a 96-well microplate and then 50 pL of the erythrocyte suspension
were added to each well. Erythrocytes incubated only in 0.15 M NaCl were used as control.
The number of HA units corresponded to the reciprocal of the highest sample dilution that
promoted full agglutination of erythrocytes. Specific HA (SHA) was defined as the ratio
between HA and the protein concentration (mg/mL). The erythrocytes were collected as
approved by the Ethics Committee on Animal Use of UFPE (process 23076.033782/2015-70).

HA inhibition assay was performed using 0.2 M monosaccharides (glucose, mannose,
fructose, and N-acetyl-D-glucosamine) and 0.5 mg/mL glycoproteins (fetuin and ovalbumin).
In these assays, the 0.15 M NaCl solution was replaced by the carbohydrate/glycoprotein

solutions and a incubation step of 15 min was included before the addition of erythrocytes.

POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)
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The sample (100 pg) was submitted to PAGE in presence of sodium dodecyl sulfate
(SDS) in 12% (w/v) acrylamide gel prepared according to Laemmli (1970). Polypeptide bands
of the lectin and molecular mass markers (bovine serum albumin, 66 kDa, ovalbumin, 45 kDa,
glyceraldehyde-3-phosphate dehydrogenase, 36 kDa, bovine carbonic anhydrase, 29 kDa,
bovine trypsinogen, 24 kDa, soybean trypsin inhibitor, 20.1 kDa, a-lactaloumin, 14.4 kDa) were
stained with 0.02% (w/v) Coomassie Brilliant Blue R 250 in 10% (v/v) acetic acid.

EFFECTS OF TEMPERATURE, PH AND IONS ON LECTIN HA

To evaluate the thermostability of the lectin, it was incubated at different temperatures
(30-100 °C) for 30 min prior to the HA assay. For pH stability, the lectin was incubated in
different buffers with pH values between 4.0 and 12.0 for 12 h at 4 °C and then HA was
determined. Finally, the HA of StPLL was determined in presence of 20 mM CaCl. or MgCl>

ions.

MICROORGANISMS

The phytopathogenic bacteria Pectobacterium carotovorum brasiliensis UNEB-23,
Pectobacterium carotovorum carotovorum UNEB-2, Pectobacterium sp. isolated from arugula
UNEB-25, and Pectobacterium sp. isolated from lettuce UNEB-28 were obtained from the
Phytopathology Laboratory of the Departamento de Tecnologia e Ciéncias Sociais from the
Universidade do Estado da Bahia. The bacteria were grown In Nutrient Yeast Dextrose Agar
(NYDA) overnight at 37 °C. The colonies were suspended in sterile 0.15 M NaCl and the optical
density at 600 nm (ODgoo) Was adjusted to equivalent of 10° colony-forming units (CFU) per

mL.

ANTIMICROBIAL ASSAY

The minimum inhibitory concentrations (MIC) of StPLL were determined by the broth
microdilution test. In 96-well microtiter plates, the sample (passed through a 0.22 pm PVDF
syringe filter) was added (80 pL) into the third well, from which it was serially diluted in sterile
Milli-Q water to the twelfth well of the same row. Subsequently, 40 uLL of NYD medium was
added to all wells, except the first, which was filled with 200 pL of the culture medium
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(corresponding to the sterility control). Finally, the microbial suspension (80 uL; 10 CFU/mL)
was added from the second well until the last well in the row. The second well (containing
microorganisms in the absence of the sample) corresponded to the 100% growth control. Plates
were incubated at 37 °C and ODeoo Was measured at time zero and after 24 h of incubation. The
MIC corresponded to the lowest concentration of StPLL capable of promoting a reduction
>50% in ODeoo as compared with the 100% growth control.

For the determination of MBC, aliquots (10 pL) of the wells containing StPLL
concentrations >MIC were inoculated into petri plates containing NYDA, which were
subsequently incubated at 37 °C for 24 h. The MBC corresponded to the lowest concentration
of StPLL capable of reducing the number of CFU by 99.9% in regard with the initial inoculum.
Each assay was performed in triplicate and three independent experiments were performed.

RESULTS AND DISCUSSION

The saline extract showed high HA and the protein concentration (Table 1).
Chromatography of the extract on chitin column (Figure 1) resulted in a peak of non-adsorbed
proteins (P1) that were not able to agglutinate erythrocytes and a peak of proteins that bound to
the chitin matrix (P2) and showed HA higher than that of the extract (Table 1), resulting in a
purification factor of 1.49. SDS-PAGE of P2 revealed a single polypeptide band of
approximately 21 kDa (Figure 1, inset), revealing the homogeneity of the preparation. Then, P2

was denominated StPLL.

Table 1 - Summary of the purification of s. tuberosa petiole leaf lectin (StPLL)

Sample Protein HA Specific HA Purification fator
(mg/mL)

Extract 24.7 512 20.8 1.0

StPLL 0.516 16 31.00 1.49

HA: hemagglutinating activity. Purification factor corresponds to the ratio between the specific HA in

the step and the specific HA of the extract.
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Figure 1 - Purification of S. tuberosa petiole leaf lectin (StPLL). Chromatography of extract on chitin column
equilibrated with 0.15 M NaCl. Adsorbed proteins were eluted with 1.0 M acetic acid. The inset shows SDS-
PAGE of StPLL.

To date, there are no reports in the literature of the presence of lectins in S. tuberosa, so
this work is extremely important for the contribution of a new agent against plant pathogen
species. However, lectins have already been purified from other species of plants belonging to
the family Anacardiaceae. Three chitin binding lectins were isolated from M. urundeuva tissues,
which showed insecticidal activity against Nasutitermes corniger and A. aegypti (Sa et al., 2008,
2009; Napoledo et al., 2011). Gomes et al. (2013) also purified a chitin-binding lectin from the
leaves of Schinus terebinthifolius (SteL.L). Lectin capable of interacting with fetuin was also
isolated from the bark of Anacardium occidentale (Maciel et al., 2012).

The results of this work show that StPLL had its activity inhibited only by fetuin. Some
lectins showed a preference or are ony able to bind complex sugars, such as the oligosaccharide
moiety of glycoproteins. Similarly to StPLL, the lectins from Alpinia purpurata inflorescence
and Microgramma vacciniifolia frond had their HA only inhibited by glycoproteins (Brito et
al., 2017; Patriota et al., 2017).

StPLL maintained its ability to agglutinate erythrocytes after heating at all the
temperatures tested. The thermostability of lectins is not uncommon. Lectins from M.
urundeuva bark, heartwood and leaf as well as from Moringa oleifera seeds remained active
even after heating at 100 °C (Coelho et al., 2009; Sa et al., 2009; Napoledo et al., 2011).
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The lectin was active at all the pH values (3 to 12) and its HA was stimulated in the
presence of Mg?*. These results indicate that StPLL may be useful for evaluations in many
assay conditions and that the addition of magnesium ions may be employed to potentiate its
carbohydrate-binding ability. The lectin from A. purpurata inflorescences is also stimulated by
divalent cations (Brito et al., 2017).

StPLL showed bacteriostatic activity against all the Pectobacterium isolates (Table 2).
However, bactericide activity was detected only against Pectobacterium sp. UNEB-25. These
results are very interesting since the current strategies use in chemical control of these
phytopathogens have been not effective (Gardam et al., 2007).

The antibacterial activity of lectins may be a consequence of the interaction with
teicuronic and theicuronic acids, peptideoglycans and lipopolysaccharides of the cell wall. The
lectins can form pores on the surface of the bacterial or fungal cells, causing leakage of the
cellular content (Paiva et al., 2010; Moura et al., 2015). In addition, these proteins can affect
physiological processes of the microorganisms due to their interaction with glycoconjugates in
the membrane of the microorganism which can generate intracellular responses, resulting in
inhibition of growth and/or death (Gomes et al., 2014; lordache et al., 2015).

Table 2- Antibacterial activity of s. tuberosa petiole leaf lectin (StPLL)

Bacteria StPLL (ug/mL)
MIC MBC
Pectobacterium carotovorum brasiliensis 80 ND
Pectobacterium carotovorum carotovorum 80 ND
Pectobacterium sp. UNEB-25 (arugula) 80 160
Pectobacterium sp. UNEB-28 (lettuce) 160 ND
MIC: minimal inhibitory concentration. MBC: minimal bactericidal concentration. ND: not
detected.
CONCLUSION

The petioles of S. tuberosa leaves contain a chitin-binding and thermostable lectin with
antibacterial activity against phytopathogenic species. The isolation of this bioactive protein

stimulates future studies on their biotechnological potential and the conservation of the plant.
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5 CONCLUSOES

Extrato hexanico de folhas de S. tuberosa, contendo flavonoides (dentre eles o
hiperosideo), hydrolysable tannins (&cido galico), saponinas, terpenos e e &cidos graxos)
apresentou atividade antioxidante moderada sobre os radicais DPPH e ABTS. O extrato
apresentou atividade antifingica sobre espécies de Candida e Cryptococcus. A acgdo
antifungica contra Candida glabrata, Cryptococcus neoformans e Cryptococcus gattii
envolve causar danos a nivel mitocondrial e lisossomal. Ainda, 0 extrato ndo apresentou
atividade hemolitica, um indicativo da seguranca do seu uso.

O peciolo das folhas contém StLPL, uma lectina ligadora de quitina, termoestavel e ativa
contra bactérias fitopatogénicas do género Pectobacterium.

Os resultados demonstram o potencial do umbuzeiro em fornecer moléculas de relevancia

biomédica e na agricultura, estimulando sua valorizagéo e conservacéao.
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Abstract

Background: Spondias tuberosa is a plant that produces a fruit crop with high economic relevance at Brazilian
Caatinga. Its roots and leaves are used in folk medicine,

Methods: Chemical compaosition of a hexane extract from 5. tuberosa leaves was evaluated by thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLO) and "H nuclear magnetic resonance (NMR).
Antioxidant potential was investigated by DPPH and ABTS assays. Antifungal action on Candida species was
evaluated determining the minimal inhibitory concentration (MIC.p) and putative mechanisms were determined by
flow cytometry analysis, In addition, hemolytic activity on human enythrocytes was assessed and the concentration
required to promote 50% hemolysis (EC.) was determined.

Results: Phytochemical analysis by TLC showed the presence of flavonoids, hydrolysable tannins, saponins and
terpenes. The HPLC profile of the extract suggested the presence of gallic acid (0.28 + 001 g%) and hyperoside (1.
27 +0.01 g%). The representative "H NMR spectrum showed saturated and unsaturated fatty acids among the main
components. The extract showed weak and moderate antioxidant activity in DPPH (Csp 234.00 pgdml) and ABTS
(s 12333 pg/ml) assays, respectively. It was able to inhibit the growth of C albicans and C glabrata with MIC.,
of 2.0 and 0078 mg/mL, respectively. The treatment of C glabrata cells with the extract increased levels of
mitochondrial superoxide anion, caused hyperpolarization of mitochondrial membrane, and compromised the
lysosomal membrane, Weak hemolytic activity (ECay: 7408 pg/mil) was detected.

Conclusion: The results demaonstrate the pharmacological potential of the extract as antioxidant and antifungal
agent, aggregating biotechnological value to this plant and stimulating its consenvation,
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Background
Brazil has one of the world highest levels of plant diver-

sity and the north and northeast regions of the country
concentrate much of this diversity, In the semi-arid re-
gion of northeastern Brazil (known as Caatinga) there
are several kinds of plants employed in popular culture
for the treatment of human diseases. In spite of the great
diversity of Caatinga, there are still few studies on the
potential of bioactive compounds coming from the
plants of this region [1-3].

Spondias tuberosa Arruda, popularly known as “umbu-
zeiro” or “imbuzeiro”, is an endemic plant of Caatinga,
adapted to survive and produce fruits even under hydri-
cal and salt stress [4]. Several medicinal properties of S.
tuberosa have been described, including treatment of di-
gestive disorders, diabetes, menstrual cramps, diarrhea,
inflammation of the kidneys, bacterial infections, and
foot pain |5-7]. Tannins and flavonoids are found in the
bark (8] and the fruits contain anthocyanins, ascorbic
acid, minerals, flavonoids and carotenoids [9]. The high
tannin content and the presence of natural antioxidants
give to S. tuberosa fruits a functional appeal [10]. Hydro-
ethanolic extract of leaves from S. tuberosa containing
chlorogenic acid, caffeic acid, rutin and isoquercitrin
demonstrated anti-inflammatory action [11]. Methanolic
extract of the leaves showed in vitro activity against sev-
eral strains of Gram-negative bacteria [2].

The chemical characterization of plant extracts allows
the identification of chemical markers and suggests poten-
tial bioactivities that can be investigated. For example, fla-
vonoids are secondary metabolites that have great
pharmacological importance, since they act in the preven-
tion of degenerative diseases. Among the biological prop-
erties described for these compounds, it can be
highlighted cytotoxic, thrombolytic, anti-inflammatory,
antitumor, vasorelaxant and antioxidant activities [11-13].
Other phenolic compounds such as tannins and anthocya-
nins are also considered important antioxidant agents.
Natural antioxidants play an important role in health care
as they provide protection from oxidative stress and asso-
ciated diseases [14].

Natural products have also been considered an important
source of bicactive compounds against infectious diseases
[11]. Fungal infections have increased gradually over the last
30 years, becoming one of the more relevant public health
agents of invasive fungal infections, which are responsible for
high mortality and morbidity rates throughout the world
[15-17]. These fungi have developed resistance mechanisms
against antibiotics, favoring the persistence and progression
of the infection even when antifungal therapy is adequately
performed [18]. Candida albicans, Candida krusei, Candida
prevalent causers of candidiasis [19, 20].

79

(2018) 18:284 Page 2 of 10

In this context, this work reports the chemical com-
position of a hexane extract from leaves of S. tuberosa as
well as the evaluation of the antioxidant potential and
antifungal action on Candida species. Mechanisms in-
volved in the antifungal activity against the most sensi-
tive species were investigated. In addition, hemolytic
activity was assessed as safety parameter to determine
whether the extract would be able to damage erythro-
cytes membrane.

Methods
Materials
Leaves of S. tuberosa were collected at the Parque
Nacional do Catimbau (Coordinates 08°37°23" S, 37°
0921 W), Buique, Pernambuco. The plant material was
identified by Dr. Alexandre Gomes da Silva, and a vou-
cher specimen was deposited at the Instituto Agronémico
de Pernambuco, Recife, Brazil, under the reference num-
ber 91,090. Plant collection was authorized (number
16806) by the Instituto Chico Mendes de Conservagio
da Biodiversidade (ICMBio) from Brazilian Ministry of
Environment. The access was recorded (A1503A6) in
the Sistema Nacional de Gestdo do Patriménio Genético
e do Conhecimento Tradicional Associado (SisGen).
Stored cultures of Candida albicans (URM 5901, from
ungual scales), Candida parapsilosis (URM 6951, clinical
isolate), Candida glabrata (URM 4246, from blood of
AIDS patient), and Candida krusei (URM 6391,
from human blood) were obtained from the Culture
Collection of the University Recife Mycologia (URM),
Departamento de Micologia, Universidade Federal de
Pernambuco (UFPE).

Extract preparation

The leaves were dried in a forced air convection oven at
45 °C until constant weight. After drying, they were pow-
dered using Willye-type mill (model TE650; Tecnal,
Brazil) and the powder was stored protected from light
and moisture at 28 “C until use. The extract was prepared
in a Soxhlet apparatus using 100 g of the powdered leaves
and 1 L of »n-hexane. The solvent was evaporated at
75 rpm and 644 °C in a HBI10 rotary-evaporator (IKA
Works, Wilmington, NC, USA). The resulting material
after solvent evaporation corresponded to the extract.

Thin-layer chromatography

An amount of 1 mg of the extract was dissolved in 1 mL
of methanol. The sample was taken to the ultrasound for
30 min for complete solubilization. All standards (Table 1)
were used at the concentration of 1 mg/mL in methanol.
The sample and standards were applied manually on silica
gel 60-F254 chromatography plates (Macherey-Nagel,
Germany) and the different mobile phases and chromo-
genic agents used are shown in Table 1 [21-23]. The
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Table 1 Elution systems, chromogenic agents, and standards used in the phytochemical analysis of the hexane extract from

Spondias tuberosa leaves with thin-layer chromatography (TLC)

Classes Mobile phase Cheomogenic agent Standards

Polyphenals (Hydralysable tanning A5G MEU 4 PEG Gl acicd and Ellagec acid (Sigma-Addeich, LISA)
Cordensed tanmins Wbk Chiloridae vanillin Catechin (Sigma-Aldnich, USA)

Flawvonolds Q55 MEU ¢ PEG Ouercetin and Rutin (Sigma-Aldich, USA)
Cinnarmic dervatives Q-hh INEU + PEG Callesc acid and Chiorogenic acd (Sigma-Aldrich, LISA)
Terpenes and stenoids PV Lieberman-Burchard + A Pratosterol (Sigma-Aldnch, LUSA)

Cowmaring S0:50:50 KM 1 A Coumann [Phytolab, Braeil)

Saponins 100111126 Lieberman-Burchard + A Escn (Sigrma-Aldrich, LUSA)

Reducing sugirs SO-R000 Thyrmed 1 HZ50, 10% 1 A D lructose (COheomaliesx, LSA)

Mlkaloids SIS Diragendor Pilocarpine nitrate (Sigma-Aldach, USA)
Anthraguinones 506,755 HNC & KOH 10% Sennoside A (Sigma-Aldnich, LISA)

Symtema: 9055 ~ ethyl acetate: formic acid: water; 7030 - toluene: soetate; 50:50:50 ~ ethyl eter: ethyl acetate: 10% acetic ackd (saturation]; 100:11:11:26 -

ethyl

acetate: acetic acid: Tommic acick water; 50200000 — ethyl soetabe: scetic ackd: Tormic acid: waler; 5006755 ~ ethyl soetate; methanol; water, NEL Neu's reagenl.

PG polyethylene ghyeool

following secondary metabolites classes were investigated:
steroids, flavonoids (aglycones and heterosides), cinnamic
derivatives, mono-, tri- and sesquiterpenes, alkaloids and
coumarins,

High-performance liquid chromatography coupled to
diode array detector (HPLC-DAD) analysis

The extract was analyzed by high-performance liquid chro-
matography (HPLC) in an Ultdmate 3000 coupled to a
diode array detector (DAD) and equipped with a binary
pump (HPG-3x00RS), degasser and automatic sampler with
a loop of 20 pl (ACC-3000). All these equipments were
from Thermo Fisher Scientific (USA). An amount of 025 g
of the hexane extract was weighed, transferred to a 25-ml
volumetric flask and diluted with methanol. The solution
was taken to the sonicator during 15 min to complete
solubilization (stock solution). After solubilization, an ali-
quot (1 mL) of the stock solution was transferred to a
10-mL volumetric flask and the volume was completed
with ultrapure water (Purelab, Elga LabWater, USA).
Hyperoside (HW1 Analytic Gmb, Germany) and gallic acid
(Sigma-Aldrich, USA) solutions (1 mg/mL in methanol)
were used as standards. The sample solution and standard
solutions were filtered (045 pm PVDF membrane). The
chromatography was performed in a Dionex® Cg column
(250 mm x 46 mm di, 5 pm) equipped with a Phenom-
enex” Cyy pre-column (4 mm x 3.9 pm) at 26 “C. The wave-
lengths were set at 270 and 350 nm for detection of
hydrolysable tannins and flavonoids, respectively. The mo-
bile phase was composed by ultrapure water (A) and
methanol (B), both acidified with 0.05% (v/v) trifluoroacetic
acid, and the flow rate was adjusted to 0.8 mL/min. The fol-
lowing gradient program was used: 0—10 min, 5-20% B;
10135 min, 20-25% B; 13.5-18 min, 25-40% B; 18-
25 min, 40-80% B; 25-30 min, 80% B; 30-34 min, 80-5%
B; 3436 min, 5% B. The data were analyzed and processed

using the software Chromeleon 6.8 (Dionex, Thermo Fisher
Scientific, USA). The peaks of substances in the hexane ex-
tract were identified by comparing the retention times, UV
spectra and subsequently, by spiking the sample with a
small amount of the standards. The contents of hyperoside
and gallic acid in the extract were calculated based on
standard at different concentrations: hyperoside — y=
38841x — 11663 (R” = 0.9987); gallic acid — y = 1.2097x —
0.9732 (R = 0.9996). The results were expressed as mean +
standard deviation.

Nuclear magnetic resonance (NMR) experiments
One-dimensional and two-dimensional nudear magnetic
resonance (NMR) experiments were acquired in deuterated
dimethylsulfoxide (DMSO-d), using NMR Bruker AVANCE
1l 400 spectrometer, operating at 9.4 Tesla, observing 'H
and "C nuclei at 400 and 100 MHz, respectively. The
spectrometer was equipped with 5-mm multinudear direct
detection probe (BBO). Due to the low sample concentration
mﬂhmdmhﬂwmm H
une—bomihetemmx:lﬂr[]HmC]mﬂhmtmudw[H’}{]
correlations were assessed by HSQC and COSY experi-
ments. "H and "C NMR chemical shifis are given in ppm
referenced to TMSP-d; signal at 0.00 ppm.

Antioxidant activity

Free radical scavenging activity by DPPH (2.2-diphenyl-1-
picrylhydrazyl) assay

Antioxidant activity of the hexane extract was evaluated
by the DPPH scavenging assay according to Mascato et al.
[24], with some modifications. The hexane extract was di-
luted in methanol to reach concentrations ranging from
15.625 to 1000 pg/mL. In each assay, 270 pL of the DPPH
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solution (23.6 pg/mL in methanol, prepared on the day of
the analysis) was added to the sample (30 plL). Methanol
(30 pL) was used in the negative control. After 30 min in
the dark, the reduction of DPPH was determined by
measuring the colorimetric change at 517 nm. Ascorbic
acid (05, 1, 2, 3 and 4 pg/ml, in ethanol) was used as
standard. The antioxidant concentration required to de-
crease 50% of the DPPH present (1C;0) was determined by
exponential regression analysis. Two independent experi-
ments were performed in triplicate. Samples were classi-
fied according to the 1Cy, as follows: 1Cy, <50 pg/ml.,
very strong antioxidant; 50 <1C;< 100 pg/ml, strong
antioxidant, 101 <1C;,< 150 pg/ml, moderate antioxi-
dant; 1C, > 150 pg/mlL, weak antioxidant [25].

ABTS [2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid]
assay

The radical ABTS' was generated by oxidation of an ABTS
solution (7 mM) with 245 mM potassium persulfate sohu-
tion. The mixture was allowed to react for 12 h in the dark
at 25 “C before use. For the test, the ABTS' stock solution
(1 mL) was diluted in 60 ml. of methanol to obtain an
absorbance of 0.70 + 0.02 at 734 nm. Next, 2.7 mL of this
solution was added to 0.3 mL of 05, 1.0, 2.0, 3.0, 4.0 and
5.0 pg/mL Trolox" (standard) solutions prepared in metha-
nol or 31.25, 62.5, 125, 250, 500 and 1000 pg/mL of extract.
The absorbance was taken 6 min after the adding of the
radical at 734 nm. The test was performed in triplicate. The
extract concentration required to decrease 50% of the
ABTS' content (ICy,) was determined by linear regression.
Samples were classified according to the 1C;, as described
in the previous section.

Antifungal assay
The yeasts were cultured in Sabouraud Dextrose Broth
(SDB) at 28 °C for 16 h under gentle shaking. Next, the
optical density at 600 nm (ODgqq) of the cultures was ad-
justed in order to correspond to 3 x 10° CFU/mL. In each
row of a 96-well microplate, 100 pL of the hexane extract
(8.0 mg/mL) were serially diluted (1:1) in SDB and 20 uL
of yeast culture were added to each well. Wells containing
only the culture medium were used as sterility control
while the 100% growth control contained the microorgan-
ism in culture medium. In addition, it was performed a
blank composed by the extract diluted in culture medium.
The ODgyo was recorded at time zero and after incubation
at 28 °C for 24 h. The increase in ODgy was considered
as fungal growth. The minimal inhibitory concentration
(MICsg) corresponded to the lowest extract concentration
able to promote a reduction higher or equal to 50% in
growth. Each assay was achieved in triplicate and three in-
dependent experiments were performed.

The supernatant (10 pL) from each well containing the
extract at concentration higher or equal to the MICs,
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was transferred to Sabouraud-Dextrose Agar plates and
incubated for 24 h. The minimal fungicidal concentra-
tion (MFC) corresponded to the lowest extract concen-
tration able to reduce the number of CFU in 99.9%.
Each assay was carried out in triplicate in three inde-
pendent experiments.

Flow cytometry analysis

Fluorescent probes were used in order to analyze puta-
tive effects of the extract on mitochondrial superoxide
production, the mitochondrial membrane potential, and
lysosomal membrane of C. glabrata cells. In all these as-
says, yeast cells were resuspended at a density of 1 x 10°
cells/mL in RPMI-1640 medium supplemented with
MOPS. The extract was added at the concentrations of
2 x MIC (0.156 mg/mL) or 4 x MIC (0.312 mg/mL), and
the cells were incubated at 28 “C.

For measurement of mitochondrial superoxide pro-
duction, the extract was added and, after 1 h, the
medium was removed, and the cells were washed using
PBS. Then the MitoSOX Red mitochondrial superoxide
indicator (Molecular Probes, Invitrogen, Carslabad, CA,
USA) at 5pM was added and the samples were incu-
bated for 10 min at 37 *C, protected from light. The cells
were washed with warm buffer (three times) and ana-
lyzed by flow cytometry (FL3 channel, Accuri™, BD Bio-
sciences, San Jose, CA, USA).

In other assays, cells were incubated with extract for
12 h and then washed with PBS and stained with 1 pg/
mlL acridine orange (lysosomal dye) in the dark for
20 min or 10 pg/mL rhodamine 123 (to assay mitochon-
drial membrane potential change) in the dark for
10 min. After the incubation, yeast cells were washed
and analyzed by flow cytometry (FL3 channel and FLI1
channel for acridine orange and rhodamine 123. respect-
ively). A minimum of 10,000 events were analyzed in
each condition. Changes in the fluorescent intensity of
rhodamine 123 were quantified using the variation index
(V1) obtained by the eq. (MT-MC)/MC, where MC is
the mean of fluorescent intensity of control and MT the
mean of treated cells. Negative values of VI correspond
to membrane depolarization of mitochondria, while
positive values indicate membrane hyperpolarization.

Hemolytic assay

The hexane extract was evaluated for hemolytic activity in
96-well microplates according to Costa-Lotufo et al. [26].
Each well received 100 pL of a 0.85% (w/v) NaCl solution
containing 10 mM CaCl,. Next, samples (100 uL) of the
extract at 10 to 2500 pg/mL were added to the wells. Fi-
nally, each well received 100 pL of a 2% (v/v) suspension
of human erythrocytes in 0.85% saline containing 10 mM
CaCl,. In negative control, 150 pL of the saline solution
plus 50 pL of 5% (v/v) DMSO were plated. Positive
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control (to obtain 100% hemolysis) contained 20 pl. of
0.1% (v/v) Triton X-100 in 180 pl of saline solution. After
incubation for 1 h at 27 *C and centrifugation, the super-
natant was discarded, and the amount of released
hemoglobin was measured by absorbance at 540 nm.
Three independent experiments were performed in tripli-
cate, Extract was considered active whether the EC,, value
was lower than 200 pg/ml. |26].

Statistical analysis

Standard deviations (SD) were calculated using GraphPad
Prism version 4.0 for Windows (GraphPad Software, San
Diego, California, USA) and data were expressed as a
mean of replicates + SD. Significant differences between
treatment groups were analysed by Student’s f-test
(significance at p < 0.05) using Origin 6.0 program.
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Results

The phytochemical analysis by TLC of the hexane ex-
tract from 5. tuberosa leaves showed the presence of
flavonoids, hydrolysable tannins, saponins and terpenes.
The HPLC profile of the extract at 270 nm (Fig. 1A, a)
showed three main peaks (retention times 10.197, 25.403
and 26223 min). The first peak probably corresponded
to gallic acid (peak 1), in comparison with retention time
of the standard (10.23 min; Fig. 1A, b). The chromato-
gram at 350 nm (Fig. 1B, a) showed main a peak at
25433 min, which corresponds to a flavonoid (peak 2)
since it was also observed at 270 nm. According to the
retention time of the standard hyperoside (Fig. 1B, b),
this peak is similar to this compound. These results were
confirmed by the increase in the area after spiking the
extract with the standards gallic acid (Fig. 1A, ¢) and
hyperoside (Fig. 1B, c). The equivalent contents of
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Fig. 1 HPLC-DAD analysis of hexane extract from Spondias iwberosa leal Chromatographic fngerprint at 270 (a) and 350 (b) nm showed the
presence of gallic acid (1) and hyperoside (2), as indicated by the retention times. © Scanning spectra of peaks 1 and 7
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hyperoside and gallic acid calculated were 127+
0.01 g% and 0.28 £ 0.01 g%, respectively.

The representative 'H NMR spectrum of hexane extract
of 8. tuberosa leaves revealed typical signals of fatty acid
methyl esters (Fig. 2), which is expected for an extract ob-
tained using a non-polar solvent. The resonances related
to aliphatic hydrogens of all fatty acids can also be visual-
ized in the figure. Methylene groups appeared at 1.16
1.35 ppm, while the signal at 1.49 ppm corresponds to [}
carbonyl group hydrogens. Characteristic resonances of
methylene alpha-olefins of all unsaturated fatty acids were
observed at 1.98 ppm. The presence of methylene hydro-
gens between two olefins and alpha carbonyl hydrogens
could be noticed at 2.77 and 2.34 ppm, respectively. The
signal at 0.84 ppm corresponds to methyl groups of all
fatty acids, except for the methylic hydrogens of n-3 poly-
unsaturated acyl groups that are easily identified as a trip-
let at 1.06 ppm [27, 28]. It should be pointed out that the
fatty acid acyl chains are not esterified to glycerol back-
bone, as typical signals of it were not observed. Another
way of corroborating such information would be by check-
ing the signal around 3.67 ppm, which is associated with
the methoxy group of fatty acid methyl esters. However, in
our experiment the residual water signal compromised the
obtainment of such information. Finally, the signal at
5.33 ppm (olefinic hydrogens) connected to the carbon at
129.5 ppm indicated the presence of unsaturated fatty
acids. The presence of hydrogens of phenolic compounds
could be observed by signals between 6 and 8 ppm.

The hexane extract was evaluated for antioxidant ac-
tivity by the DPPH scavenging assay. The results showed
that the increase in the extract concentration led to

83

(2018) 18:284 Page 6 of 10

higher inhibition of this free radical. An 1Cy, value of
234 pg/ml was calculated. The results from ABTS assay
showed that the 1C,, values were 123.33 and 1.72 pg/mL
for the hexane extract and the positive control Trolox®,
respectively.

The antifungal assays showed that the hexane extract
was able to inhibit the growth of C. albicans and C.
glabrata with MICy, values of 2.0 and 0.078 mg/mL., re-
spectively. Candida parapsilosis and C. krusei did not
have their growth affected by the extract. Fungicidal ef-
fect was not detected.

The effect of the extract on superoxide production by
C. glabrata cells was evaluated. The results (Fig. 3A)
showed that low levels of fluorescence were detected in
untreated cells while high levels of mitochondrial super-
oxide anion were induced by treatment with the extract
for 1 h (5.8 and 5.2 folds for 2x MICs, and 4x MIC.,,
respectively, when compared with untreated yeasts). No
statistical differences were observed between the amount
of superoxide induced by the two concentrations tested.

Alterations in mitochondrial functions induced by the
extract were evaluated by measuring changes the mito-
chondrial membrane potential (AWm) using the vari-
ation index (VI). Healthy cells incorporated the probe
rhodamine 123 and showed high levels of fluorescence
emission. The fluorescence intensity was significantly in-
creased by extract treatment when compared with un-
treated cells (Fig. 3B), resulting in positive VI values
(7.65 folds for 2x MIC,, and 5.15 folds for 4x MICy,).

The lysosomal function was analyzed using an acridine
orange-based assay. As expected, the yeast cells that were
not treated with the extract exhibited a strong fluorescence
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emission, confirming that these cells had intact lysosomes.
On the other hand, the extract treatment compromised the
lysosomal membrane of C. glabrata, as seen by the lower
levels of fluorescence emission than control cells (Fig. 3C).
The fluorescence emission reduced 41.98% and 2691%
when the cells were incubated with the extract at 2x MICg,
and 4x MICy,, respectively.

The hexane extract was also evaluated for hemolytic
activity against human erythrocytes, The ECg value de-
termined was 740.8 + 61.09 pg/ml.

Discussion

Many works have studied the chemical composition and
biological activities of extracts from S, tuberosa tissues, in-
cluding the leaves, obtained using polar organic solvents.
For example, methanolic extract from S. tuberosa leaves
contained phenols, tannins, flavones, flavonoids, leu-
coanthocyanidins and saponins [2] and Uchéa et al. [29]
reported that extracts from the leaves of S. tuberosa in
methanol and ethyl acetate were rich in flavonoids and

triterpenes as well as also contained cinnamic derivatives.
Analysis of a hydroethanolic extract from leaves of this
plant also evidenced the presence of flavonoids [11]. In
the present work, we aimed to evaluate the composition
of an extract from S. tuberosa leaves obtained with hexane,
a non-polar solvent. Interestingly, the classes of com-
pounds detected by TLC were also present in the extracts
mentioned above, produced using solvents with higher
polarity. Particularly, the presence of flavonoids and hy-
drolysable tannins in the hexane extract caught our atten-
tion and stimulated a more in-depth evaluation by HPLC
analysis. Indeed, the presence of compounds similar to
gallic acid and hyperoside was confirmed.

Siqueira et al. [11] showed through HPLC-DAD ana-
lysis that a hydroethanolic extract of S tuberosa leaves
presented a large number of phenolic compounds and
derivatives of flavonoids; they identified the presence of
chlorogenic acid, caffeic acid, rutin, and isoquercitrin.
Silva et al. [2] identified the presence of rutin, quercetin
and ellagic acid in the methanolic extract of S, tuberosa
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leaves. These compounds were not detected in the hex-
ane extract of 5. tuberosa leaves described herein, which
is probably due to the chemical characteristic of the hex-
ane, which did not favor the extraction of high content
of polar compounds. In spite of this, a specific flavonoid
(probably hyperoside or a very similar compound) was
efficiently extracted from the leaves using this solvent,
The hyperoside is the 3-0-galactoside of quercetin and
has been described in the literature as anticancer,
anti-inflammatory, and antioxidant agent. In addition,
this compound was shown to act in the protection of
liver fibrosis and prevention of memory deficit [30-32).

According to the classification of Fidrianny et al. |25],
the hexane extract of 5 tuberosa leaves is considered a
weak DPPH scavenger. However, the hexane extract
from 5. tuberosa leaves showed higher DPPH scav-
enging activity than extracts of Spondias pinnata, which
showed 1Cy, ranging from 0.73 to 0.59 mg/mL [33). The
hyperoside possesses DPPH scavenging activity with an
1Cs of 275 mM |34] and polyunsaturated fatty acids
may act as antioxidants [35). Thus, flavonoids and fatty
acids may be involved in the antioxidant property of the
hexane extract of 5 tuberosa leaves.

According the results from ABTS assay, the extract is a
moderate antioxidant. Floegel et al. |36] reported that
high-pigmented and hydrophilic antioxidants in a variety
of foods were better reflected by the ABTS assay in com-
parison with the DPPH assay. Indeed, the hexane extract
of 5 tuberosa leaves used in this work is highly pigmented
and one of its main compounds is similar to hyperoside, a
water-soluble compound. This may explain the better re-
sult obtained with ABTS in comparison with DPPH assay.
The antioxidant properties of hyperoside have been dem-
onstrated; for example, it protected endothelial cells
against oxidative damage by hydrogen peroxide [37].

The hexane extract showed an interesting activity
against C glabrata, as seen by its low MICs, value. Dal-
I'Agnol et al. [38] reported that crude extracts of Hyperi-
crn containing the hyperoside showed no activity against
yeasts. On the other hand, polyunsaturated fatty acids
have demonstrated antifungal properties against Candida
species [39].

Given the highest activity of the hexane extract against
C. glabrata (as seen by its low MICg, value), we attempted
to analyze some subcellular alterations induced by this ex-
tract. The results demonstrate that the extract induced
the production of mitochondrial superoxide anion and hy-
perpolarization of mitochondrial membrane. In addition,
the extract damaged the lysosomal membrane of C
glabrata cells. Lysosomal membrane damage leads to
release of cathepsins from into the cytosol where they
participate in apoptosis signaling [40].

According to Costa-Lotufo et al. [26], a sample must
present ECsp <200 pg/mL to be considered hemolytic,
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Thus, the hexane extract from 5. tuberosa leaves is
considered no hemolytic, which is initial evidence to de-
termine its safety.

Conclusion
A hexane extract from S tuberosa leaves containing flavo-

noids, hydrolysable tannins, saponins, terpenes and unsat-
urated fatty acids showed moderate antioxidant activity and

antifungal effect on C glabrata. Antifungal mechanisms
against C. glabrata include increase in levels of mitochon-
drial superoxide anion, hyperpolarization of mitochondrial
membrane, and damage (o the lysosomal membrane. The
extract showed weak hemolytic activity, which is important
information for future studies to be performed at in vivo
conditions. The results demonstrate the pharmacological

potential of the extract, aggregating biotechnological value
to this plant and stimulating its conservation.

Abbreviations

ARTS: 32 -adno-bis(3-cthylberethiambne G-sulfonic) ackd, CFU: Colomy-foming
umits; DMVSCE Dimethylsulioeice; DPPHE 2,2-diphoryd- 1-plondhydranyd.

E Elfective concentration requined 1o promote SO0 homalysis, HPLC-

DAl High-pedormanoe liquid cheomatography coupled 1o diode sy detooior
analysts; 0oy concentration requined to decrease 50% ol the free radical content;
ICMBio: sttt Chioo Mendes de Consenagdo do Bindversidade; MPC: Minimal
fungicidal concentration; MIC.g Minimal conoeniration requined bo inhibi
gprowwth inal least 500 MELE Meu's neagent; NMB: Nudcar magnetic resonanons
O Opticad density, PES: Phosphate-bufiered saline; PEG: Polyethylone ghyool,
508: Sabourauwd Destrose Broth; SsGen: Sslema Nooona de Gesldo do
Pratrimdinio Gendlion e do Contecimento Tiadicional Assooado; TUC: Thin-layer
chromatography: UAPE Uniersidade Federal de Pemarmbco;, URM: Uneecrsity
Recile Myoologia (culture collection), Vi Varation ndex

Acknowledgments
The authors are abso grateful io Dr. Cados Eduardo Sales da Silva for
technical mssistance

Funding

The authors express thesr gratitude 1o the Consetho Nacional de
Deserwohimanto Ciendifion e Teonolgico (CMPg) for linancial suppon (446900
2014-41) and irvestigator rescarch grants (MTSC, JIRGSA, THM, PMGF)L They
ane also grateful 1o the Coordenagdo de Aperfeipnamenio de Pessoal de Mise!
Suyperior (CAPES) and the Fundogdo de Amparo & Céncig e Teonolngia do
Estado de Pernambuco (FACEPE; APO-0108-208/14; APOHM93-1.0314; APD-
0661-208415) Tor nancial support. BMPOC would like to thank CAPES for
graduate scholarship. The funding body had no role in the design of the
sludy, collection, analysks, interpretation of data, and waiting the manuscript.

Availability of data and materials
The datasets used andfor analysed during the current study are avaiabie
from the cormesponding author on reasonable request.

Authors’ contributhons

BMPCIC, AGS, MTSC, MVS, and PMGP concepiualieed the siudy, BMPOC and
MNDLS prepared the eatract. BMPOC and LOCA performied the antiosddant,
antifungal and hemolic asays MRAS, BPSF and LALS perfonmied the TLC and
HPLC experiments and contributed 1o interpredation of the data ADCS, APD
and JRGSA performed the MIMR experiments and interpreted the data. ARC)
and LONS performed all the flow cytometry analysis BMPOC, NOLS, THN and
PMGP analyzed all the data BMPCC, NDLS, MRAS, IRGSA, LONS, THN and PMGP
drafied the manusonipt. Al authors appeoved the final manusonigt

Ethics approval and consent to participate

The Ethics Committes on Humans Experimentation of the Universidace Federal
de Pernarmbuco approved the protoooks (6839321 7 000005 208) wsed 1o oollect
biood for hemolytic analysis. Al particpants signed an nformed consent.



da Costa Cordebro of al BMC Complermentary and Alternative Medicine

Consent for publication
Mot applicatile,

Competing interests
Thir authoes declare that they have ro competing interests.

Publisher's Note
Springer Nature remalns neutral with regard 10 jurisdiciional claims in
pubdshed mags and institutional afilations

Author details

' Departamenio de Boguimica, Centro de Bocénoas, Universidade Federal
e Pemambuco, Aecle, Pemambuco S0670-420, Brazil, “Depatamento de
Citncias Farmaotulicas, Contro de Ciéncas da Sadde, Universsdade Foderal
e Pemambuce, Aecle, Pemambuco 50040-520, Brazl, "Universidade
CEUMA, Sio Luis, Maranhio 65075-120, Brasdl, *Nideo de Estudos ¢
Pesquisas de Plantas Medscinals, Universidade Federal do Vale do Sio
Francisco, Petroling, Pemambuco S6304-506, Bradl, “Departamento de
Antibiidicos, Centro de Biocibncias, Universdade Fedesal de Pernambuco,
e, Pernambuce 50670420, Bral. "Nideo de Bioprospeccio da
Caatinga, Instinao Macional do Semidrida, Campina Grande, Paraiba
SHAFGAD, Brasil. ‘Macleo de Nutrigio, Centro Académico de Vitdea,
Universidade Federal de Pernambaaco, Viedeia de Santo Antao, Pomambuco
SSE0H-680, Bracl.

Received: 13 July 2018 Accepted: 9 October 2018
Published cnling: 19 Ociober 2008

References

1. Albuguengue UP, Montcino 1M, Almeida CFCBR, Florenting AT, Ferraz 15F.
Usieful plants of the semi-and notheastom region of Brasl - a look o their
conservation and sstainable wse. Bmaron Monitorn Assess. 2007;125:781-90,

2 Sihva ARA, Marais SM, Marcgues MMM, Oliveira DF, Baros CC, Almosda B,
Wiewra IGP, Caodes MIF. Chermical componsition, antiossdant and aniitactonal
activities of two Spondias species from northeastern Bradl Phasm Biol.
2012507906,

3 Vieita PDB, Silva NLF, Sila GN, Sika DB, Logpes NP, Groatio SCB, Sika MV,
Macedo A, Basticka ), Tasca T. Caatinga planis: natural and semi-synithetic
componmnds potentially active against Trichomonas voginaks. Bioang Med
Chern Lett. 2006202229-36.

4. Sva BC, Noguoira RIMCN, Aradjo FP, Molo NF, Neto ADA. Physickogical
responses bo sal stress in young umbu plants. Erviron Exp Bol. 200863:147-57.

5 Agra MF, Baracho G5, Silva NE, Basilio ULD, Coelho WPM. Medicina and
pononous dversity of the flora of *Carin Pasashano®, Brazil )
Ethnopharmacol, 2007:111:383-95,

G, Meto EMFL Peroni N, Albugquerque UL Tradstional knowledge and
management of Umbuw (Spondias iuberosa, Anacardiaceas): an endemic
species from the semi-and region of northeastern Braal Boon Bot. 2000,
1121,

7. Fereira Kmior W5, Ladio AH, Albuquergue AUP. Resilienoe and adapeation
i the wse of medicina plants with suspected antiinflammatory activity in
the: Bragilian nontheast. | Ethnopharmacol. 200113823852

B Amadjo TAS, Alencar ML, Amonm ELC, Albuquesgue AUP. A new apgaroach 1o
study medicinal plants with tannins and flavonoids contents from the local
Imowdedge. | Ethnopharmacol, 200681 20:72-80.

9. Rulno MOSM, Alves BE, Brilo ES, Péree-Jiménes I, Saura-Calisto F, Mancan
Filho . Binactive compounds and antiosidant capacities of 18 non
trachitional tropical fruits from Brawil. Food Chern. 2000121 (410961002,

10 Zeraik ML, Quewos EF, Marcoun L, Gdet 0, Castro-Gamboa 10, Sibva DHS,
Cuendet M, Bolzni WS, Wolfender 1L Antioxidants, quinone reductase
mchucers and acetybcholinesterase inhibitors from Spondias tubeosa fruits. 1
Funct Foods. K62 1306405

11, Siqueira EMS, FélocSibe J, Araijo LML, Fernandes IM, Cabral B, Gomes JAS,
Rogue AA, Tomas I, Lopes NP, Femandes-Pedros MF, Giordania RS,
Jucololto S, Spondias tuberosa (Anacardiacear) leaves: profiling phenolic
compomds by HPLC-DAD and LC-MSWS and in vivo anti-inflammatony
activity. Biomed Chromatoge. J016301656-65.

12 llam SMA, Ahmed KT, Manik ME, Wahid MA, Karnal C5L A compesative study
of the anticsicant, antimicrobial, cytotoedc and thrombolytic posential of the
fruits and beaves. of Spondias duleis. Asian Pacil 1 Trop Biomed. 20133:682-91.

(2018) 18:284

Fil

3,

7.

3.

86

Page 9 of 10

Calbral B, Sicuacira EMS, Bitensooun MAD, Lima MCIS, Lima AK, Oamann (F,
Chaves W, Femandes-Podrosa MF, Rocha HAD, Scoreod KC, Regenatio A4,
Giordani RE, fucolotio SM. Phytochemiacal study and anti-inflamimatony and
anlicodclant polential of Spondios momiin leaves. Aev Bras Farmacogn. 200
HMadM-11.

Lipewe V, Akerreta 5, Casanowa B, Garcla-Mina IM, Cavero R/Y, Cabvo ML In
witro anticsickant and anti-hiopus activiics of Lamiaceae herbal e
Plart Foods Hum Nutr, 20562151-5

Khar M, At I, Aol F, Owab M, Shahid M, Musara | Vilenoe and
pathogencity of hungal pathogens with special rederence 1o Candida altscan
In: Ademad |, O B, Shahid M, Agil F, editors. Combating fungal infections,
prablerns and rornedy. Besline Springer Verlag Berin Hoeddbesg 2000,
Arendrup MC Update on antilungal resstance n Agpergils and Condida,
(e Microbiol Infect. 200 30428,

Bitar |, Khalal A, Harastani H, Tokajian S Iderification, typing, antifungal
resistanoe peofike, and biolbm formation of Candida albioans isolaes from
Lebanese hospital patients. Biomed Res inl. 2004204931372
Kolacakowsdka A, Kolacdowda M. Drug resistance. mechanismes and their
reguilation in non-albicans Candida species. | Antimicrob Chemiother, 2006
FLNA38-50,

Yiging T, Jianguo T. Candida alboans infoction and intestinal immunity.
Microbiol Fies, 20171982735

Sharilzadich &, Khosavi AR, Shoke H, Tan PS. Synergistic antiandidal activity of
mienthal in combination with irconassle and mystatin against cinical
Coandiclo ghalwain and Candica ks solaies. Microb Pathog. 201 7100390-6
Roberts EH, Cartwright RA, Wood DI The favonols of tea. | 56 Food Agric.
VSGT6I7-A0

Wagner H, Bladt 5. Plant drug analysis. Mew York: Springer; 1995,
Harbome 15 Phytochemical methods: a guide 1o modem iechniques of
plan analysis. London: Chapman & Hall; 1998,

Mascato DRLH, Montoio I8, Passarinbio MM, Galeno DML, Crur RI, Ortiz C,
Morales L, Lima 5, Canalho RP. Evaluation of antecssdant capacity of
Solanum sessiiflonsm (Cubiu) extract: an in vitro assay. | Nutr Metab, 2005,
20015364185,

Fidrianry |, Riddya A, Ruslan K. Anticssdan actwities of vanous il exteacts from
thioe Salanumn s using DPPH and ABTS method and comolation with phenolic,
Ravonoid and carctenoid contont. | Chem. Phamm. Res. 2005766672,
Costa-Lotulo LY, Khan MTH, Ather &, Wilke TV, limenee PC, Pessoa
Miorars MEA, Moraes MO Studies of the anticanoes poteniial of plants wsed
in Bangladeshi folk medicine, | Ethnopharmacol, 2006:99:21-30,

Mello WM, Olivesra FOC, Fraga WG, Mascirmento Cl, Suarer PAZ.
Deterrmination ol the content of farty acid methy esters (FAME]) in biodsessl
sarmpkes obilained by estenification wing "HNME speciroscopy. Magn Reson
Chern, 2008:46:1051-4.

Mestor G, Bankelors |, Schiechinien O, Brdnnds E, Pickowa |, Sandsirtm C
High-resclution "H magic angle spinning MMR spoctroscopy of intact arctic
char (Sakvelnus alpinus) muscle. Quantitative analysis on n-3 fatty acids, BPA
and DHAL | Agric Food Chem. 201056 10799803,

Lichda ADW, Oweira WF, Percia APC, Sia AG, Cordeiro BMPC, Malalaia O,
Almeida CMA, Silva NH, Aluquerque IFC, Silva MV, Comesa MTS.
Antiaidant activity and phytochemical profile of Spondias fuberosa Armuda
leaves exiracts, Am ) Plant 5ol 20056303644

Raudoné |, Raudonis B, Janulis W, ¥ideclis P. Qusality evaluation of different
peeparations of dry exracts of birch (Befula penduls Roth) eaves. Nat Prod
Res. 2014281645 8.

Gong ¥, Yang ¥, Chen X, Yang M, Huang [y Yang R, Zhou L, Li €, Xiong
¥iong £ Hyperoside protects agairst chronic mild stress-induced leaming
and memony deficits. Biomed Phamacother. 200179183140,

Zou L, Chen 5, Li L, Wu T. The prosective effea of hyperoside on carbon
wetrachlondeinduced chronic lver bross nomioe va upregulation of N2
Exp Towicol Pathol, 200 76645 1-60

Satpathy G, Tyagi YK, Gupta R¥. Prefiminary evaluation of nutraceutical and
therapeutic potential of raw Spondias pinnata K, an ceaotic fruit of India.
Food Res Int. 2011442207687,

3. Sulio A, Tachibana 5. lsolation of hyperosde and isoquercitnin from

Carneffa sasangua as anticesdant agents. Pak ) Biol Sci 2004179991006

35 Richard D) Kei K, Barbe U, Rausero P, Visioli F. Pobyunsaturaied faity ackds as

anticoddants. Phamacol Res. 200857451-5

36 Floegel A Kim D0, Chung S, Koo S1, Chan OF. Cormparison of ABTS/OPPH

assays 10 measure anticsidant capacity in popular anticedant-rich US foods.
JFood Compos Anal. 20112400438



da Costa Cordolro ef al, BMC Complementary and Aternative Medicine (2018) 18:284

a7

L

39,

L AL, L B, Hu ), L X0, Wang SW, Y1 DM, Zhao MG Pratectie offocts of
yperosade agairst hurman umilcal vesn endothelial ool damage induced
by hydrogen peroside. | Ethnoghanmacol. 20121 3030804,

DaltAgrol R Ferraz A, Bomardi AP, Albring 1, Nos C, Sarmenio L, Lambs L,
Hass M, Von Peser G, Schapowal EES, Antimécrobaial activity of some
Hypericum spocies, Phytomedicine. 200310651 1-6.

Thibane V5, Bl I}, Hugo A, Aberiyn 1, wan Renstung Wi, van Wyk PW, Kock
IL, Pohl CH. Polyunsaturated Gty ackds cause apoplosis in C alyoans and
. dubiriiensis biofimes. Biochim Biopys Acta Gen Suby, 2012182014638,
Johansson A-C, Appelopest H, Nilsson C, Kdgedal K, Roberg K, Olnger K
Hegulation al apoplosis-amsociated sosomal membrane permeabillzation,
Apopiost. 20101552740

87

Page 10 of 10

+ fast, convensent online submission

+ thorough peer review by experienced researchers in your field

= rapid publication on accepianoe

= suppart for research data, including large and complex data types

* gold Open Access which fosters wider collaboration and increased citations
& maximum wisibility for your research: over 1008 website views per year

K BMC

At BMC, research is always in progress,

Learn mone biomedosntral comsubmissions

Ready to submit your research? Choose BMC and benefit from:




	7b91970f3f13baac0d1d9679123976e7fcb35d2ae5e348541f4491bec4f652d6.pdf
	cc923fd2530c15a814a7d32d5f86cfc4ac5b59347cb17f9f1a840ea46ab7c666.pdf
	7b91970f3f13baac0d1d9679123976e7fcb35d2ae5e348541f4491bec4f652d6.pdf

