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RESUMO

A biodiversidade brasileira é riquissima e inclui uma gama de espécies vegetais com
potencial biotecnolégico. O presente trabalho avaliou bioatividades e toxicidade de
extratos salino de folhas e caule de Portulaca elatior, e da lectina de folhas (PeLL). O
extrato salino foi obtido utilizando a farinha de folhas e caules de P. elatior para
extracdo em NaCl 0,15 M. Os extratos brutos obtidos foram caracterizados por
cromatografia em camada delgada (CCD) e cromatografia liquida de alta eficiéncia
(CLAE); avaliados quanto a atividade antioxidante (sequestro de DPPH e ABTS*) e
determinacdo da capacidade antioxidante total; e mensuracdo da atividade
fotoprotetora dos extratos por determinagéo do fator de protecéo solar (FPS) in vitro.
O extrato de folhas foi selecionado para os testes de toxicidade in vivo (toxicidade
aguda oral e toxicidade dérmica) e in vitro (atividade hemolitica). PeLL foi purificada
por cromatografia de afinidade em matriz de quitina, e submetida a caracterizacdo da
atividade hemaglutinante (AH) e estabilidade molecular em diferentes condi¢des, do
peso molecular (PM) e do ponto isoelétrico (pl). O potencial antimicrocrobiano de
PeLL foi avaliado contra espécies de Pectobacterium sp. e Candida sp.,; e toxicidade
oral aguda in vivo e atividade hemolitica foi esclarecida. Os extratos salinos de folhas
e caules de P. elatior possuem em sua composicdo fendis, flavonoides, acglcares
redutores, terpenos e esteroides; O perfil obtido a partir de HPLC demonstra a
presenca de 3 picos, ambos com espectros UV's compativeis com flavonoides nas
amostras de extrato de caule e folhas, enquanto apenas SES possui um quarto pico
correspondente a um tanino elagico. O extrato de folhas demonstrou maior eficacia
em capturar os radicais livres ABTS* (Clso: 34,15 pg/mL) e DPPH (Clso: 55,44 pg/mL),
bem como maior CAT (Clso: 413,3 pg/mL) quando comparado ao extrato de caule (Clso
de 628,80, 2.499 e 9.475 pg/mL ABTS* DPPH e CAT respectivamente). O extrato de
folhas apresentou FPS > 6 nas concentracdes de 50 e 100 pug/mL, enquanto o extrato
de caule apresentou FPS < 6; além disso ndo causou morte nem alteracdes severas
nos parametros fisioldgicos, hematoldgicos e bioquimicos dos camundongos, bem
como apresentou baixa agdo hemolitica. PeLL foi purificada em um Unico pico de
proteinas adsorvidas a matriz e foi eluida com &cido acético; Apresentou AH
especifica de 744,2 (fator de purificacdo de 1.695 vezes), uma unica banda
polipeptidica em eletroforese para proteinas nativas acidas, pl 5,4 e PM de 20 kDa, A
AH foi inibida por manose, galactose, Ca?*, Mg?* e Mn?*, apresentou AH mais
expressiva na faixa de pH acido (3,0-6,0) e se manteve estavel mesmo diante do
aguecimento a 100°C, embora tenham sido detectadas alteragdes conformacionais
ap0s o aquecimento. A lectina apresentou concentracdo minima inibitéria (CMI) e
concentragdo minima bactericida (CMB) de 0,185 e 0,74 ug/mL, respectivamente,
para todas as cepas de Pectobacterium sp. avaliadas. Além disso, PeLL apresentou
CMI e concentragdo minima fungicida (CMF) de 1,48 ug/mL para C. albicans, C.
tropicalis e C. krusei; e CMI e CMF de 0,74 e 2,96 pg/mL, respectivamente, para C.
parapsilosis. Nenhuma atividade hemolitica in vitro ou sinais de toxicidade aguda in
vivo em camundongos foram observados. O presente estudo mostrou que os extratos
salinos de caules e folhas de P. elatior demonstraram atividade antioxidante e
fotoprotetora. Nao apresentando toxicidade aguda oral ou dérmica letal. PeLL nao
apresentou toxicidade in vitro e in vivo letal demonstrando promissora atividade
antimicrobiana.

Palavras chaves: Portulaca elatior; Lectina antimicrobiana; Toxicidade; Candida;
Pectobacterium.



ABSTRACT

Brazilian biodiversity includes a range of plant species that produce molecules with
antimicrobica, antioxidant and photoprotective activities, among others. This study
aimed to evaluate the biological activities and toxicity of saline extracts from leaves
and stems of Portulaca elatior, as well as a lectin (PeLL) isolated from its leaves. The
leaves or stems of P. elatior were dried, crushed and homogenized in 0.15 M NaCl to
obtain saline extracts, which were subjected to chemical characterization by thin layer
chromatography (TLC) and high-performance liquid chromatography (HPLC). The
extracts were evaluated for antioxidant activity by DPPH and ABTS+ radical
scavenging methods and determination of total antioxidant capacity (TAC). The
photoprotective activity of the extracts was measured by determining the sun
protection factor (SPF) in vitro. Finally, the leaf extract, with the most significant
biological activities, was selected for in vivo (acute oral toxicity and dermal toxicity;
1000 and 2000 mg/kg) and in vitro (hemolytic activity; 7.81-1.000 pg/mL). For PelLL
purification, the leaf extract was subjected to chitin column chromatography. PeLL was
then subjected to evaluations of its hemagglutinating activity (HA) in the presence of
ions, carbohydrates and different values of pH and temperature. The isoelectric point
(pl), molecular mass and stability against denaturing agents (by fluorimetric analysis)
were also determined. Finally, PeLL was evaluated for antimicrobial activity against
Pectobacterium and Candida species, acute oral toxicity in vivo (5 and 10 mg/kg) and
hemolytic activity. The results showed that extracts from leaves and stems of P. elatior
have phenols, flavonoids, reducing sugars, terpenes, and steroids in their composition.
In terms of antioxidant activity, the leaf extract was more effective in capturing free
radicals ABTS+ (ICso: 34.15 pg/mL) and DPPH (ICso: 55.44 pg/mL), as well as higher
CAT (ICso: 413.3 pg/mL) when compared to the stem extract (ICso of 628.80, 2,499
and 9,475 pg/mL in the ABTS+, DPPH and CAT assays, respectively). This was also
observed for photoprotective activity, with the leaf extract showing SPF > 6 at
concentrations of 50 and 100 pg/mL, while the stem extract showed SPF < 6. The leaf
extract did not cause death or changes in physiological parameters , hematological
and biochemical properties of mice, as well as showed low hemolytic action. About the
purification of PeLL, chromatography of the leaf extract on a chitin column resulted in
a single peak of proteins adsorbed and eluted with acetic acid. PeLL showed a specific
AH of 744.2 (1695-fold purification factor), a single polypeptide band on
electrophoresis for acidic native proteins, pl 5.4 and a molecular mass of 20 kDa. The
lectin had its AH inhibited by mannose, galactose, Ca?*, Mg?* and Mn?*. PeLL AH
remained stable even when heated to 100 °C, although conformational changes were
detected after heating. PeLL showed more expressive HA in the acidic pH range (3.0—
6.0). The lectin showed minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of 0.185 and 0.74 ug/mL, respectively, for all
Pectobacterium strains evaluated. In addition, PeLL presented MIC and minimum
fungicidal concentration (MFC) of 1.48 ug/mL for C. albicans, C. tropicalis and C.
krusei; and MIC and MIC of 0.74 and 2.96 ug/mL, respectively, for C. parapsilosis. No
in vitro hemolytic activity or signs of acute toxicity in vivo in mice were observed. A new
lectin (PeLL) was purified from P. elatior leaves, showing promise due to its
antimicrobial activity and not presenting relevant in vitro and in vivo toxicity in the



evaluated parameters. Furthermore, saline extracts of stems and leaves of P. elatior
demonstrated antioxidant and photoprotective activity. Showing no relevant acute oral

or dermal toxicity in mice treated with 1000 mg/kg and slight toxicity in animals treated
with 2000 mg/kg.

Keywords: Portulaca elatior; Antimicrobial lectin; Toxicity; Candida; Pectobacterium.
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1. INTRODUCAO

O semiarido, com destaque para a Caatinga, possui diferentes espécies
vegetais medicinais, muitas das quais séo integradas em formulacdes fitoterapicas
como o barbatim&o (Stryphnodendron adstringens) e babosa (Aloe vera) utilizados no
preparo de pomadas para alivio de irritacdes topicas causadas por radiacao solar. No
entanto, no que concerne a vasta diversidade da regido estudos quimicos e biologicos

de seus representantes ainda sdo escassos (BENTO et al., 2021).

As condicfes climéticas extremas da caatinga que incluem longos periodos de
seca e altas temperaturas podem influenciar a composi¢céo quimica das plantas dessa
regido, levando ao desenvolvimento de biomoléculas com propriedades Unicas
através das adaptacdes na producao de seus metabdlitos secundarios e primarios que
tém propriedades medicinais, antioxidantes, antimicrobianas e fotoprotetiva, por
exemplo. Nesse sentido, espécies como Chenopodium ambrosioides (mastruz) e
Ricinus communis (mamona) séo descritos na literatura pelo potencial antioxidante e
fotoprotetor de suas distintas preparagdes (MALDONADO et al., 2019). Sendo assim,
essas espécies vegetais auxiliam na ampliagdo de opcdes de biomoléculas que
possam ser utilizadas em formulacdes fotoprotetoras/antioxidantes, uma vez que a
preferéncia por produtos naturais sem parabenos, por exemplo, tem aumentado,
devido a menor associacdo a reagfes alérgicas e riscos ambientais (RADICE et al.,
2016).

Ainda, o género Portulaca que inclui plantas herbaceas, perenes ou anuais,
apresentam cerca de 115 espécies com distribuicdo cosmopolita, sendo 13 delas
relatadas no Brasil, incluindo Portulaca oleracea e a Portulaca elatior. Essa ultima
espécie pode ser encontrada na regiao Nordeste do pais nos estados de Pernambuco,
na Bahia e em Aoreiras na Paraiba, municipio incluso na area geogréfica de
abrangéncia do seminarido brasileiro. P. elatior foi relatada por produtores rurais como
causadora de disturbios gastrointestinais em bovinos (COELHO et al.,2010; SILVA et
al., 2019) no entanto, o que acreditava-se ser apenas uma planta toxica, foi reportada
como um organismo vegetal fonte de importantes moléculas, Silva et al. (2019)

descrevem que as pequenas raizes de P. elatior sdo ricas em uma lectina (proteina
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ligadora de carboidratos) denominada PeRoL, que apresenta afinidade a trealose e
possui atividade antimicrobiana frente a uma gama de patdgenos, como Enterococcus
faecalis, Pseudomonas aeruginosa, Escherichia coli e Candida spp. ndo apresentando
toxicidade in vitro. Ademais, extratos de Portulaca oleraceae sao disponibilizados na
industria farmacéutica sendo indicados para o tratamento de dermatites causadas
pela fotoexposicdo e para inflamacdes, além de possuir efeito antioxidante (CHEN et
al., 2022).

As lectinas, por sua vez, sdo proteinas que se ligam de forma especifica e ndo
covalente a carboidratos, sendo capazes de promover alteracdes intracelulares ao
interagir com carboidratos de superficies celulares (SANTOS et al., 2014) possuindo
papel defensivo e fisioldgico nas plantas. Devido suas propriedades, tanto as lectinas
guanto moléculas da classe dos metabdlitos secundarios podem desempenhar
distintos potenciais biotecnolégicos (POMPEU et al., 2015; NAPOLEAO et al., 2019;
RAMOS et al., 2019). Em contrapartida, os metabdlitos secundarios, sdo moléculas
produzidas pelas plantas em resposta a fatores ambientais, atuando na defesa contra
predadores, radiacdo e escassez hidrica, por exemplo, e incluem 0s compostos
fendlicos, alcaloides e terpenos (POLONINNI et al., 2014; AQUINO et al., 2017;
SOUSA et al., 2020; BAI et al., 2021).

Sendo assim, o0 presente trabalho objetivou avaliar propriedades
biotecnolégicas de metabdlitos secundérios e lectina encontrados em folhas e caule
de P. elatior. atestando a seguranc¢a do uso dessas preparacdes por meio da avaliacédo

de suas toxicidades in vivo e in vitro.

1.1. OBJETIVOS

1.1.1 Objetivo geral

Avaliar atividades biolégicas e a toxicidade de extrato salino de folhas e caule
e lectina isolada de folhas de Portulaca elatior.

1.1.2. Objetivos especificos

a. Avaliar extrato salino de folhas (EF) e caule (EC) de P. elatior quanto a

concentracao proteica e teor de fendis e flavonoides.
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Determinar metabdlitos secundarios presentes em EF e EC por meio de
cromatografia em camada delgada (CCD) e cromatografia liquida de alta
eficiéncia (CLAE).

Avaliar as atividades antioxidante e fotoprotetora in vitro de EF e EC.

Avaliar a atividade hemolitica in vitro e toxicidade aguda oral e dérmica in vivo
de EF.

Purificar uma lectina extraida das folhas de P. elatior (PeLL).

Determinar o ponto isoelétrico de PeLL e seu perfil em eletroforese em
condi¢cOes desnaturantes.

Avaliar o efeito de carboidratos, ions, pH e temperatura na atividade
hemaglutinante de PeLL.

Avaliar alterac6es conformacionais de PelLL causadas por pH e temperatura
através de andlises fluorimétricas.

Avaliar a atividade antimicrobiana de PeLL frente a Pectobacterium spp. e
Candida spp.

Avaliar a atividade hemolitica in vitro e toxicidade aguda oral in vivo de PeLL.
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2. REFERENCIAL TEORICO

2.1. Portulaca elatior

Portulacaceae € uma familia de plantas que possui 115 espécies, atualmente
agrupadas em um unico género (Portulaca), e que distribui-se de forma cosmopolita,
possuindo maior incidéncia em regides semiaridas do Hemisfério Sul da Africa,
Australia e América do Sul, mas com algumas representantes no Norte das regiées
articas (SOUZA, 2009; JOLY; 2005). O género Portulaca inclui plantas herbaceas,
carnosas, perenes ou anuais, possuindo como caracteristicas a presenca de folhas
alternas, 2 sépalas, 4-5 pétalas livres, estames numerosos, ovario infero e fruto do
tipo capsula com deiscéncia longitudinal ou transversal (ROHRBACH, 1872).

No Brasil, apenas 13 espécies de Portulaca foram registradas, algumas ja
descritas no Nordeste brasileiro, como Portulaca elatior Mart. ex Rohrb (Figura 1). P.
elatior € encontrada nos municipios de Juazeiro e Castro Alves, Estado da Bahia, no
municipio de Petrolandia, Estado de Pernambuco, no municipio de Aroeiras, Estado
da Paraiba, e em outros locais do semiarido nordestino (SOUZA, 2009; JOLY; 2005).

Figura 1 - Portulaca elatior coletada em Aroeiras-PB.

Fonte: A autora, 2021.


https://pt.wikipedia.org/wiki/Portulaca
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P. elatior chama atencdo ao ser relatada por produtores rurais como
responsavel por quadros de envenenamento de animais que foram a ébito em menos
de 72 horas ap0s ingerir essa erva in natura (GALIZA et al., 2011; OLIVEIRA et al.,
2017). Galiza et al. (2011) reportaram um surto agudo em bovinos causados pela
ingestdo de P. elatior a partir da insercédo dela no cocho dos animais para que se
alimentassem. Quatro de cinco bovinos foram intoxicados, dois indo a 6bito. Os sinais
clinicos incluiram tremores, intensa salivagédo, desidratacdo e ulceracdo da mucosa
ruminal. Nos casos de morte, fragmentos de P. elatior foram achadas no rimen. Ainda,
foram relatados achados histolégicos de degeneracdo e necrose das camadas
superficiais do epitélio dos pré-estdbmagos, necrose e inflamacg&o da mucosa intestinal
e necrose linfoide. Oliveira et al. (2017) descreveram que em Aroeiras, na Paraiba.
entre os meses de fevereiro e abril de 2008, 16 animais adoeceram em um rebanho
de 316 caprinos. A evolucdo da enfermidade variou de 2 a 48 horas e 13 caprinos
morreram. No exame histopatolégico, observou-se degeneracdo e necrose das
células epiteliais dos pré-estbmagos com formacdo de vesiculas e infiltrado
inflamatorio neutrofilico (OLIVEIRA et al., 2017).

No entanto, recentemente, 0 que acreditava-se ser apenas uma planta toxica, foi
relatada como um organismo vegetal fonte de importantes moléculas. Silva et al.
(2019) reportaram que as pequenas raizes de P. elatior sdo ricas em uma lectina
(proteina ligadora de carboidratos) denominada PeRoL, que apresenta afinidade para
trealose e possui atividade antimicrobiana frente a uma gama de patdégenos, como
Enterococcus faecalis, Pseudomonas aeruginosa, Escherichia coli e Candida spp.
Esse estudo estimula a continuidade da avaliagdo dos potenciais biotecnolégicos e
biomédicos e da seguranca de diferentes tipos de moléculas bioativas de P. elatior,

tais como metabdlitos primarios e secundarios.

2.2 Compostos bioativos de plantas

2.2.1 Obtencéao de extratos vegetais

Extratos vegetais constituem misturas complexas de variadas classes de
biomoléculas, podendo possuir carboidratos, proteinas, lipideos, metabdlitos

secundarios, entre outros. O processo de extracao deve ser selecionado de acordo
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com 0s compostos que se deseja obter, bem como de acordo com o custo e
velocidade do processo. As formas manuais de preparo mais utilizadas para a
producdo de extratos vegetais sdo: maceragcao, percolacdo, decocgao e infusao
(ALMEIDA et al., 2012).

A maceracdo (Figura 2) utiliza o principio da difusdo do solvente através do
tecido vegetal. Nesse procedimento, o material macerado deve ficar em contato com
o solvente de forma dindmica ou estatica. Na maceracgao estética, o material deve ser
incubado com o solvente por um determinado tempo em repouso, enguanto na
maceracdo dinamica o macerado deve ser mantido em agitacdo junto ao solvente
(LUCAS et al., 2019a) semelhante ao método utilizado nas preparacdes dos extratos
salinos de folha e caule de P. elatior onde utilizou-se a farinha de folhas apds
trituracdo para posterior homogeneizacao com solvente salino (NaCl 0,15) (SILVA et
al., 2023).

A percolagédo (Figura 3), diferentemente da maceragao, utiliza o material
vegetal fragmentado e apoiado sob um filtro onde adiciona-se o solvente em pequenas
proporgdes continuamente. Dessa forma a solugéo passa pelo filtro em movimentos
descendentes. A metodologia aplicada na percolacdo de extratos vegetais equivale
ao preparo de café filtrado (MARQUES et al., 2005; QU et al., 2018).

Figura 2. Obtencao de extratos vegetais por maceracgdo. (A) Maceracéo estatica. (B) Maceragéo

dinamica com auxilio do agitador.

Fonte: A autora, 2021

A decoccao (Figura 4) ocorre de maneira semelhante & maceragéo, no entanto,
o solvente deve ser aquecido juntamente com a planta selecionada até que entre em

ebulicdo. O uso desse método deve ser cuidadosamente avaliado, uma vez que a
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elevada temperatura pode inviabilizar a extracdo de algumas moléculas em sua forma
ativa, como proteinas (MAGALHAES et al., 2021).

Figura 3 - Técnica de percolacdo para obtencéo de extratos vegetais.

Solvente

:

¢ Extrato vegetal
=

Fonte: A autora, 2021

Figura 4 — Técnica de decoccéo para preparacdo de extratos vegetais.

Fonte: A autora, 2021

A infusdo (Figura 5), técnica popularmente utilizada para o preparo de chas,
também utiliza altas temperaturas no seu protocolo. Nessa técnica, o solvente

aguecido a temperatura de ebulicdo € vertido sobre o material moido, sendo a mistura



18

deixada em repouso até que se alcance a temperatura ambiente (MAGALHAES et al.,
2021).

Diversos solventes podem ser empregados ha preparacao de extratos vegetais
de acordo com as moléculas de interesse, observando sua solubilidade e demais
caracteristicas fisico-quimicas. A solubilizacdo de uma substancia quimica é
proveniente da interacdo entre o soluto e a substancia que o dissolve (solvente).
Compostos apolares ou fracamente polares tendem a solubilizar em solventes
também apolares, enquanto os compostos de alta polaridade sdo solaveis em
solventes polares (MARTINS et al., 2013). Logo, os solventes de carater polar sédo
utilizados na extracao de terpenos, taninos e compostos fendlicos. Em contrapartida,
0s compostos apolares sdo empregados principalmente na extragdo de acidos graxos,
esterdis e oleos volateis (MUHAMAD et al.,2017). Além destes, alguns sais como
sulfato de amonio, cloreto de sbédio e cloreto de magnésio também podem ser
utilizados na extragdo de moléculas, como proteinas (WIANOWSKA et al., 2020).
Assim, as preparacoes de extratos vegetais podem ter, por exemplo, carater alcodlico,
hidroalcodlico, aquoso (PRAYITNO et al., 2020) e salino (AGUIAR et al., 2019).

Figura 5 — Infusdo para obtencéo de extratos de materiais vegetais.

Solvente P
fervido . &, "%

Material
vegetal

Fonte: A autora, 2021

2.2.2. Técnicas cromatogréaficas para caracterizacao e purificacao

A cromatografia € um método fisico-quimico largamente aplicado no processo
de isolamento de biomoléculas e/ou caracterizacdo das solu¢bes mais diversas. O

principio desta técnica esta fundamentado na migracao diferencial de componentes



19

presentes em uma mistura em relacdo a duas fases: moével e estacionaria. As
diferentes técnicas cromatograficas, sejam elas quantitativas ou qualitativas, podem
ser divididas de acordo com sua forma fisica, fases utilizadas, ou ainda pelo método
separativo empregado na técnica de andlise (Figura 6), (DEGANI et al., 1998; PERES
et al., 2002).

Quanto a forma fisica, as cromatografias podem ser divididas em cromatografia
planar (como a cromatografia em camada delgada) e cromatografias em coluna. As
cromatografias em coluna, por sua vez, distinguem-se de acordo com a fase moével
utiizada, sendo enquadradas em cromatografia liquida ou supercritica. As
cromatografias liquidas subdividem-se em: cromatografia liquida classica (CLC) e
cromatografia liquida de alta eficiéncia (CLAE) (PITT, 2009; AMORIM, 2019).

Pelo critério de classificacdo pelos métodos separativos, as cromatografias
podem ser classificadas em de adsorcao ou afinidade, de particdo, de troca ibnica e
de exclusédo molecular (DEGANI et al., 1998).

Figura 6- Técnicas cromatogréaficas de acordo com sua classificacdo em relacdo a forma fisica e a

fase movel.
CROMATOGRAFIAS
Planar Colunar
CP CCD Gasosa CSC Liquida
CG CLAE
CGAR Classica

CP — Cromatografia em papel; CCD — Cromatografia em camada delgada; CG — Cromatografia gasosa;
CGAR - Cromatografia gasosa de alta resolucdo; CLAE — Cromatografia liquida de alta eficiéncia
Fonte: A autora, 2021.
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A versatilidade dos métodos cromatograficos oferece uma grande
aplicabilidade e funcionalidade aos mesmos, que podem ser empregados na
identificacdo de compostos através da comparagdo com padrbes referenciados; na
purificacdo de moléculas, separando-as de interferentes indesejados; além da
caracterizacdo de moléculas, fornecendo informacfes quanto a especificidade, peso
molecular e estrutura (CORTES et al., 2020).

A cromatografia em camada delgada (CCD) baseia-se na adsor¢do dos
compostos a fase estacionaria por interacdes como ligacdes de hidrogénio e dipolo-
dipolo. A separacdo dos componentes da mistura ocorre em funcdo da migracao
diferencial sobre uma camada delgada de adsorvente, fixo numa superficie plana, por
meio de uma fase movel (PELLIZZARO et al.,, 2015). A fase estacionaria desse
método consiste em uma placa fixa (vidro ou aluminio) revestida por um adsorvente,
sendo os principais silica gel e alumina. As amostras analisadas a partir da CCD
devem ser previamente dissolvidas em solventes volateis (RIBEIRO et al., 2015). As
amostras sdo aplicadas na placa com auxilio de tubos capilares de vidros. Em
seguida, a placa € introduzida em uma cuba contendo uma combinagéo de solventes
(fase moével/eluente) com polaridade adequada para que a adsorcdo entre o(S)
composto(s) de interesse e o adsorvente seja interrompida de forma gradual. A fase
mével atua conduzindo as moléculas com menor capacidade de adsorcdo a fase
estacionaria de forma mais rapida, e com isso calcula-se o "indice de reten¢céo” (RF),
gue é definido como a razdo entre a distancia percorrida pelo componente analisado
e a distancia percorrida pelo eluente até o fim da corrida (Figura 7) (SILVA et al., 2009).

O RF calcula-se através da seguinte equacao:

RF = Dc/Ds

onde Dc = distancia percorrida pelo componente da mistura e Ds = distancia percorrida

pelo eluente.

A partir do célculo dos indices de retencdo pode-se inferir as propriedades
fisico-quimicas das amostras. No entanto, vale ressaltar que o RF oferece limitagfes
na identificagdo de compostos, devendo ser utilizado apenas como guia, uma vez que
diferentes analitos podem possuir o mesmo RF (OLJACIC et al., 2017).

Para que os compostos presentes em uma amostra sejam identificados ao fim

do processo de CCD, faz-se necessaria a aplicacdo de técnicas de revelacéao,
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tornando possivel a deteccdo de manchas correspondentes a cada composto
presente na amostra. As técnicas de revelacao podem ser divididas em dois grupos:
métodos ndo destrutivos, que incluem a revelacéo por fluorescéncia e o contato com
vapor de iodo, e métodos destrutivos, baseados na oxidacdo dos compostos na
superficie da placa (DEGANI et al., 1998).

A CCD pode ser empregada na descoberta de novas drogas, no monitoramento
de sinteses quimicas, na identificagdo de substancias bioativas de fontes naturais, na
determinacdo da lipofilicidade de compostos, bem como na analise de outros
parametros fisico-quimicos, englobando ainda estudos quantitativos da relacdo
estrutura-atividade e analises qualitativas e quantitativas de drogas e seus metabdlitos
(CIURA et al., 2017).

Figura 7 - Representacao da distancia de corrida apresentada pelo eluente e as moléculas de interesse,
onde, Ds=distancia percorrida pelo eluente; Dcl= distancia percorrida pelo componente 1 e Dc2=
distancia percorrida pelo componente 2.

;DS ;Ds

Fonte: A autora, 2021

A cromatografia liquida de alta eficiéncia (CLAE) pode ser auxiliada por bombas
de alta pressao, utilizadas na otimizacao do sistema de separacao e identificacéo de
compostos, uma vez que atuam diminuindo o volume morto proveniente da coluna e
permitindo a obtencdo de gradientes de altas concentracdes dos analitos, quando
eluidos na fase movel, facilitando sua caracterizacao fisico-quimica (SCHWAB et al.,
2019). Dessa forma, a CLAE tem sido aplicada no acompanhamento do isolamento
de compostos naturais e sintéticos, bem como na avaliacdo de niveis de pesticidas
em amostras de alimentos e recursos hidricos (NEMOTO et al., 2019; KOWALSKA et
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al., 2020), no controle de qualidade de medicamentos (GEDAWY et al., 2019), entre
outros.
Ainda, a CLAE possui a capacidade de realizar separacfes e andlises
guantitativas de um grande numero de substancias ao mesmo tempo. Para isso, €
necessario que o método apresente alta resolucao, eficiéncia e sensibilidade (FANALI
et al., 2017). Para essa técnica analitica, os detectores desempenham importantes
funcdes, uma vez que possuem a capacidade de examinar continuamente o material
eluido gerando um sinal caracteristico para cada substancia. Os detectores
fluorescentes e ultravioleta sdo os mais empregados na CLAE (DEGANO et al., 2020).

J& a cromatografia por afinidade é uma técnica difundida na separacdo de
compostos e isolamento de macromoléculas, a partir da utilizacdo de uma matriz fixa,
porosa e rica em grupos funcionais adequados pelos quais as moléculas de interesse

possuem afinidade reversivel. Essa técnica pode ser utilizada, por exemplo, na

purificacdo de proteinas. Durante a passagem da amostra, 0S componentes da

mistura sao distribuidos de um modo que figuem seletivamente retidos na fase

estacionéria, enquanto os demais interferentes migram de forma livre (ROMERO et
al., 2017). Diferentes agentes ligantes e suportes solidos (matrizes) sdo empregados

na cromatografia de afinidade. Ao otimizar propriedades como especificidade,

seletividade, reprodutibilidade e quimica da conjugacéo de ligantes, tal ferramenta
pode atingir altos rendimentos e graus de pureza, além do equilibrio entre custo e
eficacia do método (ARORA et al., 2017).

As propriedades desejadas dos materiais de suporte incluem insolubilidade no
sistema tampédo utilizado, adaptabilidade as caracteristicas de fluxo apropriadas,
disponibilidade de area de superficie adequada e facil ativagdo para o acoplamento
do ligante. Além disso, eles devem se distribuir na coluna de forma uniforme, ter
porosidade e serem hidrofilicos, além de apresentar estabilidade nas caracteristicas
fisico-quimicas selecionadas para um protocolo de purificagdo (ARORA et al., 2017).
Dentre os suportes amplamente utilizados na preparacao de fases fixas destacam-se
os inorganicos (fibras de vidro, silica e TiO2); os sintéticos, representados
principalmente por poliestirenos, polimetacralato e acrilamida; e os naturais como
agarose (Sepharose), dextranos (Sephadex), celulose e quitina (GUO et al., 2019;
ROBERTS et al., 2009).

Os processos de isolamento de compostos auxiliam como ferramentas no

desenvolvimento de novos farmacos criando a possibilidade de avaliagdo deles
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guanto as suas possiveis atividades biolégicas, além de facilitar a comparacéo entre
o desempenho de moléculas puras com sua solu¢do matriz, tais como os extratos de

origem vegetal.

2.2.3 Metabdlitos secundarios de plantas

O metabolismo pode ser entendido como um conjunto de reagfes quimicas que
ocorrem nas células de seres vivos, animais ou vegetais (SA-FILHO et al., 2021). Em
plantas, os metabdlitos primarios sdo compostos que se originam a partir de reacdes
envolvidas diretamente nos processos de crescimento, desenvolvimento e reproducéo
vegetal e incluem proteinas, aminoacidos, carboidratos, lipideos, dentre outros. Em
contrapartida, os metabolitos secundarios se originam a partir de compostos que
derivam do metabolismo primario e atuam em resposta a fatores externos, como
ataques de pragas, radiacao, escassez hidrica, sendo fundamental para a persisténcia
das plantas no meio ambiente (TAIZ et al., 2017; YANG et al., 2018).

Os metabdlitos secundarios podem ser sintetizados a partir de quatro vias
metabodlicas: via do acido chiquimico, via do acido mevalénico (MEV), via do acetato-
malonato e via do metileritritol fosfato (MEP), as quais originam as trés principais
classes de metabdlitos secundarios: compostos fendlicos, terpenos e alcaloides
(DEWICK, 2009; TAIZ et al., 2017). Estudos sobre esses compostos tém se tornado
cada mais relevantes devido aos seus efeitos bioldgicos, como potencial antioxidante,
antimicrobiano, anticancer, anti-inflamatdrio, fotoprotetor, dentre outros (HUSSEIN &
EL-ANSSARY, 2019; LIMA et al., 2020).

Os compostos fendlicos derivam do acido chiquimico e do acido mevaldnico e
sao caracterizados pela presenca de um ou mais grupos fenol e podem variar desde
uma estrutura com apenas um anel aromatico a uma estrutura complexa e, por isso,
sdo categorizados em diversas classes, dentre elas, os fendis, flavonoides,
cumarinas, taninos e outros (TAIZ et al., 2017).

Os flavonoides constituem a maior classe de compostos fendlicos, sendo
amplamente distribuidos no reino vegetal e majoritariamente encontrados nas raizes,
folhas e frutos das plantas (LEAO et al., 2017). Podem ser encontrados na natureza
em diversas formas estruturais, ja& que sdo subdivididos em seis classes: flavonas,

flavanonas, isoflavonas, flavonois, antocianinas e flavondis (SANTOS &
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RODRIGUES, 2017). Diversos estudos tém apontado para as propriedades
farmacolégicas desses compostos, tais como anti-inflamatoéria, antitumoral,
antimicrobiana, além da propriedade antioxidante. A atividade antioxidante dos
flavonoides € conferida pela presenca de radicais fendlicos, os quais atuam
principalmente na neutralizacdo de radicais livres por meio da doacédo de elétrons.
Essas moléculas também apresentam propriedade fotoprotetora, que é atribuida a
presenca de grupos capazes de absorver a radiacdo UV, denominados cromaoforos
(JOSE et al., 2016; KOWALSKI et al., 2020; LOURIDO et al., 2018; VERRUCK et al.,
2018). Rocha-Filho et al. (2020) associaram a capacidade dos extratos de folhas e
ramos de Jacaranda rugosa de sequestrar os radicais DPPH e ABTS* com a presenca
de flavonoides. Como também, um estudo realizado por Silva (2015), relacionou a
acdo fotoprotetora do extrato salino de folhas de Libidibia ferrea a presenca dos
flavonoides e fendis na amostra.

Os alcaloides sdo compostos organicos que apresentam pelo menos um atomo
de nitrogénio em seu anel e séo relatados como portadores de diversas propriedades
farmacologicas, tais como propriedades antimicrobiana, anti-inflamatoria, analgésica,
dentre outras (HUSSEIN & EL-ANSSARY, 2019; MAGALHAES et al., 2021).

Os terpenos séo os principais constituintes dos 6leos essenciais e conferem as
plantas protecdo contra herbivoros e patégenos, sendo considerados o maior e mais
diversificado grupo de compostos secundarios (BELEM et al.,2021). A literatura relata
diversas propriedades bioldégicas desses compostos, dentre elas, atividades
antimicrobiana, antioxidante, fotoprotetora, anti-inflamatéria e imunomoduladora
(FIEDOR & BURDA, 2014; ANDRADE-OCHOA et. al., 2015; YUAN et al., 2015;
DOWNER, 2020).

Fabri et al. (2011) relacionaram a capacidade antioxidante (pelo sequestro do
radical DPPH) do extrato das folhas de Baccharis dracunculifolia com a presenca de
terpenos e flavonoides em sua composicao fitoquimica. Do mesmo modo, o extrato
das folhas de Erythrina velutina apresentou atividade fotoprotetora e antioxidante,
sendo estas associadas a presenca de terpenos, flavonoides, dentre outros
compostos (RAMOS et al.,2020).

2.2.4 Lectinas
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Lectinas sdo proteinas de origem ndo-imunolégica que se ligam de forma
seletiva e reversivel a carboidratos, através de pontes de hidrogénio ou interacdes de
van der Waals, sem promover alteracdes na estrutura covalente do ligante (SHARON,
1998; FREIRE, 2015). Lectinas estdo amplamente distribuidas na natureza, sendo
encontradas em animais, vegetais e micro-organismos. Nas plantas ja foram
detectadas nas sementes, sendo reportadas, por exemplo, nas espécies Cicer
arietinum (GAUTAM et al., 2018), Ricinus communis (VASANTHY et al., 2021) e
Moringa oleifera (OLIVEIRA et al., 2020). Estéo presentes ainda em raizes (SILVA et
al., 2019), folhas (SILVA et al., 2021), flores (SANTOS et al.,, 2009; MENTO et al.,
2013), cascas e rizomas (COSTA et al., 2018) entre outros 6rgaos e tecidos.

Podem ser detectadas através de ensaio de hemaglutinacdo, que consiste na
incubacdo da lectina em diferentes concentracbes com eritrocitos, em placas de
microtitulacdo ou tubos de ensaio. O ensaio € geralmente feito na presenca de cloreto
de sodio em baixas molaridades que, além de atuar como controle negativo para
aglutinacdo, age ainda protegendo as células contra lise celular ou alteractes
osmoéticas danosas durante o experimento, (Figura 8). Os dominios de
reconhecimento a carboidratos (DRC) das lectinas ligam-se aos carboidratos de
superficie dos eritrécitos promovendo a formagdo de uma malha de aglutinacédo
impedindo a precipitacdo no fundo da placa de microtitulagdo (SPACKMAN et al.,
2020). Os eritrocitos usados podem ser tratados quimicamente ou enzimaticamente
aumentando o tempo de estocagem e a sensibilidade das células a lectina e outros
agentes hemaglutinantes (COELHO & SILVA, 2000). Por exemplo, AVRAMEAS et al.
(1969), ao utilizarem glutaraldeido no tratamento de eritrécitos utilizados em
procedimentos de hemaglutinacdo, mostraram que as células tratadas com esse
reagente nao perderam sua sensibilidade a hemaglutinacdo mesmo apés liofilizadas.
Ainda, de acordo com ABAY et al. (2019), o glutaraldeido é largamente empregado
na fixac@o das células vermelhas do sangue.

Para comprovar que o agente hemaglutinante € uma lectina, essa aglutinacao
deve ser inibida na presenca de carboidratos livres, os quais sdo incubados com a
amostra antes da adicdo das células, de forma que eles se liguem aos DRCs
ocupando-os e impedindo a ligacdo aos carboidratos de superficie dos eritrocitos
(MOURA, et al. 2016).
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Figura 8- Ensaio de deteccao de lectinas através da aglutinacao de eritrocitos.
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Fonte: A autora, 2020

As lectinas podem ser classificadas em merolectinas, hololectinas, superlectinas
e quimerolectinas (Figura 9) (PEUMANS; VAN DAMME et al., 1998). As merolectinas
possuem apenas um dominio de ligacdo a carboidrato e, por serem monovalentes,
sdo incapazes de precipitar glicoconjugados ou aglutinar células. A heveina, uma
lectina ligadora de quitina extraida do latex da seringueira (Hevea brasiliensis), € uma
merolectina (VAN PARJIS et al., 1991). As hololectinas sdo dotadas de no minimo
dois sitios de ligacao a carboidratos, sendo eles idénticos ou muito semelhantes. Por
serem divalentes ou multivalentes, elas podem aglutinar células e precipitar
glicoconjugados (PEUMANS et al., 1995).

Figura9 - Classificacdo estrutural de lectinas de plantas em merolectinas, hololectinas, quimerolectinas

e superlectinas.
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As quimerolectinas sédo constituidas por um ou mais DRC e um dominio com
atividade catalitica ou outra funcdo biolégica que age independente do(s) dominio(s)
de ligacdo a carboidratos. De acordo com o numero de sitios de ligacdes, as
guimerolectinas podem agir como hololectinas ou merolectinas. A ricina, que possui
dois dominios de ligacdes a carboidratos e um dominio para inativacao de ribossomos,
comporta-se como hololectina (PEUMANS et al., 1998). As superlectinas possuem
pelo menos dois DRC, diferenciando-se das hololectinas por reconhecerem agucares
estrutural e funcionalmente diferentes (VAN DAMME, et al., 1998; FREIRE et al.,
2015).

A purificacdo de proteinas é um processo essencial quando se deseja avaliar
suas caracteristicas e determinar suas propriedades e atividades, envolvendo
diversas etapas, sendo a aplicacdo dos métodos classicos para separacdo de
proteinas variavel de acordo com propriedades como tamanho, carga e propriedades
de ligacdo (BOONER, 2007; BURGUESS, 2009; DUTTA et al., 2022).

O processo de purificacdo de lectinas inicia-se pela extracdo dessas
biomoléculas da estrutura da planta que se deseja analisar. Para isso, o material
vegetal deve ser triturado ou macerado, adicionado a uma solucéo de extracédo e pode
ser submetido a agitacdo constante em tempo e temperatura pré-estabelecidos. Por
fim, o material obtido passa por uma filtracdo e centrifugacéo, sendo o sobrenadante
obtido denominado de extrato bruto (WANG et al.,2018)

A partir da obtencdo desse extrato bruto, a lectina pode ser parcialmente
purificada por meio de um fracionamento utilizando solventes organicos ou solucao
salina, sendo a adicdo de sal o método mais utilizado, pois mantém a conformacéo
nativa das proteinas apés o processo. O método de fracionamento utilizando um sal
€ chamado de salting out, sendo o sulfato de aménio o mais utilizado. A adicdo do
sulfato de aménio ao extrato remove a camada de solvatacdo das proteinas,
aumentando a interacdo entre as proprias proteinas, possibilitando a formacédo de
precipitado dessas biomoléculas (WINGFIELD, 2016; PROCOPIO et al., 2017).

As lectinas podem ser isoladas através de técnicas cromatograficas, tais como
cromatografia de afinidade (especificidade de ligacao), cromatografia de troca ibnica
(separa de acordo com a carga) e cromatografia de gel filtracdo (separa de acordo
com tamanho) (QU et al., 2015; FREITAS et al., 2019).

A cromatografia de afinidade tem sido bastante utilizada na purificacdo de

lectinas e se baseia na afinidade de ligagdo dessas biomoléculas a uma matriz fixa
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gue possui grupos ligantes pelos quais as proteinas de interesse possuem afinidade.
Durante o processo, a fase movel (amostra/extrato) passa pela fase estacionaria
(matriz), de modo que a proteina de interesse se liga a matriz e fica retida nela,
enguanto os demais componentes sdo eluidos junto com o tampao de corrida e
migram livremente pela coluna. Logo em seguida, para que a proteina de interesse
seja removida da matriz, utiliza-se como eluente uma solucdo de uma molécula pela
gual a proteina possua maior afinidade; uma solugéo concentrada do mesmo ligante
preso a matriz, s6 que agora na forma livre; ou promove-se mudancas nas condigdes
de pH e forca ibnica do meio, a fim de desestabilizar as ligacdes da proteina a matriz
(SA et al., 2009, XIU et al., 2015).

A determinagcdo da concentracdo proteica na amostra consiste em uma das
etapas do processo de purificacdo, sendo o método de Lowry et al. (1951) amplamente
utilizado. Este € baseado na reducao do reagente de Folin-Ciocalteau (fosfomolibdato
e fosfotungstato) na presenca de proteinas e do catalisador Cu*? produzindo um
composto com absorcdo a 720 nm. A gquantificacdo das proteinas presentes na
amostra é determinada a partir da leitura da absorbancia a 720 nm em comparagao
com uma curva padréo de diferentes concentracdes conhecidas de uma proteina.

Quando se deseja investigar atividades bioldgicas de uma proteina, € importante
caracteriza-la. Uma técnica importante para caracterizacéo de lectinas € a eletroforese
em gel de poliacrilamida, que se baseia na migracéo de proteinas carregadas em um
campo elétrico. A técnica consiste na adicdo da amostra em pocos no topo do gel, de
modo que as proteinas, quando aplicado um campo elétrico, migram através do gel
em um unico sentido. Apés o processo de migracdo, as proteinas podem ser
visualizadas tratando o gel com um corante como, por exemplo, o azul de Coomassie.
Essa técnica permite estimar massa molecular em condicfes desnaturantes com
adicao de SDS (dodecil sulfato de sédio), e numero de subunidades (NELSON; COX,
2014; AZARKAN et al., 2018).

Através do ensaio de hemaglutinacdo, é possivel realizar a caracterizagdo da
especificidade de ligacdo a carboidratos (por meio do ensaio de inibicdo), a
determinacdo da estabilidade da atividade hemaglutinante frente a variagbes de
temperatura, pH e presenca de ions (PAIVA et al., 2013, PROCOPIO, 2018).

A analise fluorimétrica é uma metodologia utilizada durante o processo de
caracterizagdo de proteinas e se baseia na fluorescéncia, fenbmeno no qual ha uma

emissdo de luz em consequéncia da excitacdo e absorcdo de energia pelas
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biomoléculas (VILASBOAS et al., 2010). Essa técnica permite avaliar a conformacéo
das proteinas quando expostas a diferentes condi¢des fisico-quimicas e pode
investigar tanto a fluorescéncia intrinseca (a partir da andlise de aminoacidos
aromaticos da cadeia polipeptidica que alteram o seu padrdo de emissdo de
florescéncia de acordo com as condi¢cdes do ambiente quimico que se encontram),
como também através da andlise da fluorescéncia intrinseca de sondas fluorescentes
(ex: Bis-ANS) que se ligam a cadeia polipeptidica e permitem acompanhar alteracées
durante o processo de desnaturagcdo, uma vez que mudancgas estruturais nas
proteinas causam alteragcdes no ambiente quimico da sonda e, portanto, na sua
fluorescéncia (VAN DE WEERT & STELLA, 2011; FARIAS, 2020).

Muitas sdo as funcdes das lectinas vegetais, podendo estar envolvidas na
protecdo contra insetos e patdgenos, transporte e armazenamento de carboidratos,
reserva de aminodacidos e regulacédo de crescimento. Dentre as atividades de defesa
desempenhadas pelas mesmas estdo: atividade antifiungica, atividade inseticida e
efeito antinutricional (SILVA et al., 2019; TORRES et al., 2019). As lectinas também
sdo ferramentas importantes no avango da Biotecnologia ao apresentarem
propriedades como atividades anti-inflamatoria e pro-inflamatéria (ZHAO et al., 2020),
efeito antiproliferativo em células tumorais, efeito antidepressivo em ratos (ABREU et
al., 2018) acdo antibacteriana, acdo antiftngica, entre outras (PROCOPIO et al.,
2017).

A atividade antimicrobiana de lectinas frente a fungos estéa relacionada com sua
capacidade de ligacdo a glicoconjugados e polissacarideos de parede e membrana
celulares, inibindo o desenvolvimento do micro-organismo atraves da interferéncia na
homeostase celular, germinacdo de esporos e crescimento em geral, podendo
culminar em sua morte (PAIVA et al., 2010). Entre os mecanismos de acdo das
lectinas frente a fungos do género Candida estdo a capacidade de induzir apoptose e
necrose, de inibir a producdo de biofilme, bem como de induzir o estresse oxidativo,
alterar o potencial de membrana celular, causar danos lisossomais, entre outros
(SILVA et al., 2020).

Um dos principais constituintes da parede celular dos fungos € a quitina. Sendo
assim, lectinas ligadoras de quitina podem atuar inibindo o crescimento celular
fungico. A proteina ligadora de quitina Mo-CBP2, extraida das sementes de Moringa
oleifera, inibiu o crescimento de Candida albicans, Candida tropicalis, Candida

parapsilosis e Candida krusei. Tal inibicéo foi atribuida a mecanismos como formacéo
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de espécies reativas de oxigénio, aumento da permeabilidade da membrana celular,
e aumento de atividade DNésica (NETO et al., 2015).

WSMol, lectina ligadora de quitina também isolada de sementes de M. oleifera,
inibiu o crescimento de C. albicans, C. glabrata, C. krusei e C. parapsilosis com
concentragdo minima inibitéria (CMI) de 20 pg/mL. A lectina também apresentou agdo
fungicida. WSMoL induziu apoptose e necrose das células fungicas, bem como
causou hiperpolarizacdo da membrana mitocondrial apds 12 h de tratamento, seguida
de despolarizacéo apés 24 h (SANTOS et al., 2021).

A lectina PgTeL extraida da sarcotesta da roma (Punica granatum), que possui
afinidade por quitina, demonstrou atividade antifangica frente a cepas de C. albicans
e C. krusei com CMI e CMF (concentracdo minima fungicida) de 25 pg/mL e 50 pug/mL
respectivamente. PgTeL induziu estresse oxidativo e agiu danificando as células das
leveduras induzindo seu extravasamento, por fim culminando na morte desses
patdégenos. A proteina ndo demonstrou toxicidade frente a células mononucleares do
sangue periférico (PBMCs) humano (SILVA et al., 2018).

A lectina da raiz de Portulaca elatior (PeRolL), ligadora de trealose, induziu a
morte celular de C. albicans, C. parapsilosis, C. krusei e C. tropicalis, com CMI de 16
Mg/mL para todas as espécies citadas. Assim como PgTel, ndo apresentou sinais de
citotoxicidade frente a PBMCs; além disso, ndo demonstrou atividade hemolitica in
vitro (SILVA et al.,, 2019). CasuL, extraida a partir de folhas de Calliandra
surinamensis, apresentou atividade antifungica contra Candida krusei, causando
alterac6es morfolégicas como rompimento da parede celular e reducéo do conteudo
citoplasmatico (PROCOPIO et al., 2017).

Quanto as atividade antibacteriana, Paiva et al. (2010) relataram que a
atividade de lectinas contra bactérias gram-positivas e gram-negativas é

desencadeada por meio da interacdo dessas moléculas com componentes das
paredes celulares e membranas, incluindo &cidos teicoico e teicurdnico,
peptidoglicanos, lipopolissacarideos e acido muramico. De acordo com Coelho et al.
(2018), a ligacao de uma lectina aos compostos da parede bacteriana pode inibir seu
desenvolvimento interferindo na homeostase celular, desintegrando a parede celular
e causando a morte do patégeno por eventos que incluem o extravasamento celular.
Ferreira et al. (2011) relataram que WSMoL inibiu o crescimento de cepas de
Staphylococcus aureus e Escherichia coli, apresentando CMI de 7,8 e 500 pg/mL

respectivamente. A lectina em questdo foi bactericida para S. aureus. Ainda,
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CORIOLANO et al. (2020) reportaram a atividade bactericida e bacteriostatica de
WSMol frente a Enterococcus faecalis, Klebsiella pneumoniae e Serratia sp. De
acordo com os autores a lectina foi capaz de induzir o extravazamento celular das
bactérias. Além disso, WSMoL diminuiu a atividade das proteases extracelulares das
cepas de bactérias gram-negativas.

De acordo com CHARUNGCHITRAK et al. (2011) a lectina das sementes de
Archidendron jiringa apresenta atividade antibacteriana, apresentando CMI de 0,227
e 0,0567 mg/mL para Bacillus subtilis e Staphylococcus aureus, respectivamente.

Ao avaliar a atividade antimicrobiana de PgTelL, Silva et al. (2019) reportaram
o efeito bacteriostatico e bactericida frente a E. coli ndo-resistente, bem como Vvarios
isolados resistentes produtores de beta-lactamases. Em estudo anterior, Silva et al.
(2016) descreveram a atividade bacteriostatica dessa lectina contra cepas Aeromonas
sp., Enterococcus faecalis, E. coli, Klebsiella sp., S. aureus, Staphylococcus
epidermidis e Staphylococcus saprophyticus com CMI entre 3 e 50 pg/mL.

CasuL apresentou efeito bacteriostatico frente a S. saprophyticcus e S. aureus
(isolados néo resistentes e resistentes a oxacilina), demonstrando ainda a capacidade

de reduzir a formac&o de biofilme por essas espécies (PROCOPIO et al., 2017).

2.3 Fotoexposicao e estresse oxidativo

2.3.1 Estresse oxidativo

Os radicais livres podem ser de origem organica e/ou inorganica, contendo dois
ou mais elétrons ndo pareados, configuragdo que os torna altamente instaveis. A
geracdo de radicais livres € necessaria para manutencdo de alguns processos
fisiologicos, atuando como mediadores na transferéncia de elétrons e na geracéo de
ATP, agindo ainda nos mecanismos de defesa durante processos infecciosos e na
ativacao de genes. Porém, a producéo excessiva dos mesmos pode conduzir a danos
no organismo (SHAMI et al., 2004; DESHMUKH et al., 2021). O estresse oxidativo
consiste no desequilibrio entre moléculas oxidantes e antioxidantes, com geracéao
continua de radicais livres em detrimento de sua remocéao, resultando na oxidacao de
biomoléculas e subsequente perda de funcbes bioldgicas celulares e teciduais
(VELLOSA et al., 2021). As alteracdes relacionadas ao estresse oxidativo envolvem a
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peroxidacao lipidica, degradacéo e deformacéo de proteinas e alteracdes no DNA
(LIGUORI et al., 2018).

Dessa maneira, 0 organismo utiliza diferentes mecanismos endégenos no
sistema de defesa frente a formacao de radicais livres e possivel estresse oxidativo,
como a quelacdo de metais, transferéncia de elétrons Unicos bem como a
transferéncia de atomos de hidrogénio suprimindo a formacéo exacerbada dessas
moléculas. Ainda, esses sistemas podem agir a partir da captura e eliminacdo de
radicais livres (MIRONCZUK-CHODAKOWSKA et al., 2018).

Dentre as classes de espécies reativas destacam-se as EROs (espécies
reativas de oxigénio) e as ERNs (espécies reativas de nitrogénio). As EROs originam-
se a partir do metabolismo do oxigénio no processo de fosforilacéo oxidativa, uma vez
gue pode haver um desvio de parte dessa molécula das mitocondrias para outras vias
metabdlicas. Sendo assim, por meio da redugdo univalente ou interagéo do oxigénio
com ions ferro (Fe?*), cobre (Cu*) ou ainda o 6xido nitrico (NO), ha a formacéo de
espécies reativas como o perdxido de hidrogénio (H20:2), radical hidroxila (OH),
radical superoxido (Oz), peroxinitrito (ONOO"), entre outros (FERREIRA, 2007;
BRUSKOQV et al., 2021). O 6xido nitrico (NO) € convertido em nitrito e nitrato ha maioria
dos fluidos do corpo, inclusive no plasma. No entanto, na presenca de oxigénio esses
compostos podem dar origem ao peroxinitrito citado anteriormente (VELLOSA et al.,
2021). Visando suprimir tais efeitos, 0s compostos antioxidantes atuam,
principalmente, por meio de trés mecanismos: transferéncia de atomos de hidrogénio;
transferéncia de elétron Unico e por meio da quelacéao de metais (SANTOS-SANCHEZ
et al., 2019).

Os mecanismos de geracdo enddgena de radicais livres ocorrem,
principalmente, nas mitocondrias, membranas celulares e citoplasma, podendo ser
favorecidos na presenca de ions ferro e cobre. Em condi¢des fisiolégicas, os
organismos aerobicos metabolizam cerca de 85% do oxigénio consumido na
mitocondria por meio da cadeia transportadora de elétrons. Em contrapartida, os
outros 15% séo utilizados por diversas enzimas, como oxidases, em rea¢cfes quimicas
de oxidacdo. Nesse sentido, a mitocdndria € a principal fonte geradora de radicais
livres endogenos (BARBOSA et al., 2010; TEODORO et al., 2019). As fontes
exdgenas de radicais livres sdo tabagismo, quimioterapicos, exposi¢ao aos raios UV’s
entre outros (IFEANYI et al., 2018).
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A exposicdo da pele as radiagOes ionizantes e raios UV é responsavel por
alteracbes do DNA mediante a capacidade de adicionar ligagdes duplas nas bases
heterociclicas. Tais rea¢fes de adicdo podem induzir a formagéo de radicais peroxil,
utilizados como marcadores de dano oxidativo ao DNA. A acdo dos raios UV sobre a
pele implica em alteracdes tanto morfologicas quanto quimicas. Algumas alteraces
na epiderme envolvem espessamento da camada espinhosa e retificacdo da juncao
dermo-epidérmica. Os queratinécitos, por sua vez, demonstram resisténcia a
apoptose, acumulando alteracdes no DNA e proteinas, facilitando o processo de
carcinogénese (MANICA et al., 2017).

2.3.2 Radiacéao ultravioleta (UV) e seus efeitos

A radiacdo solar exerce beneficios a salde humana, desde que a exposi¢ao
ocorra de maneira cautelosa, desempenhando importante fungcdo na producdo de
vitamina D, auxiliando na regulagdo dos niveis de calcio e fosforos dos 0ssos. Além
disso, os raios solares estimulam a producdo de serotonina, podendo atuar na
prevencéo da depressao e melhoria do sono. Estudos relatam que a exposicdo ao sol
pode desencadear também um aumento na producédo de melatonina (REZENDE et
al., 2016; LUCAS et al., 2019). No entanto, a pele é o érgao mais afetado pelos efeitos
nocivos atrelados a radiacdo ultravioleta. Assim, a fotoexposi¢do exacerbada tem sido
associada com envelhecimento precoce, desenvolvimento de acnes, melasmas,
mutacdes génicas e canceres de pele. (MOURA et al., 2012; MAQUEDA et al., 2020).
Os raios ultravioletas podem ser divididos de acordo com o comprimento de
onda que possuem, além da sua capacidade de penetragdo, em: UVA (320 - 400 nm);
UVB (290- 320 nm) e UVC (200-290 nm), sendo o comprimento de onda diretamente
proporcional a capacidade da radiacdo UV em penetrar na pele (MOHANIA et
al.,2917).

Os raios UVA séo responsaveis pela pigmentacdo da pele através da ativacédo
da melanina na epiderme. No entanto, os raios UVA associam-se também ao
envelhecimento precoce da pele, uma vez que seu comprimento de onda favorece a
penetracdo na derme afetando negativamente a elasticidade natural desse 6rgéo,
bem como o agravamento de fotodermatoses como erup¢des polimorfa e lUpus

eritematoso. Além disso, a radiacdo UVA pode desencadear a reducdo de células de
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Langerhans, que participam do sistema de defesa do individuo, induzindo o aumento
de células inflamatérias presentes na derme (BALOGH et al., 2011).

A exposicdo a radiacdo UVB esté intrinsecamente ligada ao desenvolvimento
de respostas agudas como queimaduras, eritemas, edemas e espessamento da
derme e epiderme. Dentre os efeitos cronicos de raios UVB observa-se a
Imunossupressao e o desenvolvimento de cancer de pele. Como os raios UVB séo
muito energéticos, podem gerar EROs, tais como o anion superoxido, o peréxido de
hidrogénio, e o radical hidroxila nas células expostas (OLIVEIRA et al., 2012;
DEUSCHLE et al., 2019).

A radiacdo UVC é em sua maioria retida na camada de 0zdnio fazendo com
gue 0s seres Vivos sejam atingidos apenas por uma por¢ao muito pequena dessa.
Porém, vale ressaltar que os raios UVC séo extremamente nocivos ao ser humano,
possuindo efeitos mutagénicos e carcinogénicos expressivos (SIQUEIRA et al., 2015).
A literatura relata que a acdo de raios UV sobre a pele acarreta uma série de
reagcdes quimicas e morfoldgicas como, por exemplo, o espessamento da camada
espinhosa e 0 aumento da resisténcia dos queratindcitos ao processo de apoptose, 0
que facilita as alteracdes no DNA celular (SGARBI et al., 2007; BARNARD et al.,
2020).

A sensibilidade da pele frente aos efeitos nocivos da radiacdo solar ndo afeta
uniformemente todos os tipos de pele, sendo observadas varia¢cées de acordo com o
fototipo de cada individuo. Nesse sentido, existem classificacbes quanto aos
diferentes fototipos de pele que permitem prever o seu comportamento mediante a
radiacdo, o que € utilizado ndo apenas para orientar as medidas fotoprotetivas
individuais, mas também para auxiliar no planejamento de protocolos de tratamentos
(LI et al., 2019). A classificacdo mais utilizada para essa finalidade € a "Fitzpatrick
skyn type" que considera seis tipos de pele de acordo com a cor e histérico de danos
associadas a exposicao solar, sendo essas: pele branca palida, branca, morena clara,

morena moderada, morena e pele negra (RAVNBAK et al., 2010).

2.3.3. Avaliacao da atividade antioxidante in vitro

Antioxidantes sdo compostos dotados da capacidade de retardar ou inibir por

completo o processo de oxidacdo. Os antioxidantes podem ser de carater sintético e
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natural, sendo esses ultimos encontrados, por exemplo, em frutas e legumes
(RIBEIRO et al., 2019). A determinacdo da capacidade antioxidante permite
reconhecer o potencial protetor de compostos isolados ou de misturas frente ao
processo de oxidacao. Devido a diversidade de métodos com fundamentos variados,
nao se indica utilizar apenas um principio avaliativo no que diz respeito a mensuragao
de tal atividade (RIBEIRO et al., 2011). Alguns dos métodos analiticos utilizados in
vitro para determinagao de atividade antioxidante incluem os ensaios de capacidade
antioxidante total (CAT) e de captura dos radicais 1,1-difenil-2-picrilhidrazil (DPPH) e
acido 2,2-azino-bis(3-etilbenzotiazolin)-6-sulfénico (ABTS+). Esses meétodos sao
relativamente simples, rapidos e oferecem um bom custo-beneficio.

A avaliacdo da CAT é realizada utilizando o composto fosfomolibdénio. O
complexo fosfomolibdénio possui coloracdo amarela e € formado pela reacdo da
solugéo NasPOq4 (fosfato de sddio), com H2SOa4 (acido sulfarico) e (NH4)sM07024.4H20
(molidbato de aménio). Esse composto, na presenca de substancia antioxidante, tem
a sua coloragdo amarela modificada a medida que ocorre a reducéo de molibdénio
(V1) a molibdénio (V), havendo a formacdo de um complexo de coloracdo verde. Essa
mudanca na cor é avaliada por meio da medida da absorbancia a 695 nm (WANG et
al., 1996; UNTEA et al., 2018).

O DPPH é um radical organico de nitrogénio estavel que possui coloracao
violeta com espectro de absor¢cdo UV-vis maxima em 515 nm. Esse radical atua
simulando as EROs e quando na presenca de compostos antioxidantes recebe
elétrons que se pareiam com os seus, sendo reduzido e apresentando coloracao
amarelada. A atividade antioxidante dos compostos é medida por meio da
espectrofotometria com avaliagbes no comprimento de onda 517 nm. A medida que o
antioxidante vai inativando os radicais por meio da doacdo de elétrons, uma
diminuicao da intensidade da coloracao violeta € observada (PAZINATTO et al., 2008;
KANDI et al., 2019).

O ABTS* é um cromoforo estavel, apresenta alta solubilidade em agua e
absorbancia maxima a 645 nm, 734 nm e 815 nm. A obtencdo desse radical se da a
partir de um precursor, o ABTS (acido 2,2-azino-bis(3-etilbenzotiazolin) -6-sulfénico),
através de reacfes enziméaticas ou quimicas. Para isso, adiciona-se o perssulfato de
potassio e agua a solucao de ABTS, formando um composto de coloracdo azulada
(radical ABTS"), que, quando em contato com agentes antioxidantes, perde a sua

coloracdo original e sofre reducdo. Pela capacidade de ser solubilizado em meios
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organicos e aquosos, esse radical pode ser utilizado na analise de compostos de
natureza lipofilica e hidrofilica. A leitura do experimento se da por meio da mensuracao
da absorbancia em 734 nm em espectro UV-Vis (OLSZOWY et al., 2018).

A literatura relata diversas fontes de origem natural com capacidade
antioxidante. De acordo com Lazzarotto-Figueiro et al. (2021), o extrato etandlico das
sementes de Eugenia uniflora, popularmente conhecida como pitanga, apresentou
Clso (concentragdo minima necessaria para inibir em 50% o agente oxidante) de 23,81
png/mL quando avaliado pelo método do DPPH. Ja o extrato aquoso das folhas de
Morus nigra, amoreira preta, apresentou Clso de 0,12 mg/mL pelo método de DPPH
(SCHAFRANSKI et al., 2019). A atividade antioxidante dos extratos aquosos de folhas
de M. nigra foi corroborada por Dalmagro et al. (2018) ao fazerem uma analise sazonal
dessa espécie vegetal. Goorani et al. (2018) demonstraram atividade antioxidante do
extrato aquoso de Falcaria vulgaris através da avaliacdo de sequestro de DPPH. De
acordo com Guiné et al. (2020), ao avaliar a atividade antioxidante de extratos da fruta
morango (Fragaria ananassa) formulados a base de agua + etanol e agua + acetona,
guanto maior a concentracdo de compostos fendlicos totais e antocianinas, maior a
atividade antioxidante.

O extrato da microalga Scenedesmus obliquus apresentou 88% de capacidade
de reducéo do processo oxidativo quando avaliado pelo método DPPH (SILVA et al.,
2021b). Além disso, Xavier et al. (2020) relatam que o extrato etandlico da mistura de
folhas e vagens de Caesalpinia echinata, Pau Brasil, apresentou atividade
antioxidante dose-dependente sobre o DPPH. O extrato salino das folhas de
Caesalpinia pulcherrima, popularmente conhecida como flamboianzinho, apresentou
potencial antioxidante de 97,94% quando avaliado pelo método de DPPH e de 973,19
(mg EFeSO4 (11)/g) quando avaliado pelo método CAT (Capacidade antioxidante total)
(AGUIAR et al., 2019).

O extrato salino das folhas de Malpighia emarginata apresentou potencial
antioxidante (20,32 = 0,89) cinco vezes maior que o padrdo hidroxitolueno butilado
(4,12 + 0,10) quando avaliado pelo método DPPH, sendo os valores expressos em
mg/mL. Dessa forma, o extrato salino foi capaz de aumentar o sequestro de radicais
livres pelo método DPPH além de promover maior reducéo do ion férrico quando teve
sua atividade antioxidante total determinada (BARROS et al., 2019).

Como dito acima, a atividade antioxidante de extratos vegetais pode estar

associada a diversos compostos secundarios presentes nos mesmos, Como



37

flavonoides, fendis, taninos, acidos fendlicos (VERRUCK et al.,2018). Além destes
compostos, as proteinas, que fazem parte do metabolismo primério, sdo também
relatadas como potenciais antioxidantes devido a sua capacidade de atuar como
enzimas antioxidantes, inativando as EROs (SINGH,2011). Sendo assim, 0s
mecanismos de acdo da capacidade antioxidante de tais moléculas sao bastante
variados, sendo desencadeados pela: remoc¢édo dos radicais livres do meio por
absorcéo e neutralizacao, varredura de EROs, sequestro dos metais catalisadores da
formacédo de radicais livres, inducdo do aumento de antioxidantes enddgenos ou

mesmo pela interagdo de mais de um mecanismo (OLSZOWY et al., 2019).

2.3.4 Avaliacao da atividade fotoprotetora in vitro

O FPS (fator de protecédo solar) € um sistema de classificagcdo numérico que
indica o grau de protecao oferecido pelos produtos destinados a protecao solar. Em
testes in vivo ele é definido pela razdo entre o tempo necessario para a radiacao
ultravioleta provocar uma dose minima eritematosa (DME) em uma pele protegida e
uma pele desprotegida de filtro solar. No entanto, os testes de fotoprotecdo in vivo
necessitam de longo periodo de experimentagdo e necessidade de muitos voluntarios.
Sendo assim, métodos de analise in vitro vém sendo desenvolvidos e aperfeicoados
para triagens iniciais de compostos candidatos a uso como fotoprotetores.

De acordo com a Resolucéo da Diretoria Colegiada (RDC) n° 30, de 1 de junho
de 2012, da Agéncia Nacional de Vigilancia Sanitaria (ANVISA), a fase de
desenvolvimento de formulacdes de fotoprotetores pode ser realizada através de
métodos in vitro de avaliacdo (BRASIL, 2012). O FPS pode ser calculado in vitro a
partir da diluicho da amostra em estudo em etanol, de acordo com o método original,
com subsequente medida da absorbancia em diferentes comprimentos de onda,
conforme a equacéo a seguir (MANSUR et al., 1986):

320
FPS espectrofotométrico = FC.Z EE(A).I(A). Abs(R)
290
onde: FC = fator de corregdo (= 10); EE(A) = efeito eritematdgeno da radiagdo solar em cada
comprimento de onda (A); I(A) = intensidade da radia¢éo solar em cada comprimento de onda (A); Abs(A)
= leitura da absorbancia obtida da amostra em cada comprimento de onda (A).
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A utilizagdo de produtos de origem natural como bloqueadores solares foi
inicialmente descrita através da comparacao entre estruturas de moléculas utilizadas
em filtros solares sintéticos com moléculas presentes em plantas (PROSERPIO et al.,
1976). Esse estudo abriu portas para diferentes pesquisas que visam a avaliacdo da
atividade fotoprotetora de espécies vegetais, a partir da analise de extratos e
moléculas isoladas (PARRADO et al., 2020).

De acordo com Parrado et al. (2020) o extrato aguoso de Polypodium
leucotomos, atualmente comercializado, complementa e aprimora 0s sistemas
antioxidantes endodgenos, neutralizando anions superéxidos, radicais hidroxila e
lipoperéxidos, possuindo a capacidade de inibir a geracao e liberacdo de EROs por
raios UV prevenindo danos diretos ao DNA e acelerando a remocéao de fotoprodutos
induzidos. A capacidade fotoprotetora de P. leucotomos foi comprovada em diversos
estudos in vitro e in vivo que incluem modelos animais e ensaios clinicos com seres
humanos. Uma pesquisa realizada através do uso do extrato de P. leucotomos pelo
método in vivo com 20 voluntarios demonstrou que o extrato foi capaz de reduzir
significativamente a DME além de desencadear efeitos positivos na agéo
antipigmentaria apds a exposicao a radiacdo ultravioleta. Logo, os autores sugerem
gue o uso desse extrato pode ser benéfico para pessoas com dermatoses e para
defesa frente a exposigao solar e estresse oxidativo (SCHALKA, 2014).

Extrato de prépolis, mediante aplicacao topica, exerceu acao protetora frente a
radiacdo UVB, semelhante a exercida pelo filtro de oxibenzona. Os autores reportam
gue a administracdo oral do extrato apresentou acdo quimioprotetora e
antiinflamatéria semelhante ao tratamento oral com P. leucotomos (controle positivo),
no entanto ndo foi observado aumento na protecao frente a queimaduras solares nos
animais tratados oralmente (BATISTA et al., 2018).

Orlanda e Vale (2015) avaliaram in vitro o extrato etandlico de Euphorbia
tirucalli, que apresentou FPS entre 6,05 a 19,82. De acordo com 0s autores, a
presenca de flavonoides, taninos e alcaloides no extrato favoreceu positivamente a
absorcéo da radiacdo UVB. Extratos do caule de cajueiro, Anacardium occidentale,
apresentaram atividade antioxidante e fotoprotetora in vitro demonstrando FPS
maximo de 6,37 (NASCIMENTO et al., 2017).

Yamaguchi e colaboradores (2016) ao avaliarem a atividade fotoprotetora in
vitro de extrato etandlico de 16 tipos de espécies vegetais amazonicas relataram que

0s extratos das cascas de Caryocar villosum, Garcinia madruno e o extrato das
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sementes de Euterpe precatori apresentaram o melhor desempenho fotoprotetor, com
FPS acima de 6. Em avaliagdes in vitro da atividade fotoprotetora do extrato
hidroetandlico do bagaco de uva (Vitis labrusca L.), Dengo et al. (2017) relataram um
FPS maximo de 43,8 para essa formulacao.

A atividade fotoprotetora dos extratos vegetais esta relacionada a presenca de
compostos aroméaticos com pares de elétrons livres, facilitando a capacidade de
absorcdo de raios UV por essas formulacées (LIMA et al., 2020). Sendo assim,
metabolitos secundarios com nucleos aromaticos que atuam como croméforos, como
compostos fendlicos, acidos fendlicos e flavonoides, taninos e alcaloides (POLONINI
et al., 2014) séo capazes de desempenhar essa funcdo. Além disso, devido a relagcéo
intrinseca entre processos oxidativos e o fendmeno da fotoexposi¢cao, uma vez que
0s raios UV em excesso podem reagir com as células da pele desencadeando a
producdo de EROs, estudos sugerem o sinergismo entre a ingestao de antioxidantes
orais e o0 uso de fotoprotetores tépicos no controle dos danos causados por processos
oxidativos (GONTIJO et al., 2020).

2.4. Candida

O género Candida pertence ao Filo Ascomycota, Ordem Saccharomycetales e
Familia Saccharomycetaceae, possuindo espécies responsaveis por causar infeccoes
no homem através de micoses superficiais e invasivas (SANCHES, 2018). Esse
género é composto por fungos leveduriformes e dimérficos, podendo produzir hifas e
pseudo-hifas de acordo com o ambiente nutricional que estdo inseridos (Figura 10)
(FIGUEIRA et al., 2016). Espécies de Candida sdo cosmopolitas e fazem parte da
microbiota normal dos animais, colonizando mucosas do trato gastrointestinal, boca,
vagina e pele (FIGUEIRA et al., 2016; DA PAZ, 2018). Algumas espécies de Candida
se destacam por sua importancia médica, devido as altas taxas de infeccbes
correlatadas, sao elas: C. albicans, C. parapsilosis, C. tropicalis, Candida glabrata, C.
krusei, Candida guilliermondii e Candida lusitaniae (BRANDAO, 2017).
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Figura 10 - Dimorfismo de fungos da espécie Candida albicans, apresentando morfologia leveduriforme

(a) e filamentosa (b).

Fonte: Emazer, 2016

A incidéncia de infec¢cdes por Candida spp. varia de 2 a 6,7 por 1.000
admissdes hospitalares no mundo, sendo 5 a 10 vezes maiores em unidades de
tratamento intensivo (UTIs) que nas enfermarias em geral (DELALOYE et al., 2015).
Ainda, os quadros de infec¢des se agravam nos ultimos anos diante do aumento de
cepas resistentes a antimicrobianos, resisténcia essa que pode ser induzida através
da presséo seletiva exercida pelas drogas destinadas com maior frequéncia aos
tratamentos antimicrobianos, além do uso indiscriminado de farmacos (ESTRELA,
2018).

O tratamento convencional de patogenias causadas por Candida spp. pode ser
realizado através do uso de antimicrobianos da classe dos imidazois e polienos, como
cetoconazol (HAEGLER et al., 2017) e antofericina B (KIM et al, 2018)
respectivamente. Observa-se que o numero de antifngicos disponiveis no mercado
vém aumentando, no entanto, ainda se encontram em desvantagem quando
comparados a quantidade de antibiéticos. Tal cenério representa um grande desafio
para a clinica e pesquisadores, que por sua vez buscam novas fontes bioativas com
potencial antimicrobiano para suprir essa lacuna (MENOZZI et al., 2017) a exemplo
dos extratos vegetais enriguecidos com moléculas bioativas. Os extratos glicoliticos
das raizes de Pfaffia paniculata, das folha de Hamamelis virginiana, cascas da arvore
de Stryphnodendron barbatiman e caules e folhas de Gymnema sylvestre, tiveram seu

potencial antibiofilme avaliados frente a cepas de C. albicans (ATCC 18804). Todos
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0s extratos testados apresentaram acdo antimicrobiana sobre os biofilmes, e de
acordo com os autores podem ser utilizados com finalidades de tratamentos
odontoldgicos (DOMINGUES et al., 2023).

Geraldi et al (2022) reporta a atividade antimicrobiana de extratos vegetais de
Cymbopogon citratus, Curcuma xanthorrhiza, Curcuma aeruginosa e Zingiber
officinale var. rubrum frente a Candida albicans ATCC 10231 através do método de
difusdo de disco determinando MIC e CMF de 3,8 mg/mL para as preparacoes
testadas.

Ainda, a literatura descreve a atividade anti-candida de extratos metanolicos de
folhas de Brucea antidysenterica, Aloe vera, e Justicia schimperiana. O extrato de
folhas de B. antidysenterica e J. schimperiana formaram uma zona média de inibicao
de 15,5 £ 0,5 mm e 15,3 + 0,58 mm, respectivamente, contra Candida albicans na
concentracdo de 200 mg/mL pelo método de difusdo de disco. De acordo com 0s
autores, a atividade antimicrobiana dos extratos estava atrelada a presenca de
metabdlitos secundarios nas mesmas (GIZAW et al., 2022).

Ensaios da avaliacdo da capacidade de adesédo de cepas de C. glabrata ZIM
2369 apoés tratamento com extratos vegetais de Leontopodium. nivale, Peucedanum
ostruthium e Sedum roseum demonstraram uma diminuicdo da capacidade adesiva
de 10% para 24% apds exposicdo aos extratos. Tal resultado foi explicado pelos
autores devido a presenca de monoterepenos contidos em extratos vegetais que
possuem capacidade de inibir a formacdo de biofiime de Candida, mediante a
interacdo com componentes lipidicos na estrutura celular, aumentando assim a
permeabilidade da membrana e causando desequilibrio eletrolitico (TOMICIC et al.,
2022).

2.5. Pectobacterium

Os fitopatégenos sao microrganismos que acometem organismos vegetais
através da inducédo de disturbios metabdlicos celulares, secrec¢ao de toxinas, enzimas
e fitorreguladores, utilizando esses mecanismos para absorverem nutrientes das
plantas para seu proprio desenvolvimento (REGINA e BORBA, 2018).

As bactérias fitopatogénicas sao de grande importancia agricola devido a sua

facilidade de disseminacéo e dificuldade do seu controle. Em ambientes favoraveis, a
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ocorréncia de bacterioses de plantas pode condicionar ou inviabilizar a exploracéo
econdmica de diversas culturas agricolas (TEBALDI & VIOLATTI, 2016). Isolados da
espécie Pectobacterium carotovorum, pertencente a familia Enterobacteriaceae, se
diferenciam quanto as suas caracteristicas fenotipicas, bioquimicas e hospedeiros
gue possuem a capacidade de colonizar. P. carotovorum e suas subespécies podem
se associar especificamente a alguns hospedeiros, mostrando uma maior adaptacéo
aos mesmos (TOTH, et al., 2003; FILHO & MELO, 2008; WALERON, 2018).

Essas bactérias sdo responsaveis por causar a podriddo mole em diversas
hortalicas, como: couve-flor, racula, tomate, alface e cebola, dentre outros. O ciclo da
podriddo mole é iniciado a partir da penetracdo da bactéria em seu hospedeiro por
meio de ferimentos mecanicos ou naturais. Durante a penetracdo, bactérias liberam
enzimas pectoliticas que agem quebrando a pectina (polissacarideo ramificado
contido na parede celular das plantas), auxiliando sua disseminacao no organismo do
hospedeiro. O 6rgao afetado apodrece rapidamente (Figura 11) pela acdo das
enzimas e/ou toxinas liberadas; ainda, essas bactérias possuem a habilidade de retirar
seus nutrientes de tecidos mortos, caracteristica marcante de patégenos necrotréficos
(MELO, et al., 2018).

Figura 11 - Pectobacterium spp. causando a podriddo radicular em diferentes tecidos. (A) Estagio

intermediario da doenca. (B, C) Estagio avancado da doenca com maiores sintomas de necrose.

Fonte: Agrolink, 2016

Duas possiveis solucdes para o controle de fitopatdgenos seriam o0 uso de
sementes resistentes e a rotacao de culturas. No entanto, ndo ha cultivares resistentes
comerciais a alguns dos principais fitopatdgenos, embora gendétipos moderadamente
resistentes ja tenham sido identificados. (MENGISTU et al., 2007, 2011, 2013). A
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rotacdo de cultura, por sua vez, apresenta uma problematica pois varias espécies de
fitopatégenos conseguem sobreviver e se disseminar em restos de cultura (SILVA,
2018b). Uma outra problematica que favorece a incidéncia de enfermidades atribuidas
a fitopatégenos no Brasil € a aplicacdo da semeadura direta, sistema mais utilizado
para preparacdo do solo em areas de producédo de graos (FEBRAPDP, 2013). A
continua producdo de monoculturas em campos de semeadura direta pode causar 0
acumulo de palha, facilitando a disseminagéo de fitopatdgenos (REIS et al., 2011;
POMPEU et al., 2021).

Diante da falta de opc¢des no controle de pragas agricolas, os agrotoxicos sao
amplamente utilizados, porém essas praticas estdo associadas a contaminagcédo dos
recursos hidricos (LOPES et al, 2018), intoxicacao alimentar (MEDEIROS et al., 2014)
e desencadeamento de transtornos mentais e genotoxicidade em individuos
contaminados (CARGNIN et al.,, 2017). Assim, moléculas naturais com potencial
biotecnolégico, como as lectinas, sao alternativas para o desenvolvimento de novas
formas de controle para fitopatdgenos. E importante ressaltar que proteinas podem
ser produzidas em larga escala por meio, por exemplo, de recombinagdo génica
(RIBEIRO et al., 2015). Além disso, podem ser utilizadas no desenvolvimento de
cultivares resistentes, conforme demonstrado por culturas geneticamente modificadas
gue apresentam resisténcia a insetos por expressarem a proteina CRY derivada de
Bacillus thuringiensis (HENDRIKSMA et al., 2012; BROOKES et al., 2019).

2.6. Métodos avaliativos da toxicidade de compostos naturais

Conforme exposto, as plantas sdo dotadas de diversas propriedades
fitoterapicas. O habito de utilizacdo das mesmas sob diversas formas, como chas,
pomadas e extratos, no tratamento de patologias distintas, geralmente baseia-se no
pressuposto de que além de possuirem atividades biologicas, as plantas séo
desprovidas de toxicidade (CARLINI et al. 1988; BHUYAN et al., 2017). No entanto,
ressalta-se que nem sempre o grau de toxicidade de preparacdes a base de plantas
e diferente daquele desencadeado por medicamentos sintéticos e convencionais.
Ainda, por muitas vezes preparos vegetais possuem moléculas tdxicas que, ao

depender das concentracdes, podem acarretar diferentes reagbes adversas, como
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citotoxicidade, lesdes hepaticas e lesbes renais, por exemplo (ROBERTS e WINK,
1998; ZHOU et al., 2021).

Nesse sentido, faz-se necessaria a avaliacdo da toxicidade de compostos de
origem natural visando assegurar seu uso e executar corre¢gées quanto as dosagens
indicadas para cada finalidade, uma vez que o uso indiscriminado e irresponsavel de
preparacdes vegetais é um grande problema de saude publica (VILAS-BOAS et al.,
2021). Sao diversas as maneiras de avaliar toxicidade de compostos isolados ou
preparados a base de plantas, in vitro e in vivo (MUNDAY et al., 2014). De forma geral
os estudos toxicolégicos in vivo podem incluir a avaliagdo de toxicidade aguda,
toxicidade sub-crbnica e toxicidade cronica. Observa-se ainda que os parametros
toxicolégicos podem ser afetados por idade do animal, peso, temperatura, condigdes
patoldgicas e nutricionais (CUNHA et al., 2013).

A avaliacao da toxicidade aguda por via oral caracteriza-se por ser um ensaio
de toxicidade de curto prazo fundamentado na administracdo de doses que podem
variar até 2000 mg/kg. Geralmente utilizam-se grupos contendo 3 animais cada. Apés
a gavagem, os animais sdo observados individualmente durante os primeiros 30
minutos, nas primeiras 24 horas e diariamente durante 14 dias. Dentro desse periodo
observam-se parametros nutricionais que incluem a ingestao de agua e alimento, bem
como o ganho e perda de peso. Além disso sdo avaliadas possiveis mudancas na
pele, nos pelos e nos olhos, ocorréncia de tremores, letargia, convulsdes, diarreias e
letalidade. Esse teste permite avaliar a toxicidade de compostos em concentracfes
elevadas correlacionado com a presenca de quadros de toxicidade desencadeada
(OECD, 2001).

O teste de toxicidade dérmica aguda permite avaliar a capacidade de
compostos, em pequenos intervalos de tempos, induzirem sinais de toxicidade topica,
0 que inclui a presenca de edemas, eritemas, exsudatos e retardamento do
crescimento de pelos apods aplicagdo do composto. Além disso, avalia-se a
capacidade do composto em desencadear alteracdes nos olhos, convulsdes bem
como alteracfes histoldgicas de 6rgaos internos, uma vez que a molécula em estudo
pode ultrapassar as camadas da derme e epiderme, alcancando outros sistemas
(OECD 402, 2001).
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3. RESULTADOS E DISCUSSAO

Os resultados desta tese estado apresentados na forma de artigos. O primeiro
artigo descreve a avaliacdo de extratos salinos de folha e caule de P. elatior quanto a
sua composicao fitoquimica e efeitos fotoprotetores e antioxidantes, bem como a
investigacdo da toxicidade aguda por vial e toxicidade dérmica do extrato das folhas
em camundongos. O artigo foi publicado no periddico “Toxicological Research”,
volume 39, p. 179-190, 2023 (https://doi.org/10.1007/s43188-022-00160-2).

O segundo artigo apresenta os resultados da purificacdo da lectina de folhas

de P. elatior (PeLL), bem como a avaliagéo de sua atividade antimicrobiana in vitro e
toxicidade aguda oral em camundongos. O artigo foi publicado no periédico “Probiotics
and Antimicrobial Proteins”, volume 15, p. 287-299, 2023
(https://doi.org/10.1007/s12602-021-09837-w).
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Abstract

The present study aimed to evaluate saline extracts from the leaves (LE) and stem (SE) of Portulaca elatior in relation
to their phytochemical composition and photoprotective and antioxidant effects, as well as to evaluate the toxicity of the
leaf extract. The extracts were characterized for protein concentration and phenol and flavonoid contents, as well as for
thin layer chromatography (TLC) and high-performance liquid chromatography (HPLC) profiles. Total antioxidant capac-
ity and DPPH and ABTS" scavenging activities were determined. In the photoprotective activity assay, the sun protection
factor (SPF) was calculated. The toxicity evaluation of LE included in vitro hemolytic assay and in vivo oral and dermal
acute toxicity assays in Swiss mice. LE showed the highest protein, phenol, and flavonoid (8.79 mg/mL, 323.46 mg
GAE/g, and 101.96 QE/g, respectively). TLC revealed the presence of flavonoids, reducing sugars, terpenes, and steroids
in both extracts. In HPLC profiles, LE contained flavonoids, while SE contained flavonoids and ellagic tannins. The anti-
oxidant activity assays showed the lowest ICs, values (34.15-413.3 pug/mL) for LE, which presented relevant SPF (>6) at
50 and 100 pg/mL. LE demonstrated low hemolytic capacity, and no signs of intoxication were observed in mice treated
orally or topically at 1000 mg/kg. However, at 2000 mg/kg, an increase in the mean corpuscular volume of erythrocytes
and a reduction in lymphocytes were observed; animals treated topically with 2000 mg/kg displayed scratching behavior
during the first hour of observation and showed edema and erythema that regressed after six days. In conclusion, LE did
not present acute oral or dermal toxicity in Swiss mice at a dose of 1000 mg/kg and showed slight toxicity in animals
treated with 2000 mg/kg.

Keywords Safety assessment - Dermal irritation - Caatinga - Portulacaceae
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insufficient to prevent the consequences associated with the
exacerbated presence of free radicals. Oxidative stress can
trigger several pathological processes [2].

Therefore, it is important to find new molecules with
antioxidant and photoprotective properties for use in cos-
metics, foods, and medicines [3]. In addition, the prefer-
ence for natural products free of parabens, for example, has
increased, as they may be associated with fewer allergic
reactions, also offering reduced environmental risks, such
as when dispersed in water resources [4].

Caatinga plants have been studied because of their high
biotechnological potential for various purposes owing to
their antimicrobial, antioxidant, photoprotective, and anti-
inflammatory activities [5]. The abundant vegetation of
the Caatinga includes Portulaca elatior, a species of herb
that reaches approximately 10 cm and has recently been
reported as a source of important molecules with biomedi-
cal appeal. Silva et al. [6] reported that the small roots of
P. elatior are rich in a lectin (carbohydrate-binding protein)
called PeRoL, which has antimicrobial activity against a
range of pathogens such as Enterococcus faecalis, Pseu-
domonas aeruginosa, Escherichia coli, and Candida spp.
Silva et al. [7] described a mannose/galactose-binding and
thermostable lectin (PeLL) from the leaves of P. elatior that
showed antimicrobial activity against phytopathogenic bac-
teria of the Pectobacterium genus and human pathogenic
fungi of the Candida genus. These studies encourage further
evaluation of the biotechnological and biomedical potential
of distinct types of bioactive molecules from P. elatior.

Our work aimed to evaluate saline extracts from the
leaves and stem of P. elatior in relation to their phyto-
chemical composition and photoprotective and antioxidant
effects, as well as to evaluate the in vitro hemolytic activity
as well as in vivo acute oral toxicity and dermal toxicity of
leaf extract in Swiss mice.

Materials and methods
Preparation of saline extracts from P. elatior

P. elatior was collected in Aroeiras, Paraiba, Brazil, with
authorization (no. 36,301) from the Instituto Chico Mendes
de Conservagdo da Biodiversidade (ICMBio) and regis-
tered (registration no. AD457F9) in the Sistema Nacional
de Gestdo do Patriménio Genético e do Conhecimento
Tradicional Associado (SisGen). Taxonomic identification
was performed by Dr. Rita de Cassia Pereira, and a voucher
specimen (no. 90,976) was deposited in the herbarium of the
Instituto Agronémico de Pernambuco (Recife, Brazil). The
material (leaves or stem) was kiln-dried (56 °C) for 5 days
and then homogenized for 6 h at4 °C with 0.15 M NaCl at a
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Table 1 Thin layer chromatography conditions employed to verify the
presence of secondary metabolites in saline extracts from Portulaca
elatior

Class System Standard  Revealer
Alkaloids 70:20:10 Piperin Dragendorff
Anthracenic 20:30:15:0.5 Senoside B HNO; +A+KOH
derivatives
Cinnamic acid 90:5:5 Caffeic AlCl
derivatives acid
Condensed tannins ~ 90:5:5 Catechin ~ Chloridric
vanillin+A
Coumarins 50:50:50 Coumarin KOH
Flavonoids 90:5:5 Quercetin -~ AlCl;
Hydrolysable 90:5:5 Gallic acid FeCl;
tannins
Reducing sugars 100:11:11:26  Glucose Thy-
mol +H,SO0,+A
Saponins 16:10:2.5 Escin Licbermann-
Burchard +A
Terpenes/Steroids ~ 90:10 B-sitosterol Liebermann-
Burchard +A

ratio of 1:5 (w/v) in a magnetic stirrer. The mixture was fil-
tered through filter paper and centrifuged (9,000 g; 15 min,
4 °C). The supernatants corresponded to the leaf (LE) or
stem (SE) extracts, which were stored at 4 °C until use in
the assays.

Characterization of the extracts
Protein concentration

Protein concentration (mg/mL) of the saline extracts of P. ela-
tior was determined by the method of Lowry et al. [8] using
a bovine serum albumin standard curve (31.25-500 pg/mL).

Thin layer chromatography (TLC)

TLC was used to identify the classes of secondary metabo-
lites present in the saline extracts of P. elatior. Silica gel
plates (60-F254) were placed in a vertical glass chamber
(10x 10 cm). The saturation time of the mobile phase was
30 min at 25+2 °C. The plates were sprayed with specific
reagents for each class of compound investigated (Table 1)
and visualized under ultraviolet light at 254 or 365 nm.
Images were acquired using the UVP MultiDoc-It model
125 imaging system (Analytik Jena) and a Canon Rebel T3
EOS 1100 D camera. The retention factor (Rf) was calcu-
lated as the ratio of the distance traveled by the compound
to the distance traveled by the solvent front.
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Estimation of the content of total phenols and
flavonoids

The total phenol content was estimated using an adapta-
tion of the method described by Singleton and Rossi [9].
An aliquot (20 pL) of the sample was mixed with 100 uL of
Folin-Ciocalteu reagent for 3 min. Then, 80 puL of sodium
bicarbonate solution (0.7 M) was added. The reaction was
allowed to proceed for 2 h in the dark. Subsequently, the
absorbance was measured at 735 nm using a microplate
reader (LQuant MQX200; BioTek). The results were calcu-
lated based on a standard curve of gallic acid (10-100 pg/
mL).

Flavonoid content was determined using the aluminum
chloride colorimetric method [10]. Samples (100 pL; 1 mg/
mL) were mixed with 100 pL of the reagent [2% alumi-
num chloride (AICl;) in methanol] for 1 h in a dark room
at 28 °C. Subsequently, the absorbance was read at 420 nm
using a microplate reader. Quercetin was used to obtain a
calibration curve (10-100 pg/mL).

High-performance liquid chromatography (HPLC)

The sample (2.5 mg) was diluted in 2 mL methanol and
ultrasonicated for 10 min to achieve complete solubiliza-
tion. An aliquot (0.25 mL) was removed from the stock
solution and put into a 5 mL volumetric flask, and the vol-
ume was filled up to the mark with ultrapure water. After
filtration, HPLC analyses were performed on an Ultimate
3000 HPLC system (Thermo Fisher Scientific, USA) cou-
pled to a photodiode array detector (PAD) equipped with
a binary pump (HPG-3 x 00RS), degasser, and autosampler
with a 20 pL loop (ACC-3000). The wavelength was set
at 270 and 350 nm for detecting hydrolyzable tannins and
flavonoids, respectively. Chromatographic separations were
obtained with a Dionex C 18 (USA) (250 mm x 4.6 mm i.d.,
5 um) column equipped with a pre-column (4 mm x 3.9 m
C 18; Phenomenex). The separations were conducted at a
temperature of 26 °C. The mobile phase, consisting of ultra-
pure water (A) and methanol (B), was acidified with 0.05%
triftuoroacetic acid, and the flow was adjusted to 0.6 mL/
min. A gradient program was applied as follows: 0—10 min,
30-45% B; 1015 min, 45-60% B; 15-25 min, 60-90% B:
25-30 min, 90-30% B. For data analysis and processing,
Chromeleon 6.8 software (Dionex/Thermo Fisher Scien-
tific, USA) was used.

Antioxidant activity assays
Total antioxidant capacity (TAC)

TAC was determined according to the method described by
Young et al. [11]. Initially, 100 pL of the extract (31.25—
1000 pg/mL) or ascorbic acid (31.25-1000 pg/mL) were
mixed with 1 mL of the reagent solution (0.6 M, 28 mM
sodium phosphate, and 4 mM ammonium molybdate). After
90 min of incubation at 95 °C, the absorbance at 695 nm
was measured using a DR-200Bc microplate reader (Diatek,
Wuxi, China). The ICy, (the concentration responsible for a
50% reduction in absorbance) of the samples was calculated
using linear regression.

DPPH (2,2-diphenyl-1-picryl-hydrazyl) scavenging
activity

The assay was performed according to the method described
by Mishra et al. [12]. To evaluate the ability of P. elatior
extracts to scavenge DPPH free radicals, an aliquot of 40
uL of the extract at different concentrations (31.25-1000 pg
/mL) was mixed with 250 pL of 1| mM DPPH solution and
incubated for 25 min at 28 °C, protected from light. The
reduction in the concentration of DPPH radicals was moni-
tored by measuring the decrease in absorbance at 517 nm
using a DR-200Bc microplate reader. Ascorbic acid was
used as the positive control. ICs, values were calculated
using linear regression.

ABTS* (2,2"-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)) scavenging activity

The experiments were performed according to the method
described by Nenadis etal. [13]. ABTS" radical was obtained
by mixing 5 mL of ABTS solution (7 mM) with 88 puL of 140
mM potassium persulfate solution. This mixture remained
in the dark at 28 °C for 16 h. The ABTS" radical solution
was diluted with ethanol to an absorbance of 0.700+0.020
at 734 nm. Samples (10 pL) of the extract (31.25-1000 pg/
mL) were mixed with 1 mL of the ABTS +radical, incu-
bated for 6 min, and then the absorbance at 734 nm was
measured on a DR-200Bc microplate reader. Ascorbic acid
was used as the standard. The ICs, values were determined
by linear regression.

Photoprotective activity
The in vitro photoprotective activity of P. elatior extracts
was evaluated by determining the maximum wavelength

(M) Of absorption and maximum absorbance (A,,,,). The
extracts were dried and diluted in ethanol at a concentration
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0f 0.2 pg/mL, and the absorbance of the solution was deter-
mined at wavelengths from 290 to 320 nm in a 1.0 cm
quartz cuvette, and the absorption in the UVB regions was
checked using a Gene Quant 1300 spectrophotometer (GE
Healthcare Life Sciences, Sweden). The sun protection fac-
tor (SPF) was calculated as described by Mansur et al. [14]
according to the following equation:
320

SPF=CFY ~—EENIN)|N)

290

where CF is the correction factor (= 10), EE(A) is the ery-
thematogenous effect of solar radiation at each wavelength
(%), I(%) is the intensity of solar radiation at each wavelength
(1), and Abs(}) is the absorbance obtained from the sample
at each wavelength ().

Toxicity evaluation

Owing to its high antioxidant and photoprotective activities,
the leaf extract was selected for toxicity evaluation tests.
The in vivo experiments were performed with the approval
of the Ethics Committee on Animal Use of the Universidade
Federal de Pernambuco (process no. 0081/2020).

In vitro hemolytic assay.

This assay was performed according to the method
described by Malagoli et al. [15]. Blood samples (5-10
mL) were obtained from healthy volunteers who signed a
consent form. Then, the red blood cells were isolated from
whole blood using Ficoll-Hypaque (Sigma-Aldrich, St.
Louis, MO, USA) and centrifuged (1500 rpm for 10 min at
4 °C). Next, the erythrocytes were washed three times with
phosphate-buffered saline (pH 7.4). In test tubes, 1.1 mL of
erythrocyte suspension (1%, v/v) and 0.4 mL of LE at differ-
ent concentrations (7.81-1000 pg/mL) were added. Saline
solution was used as a negative control, and Quillaja sapo-
nin (0.0025% w/v) as a positive control. After 60 min of
incubation, the cells were centrifuged, and the absorbance
of the supernatant at 540 nm was recorded using a Gene
Quant 1300 spectrophotometer. The following formula was
used to analyze the results:

Hemolysis (%) = (A;— Ay) x 100/ (A, — Ay).

where A, is the negative control absorbance, A, is the
test absorbance, and A, is the positive control absorbance.
The EC;, (concentration of the extract causing hemolysis
equivalent to 50% of that observed in the positive control)
was calculated by linear regression in GraphPad Prism 8
(GraphPad Software, San Diego, CA, USA).

In vivo oral acute toxicity assay.

The test followed the OECD protocol no. 423 [16], and
the following parameters were evaluated: weight, water,
and food consumption, and the presence of behavioral and
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physical changes were checked daily. Blood biochemi-
cal and hematological analyses, as well as histopathologi-
cal analysis, were performed at the end of the assay. The
animals (Swiss mice) were divided into three groups, each
consisting of three animals. The two groups were treated
separately with LE at a single dose of 1000 or 2000 mg/
kg per os (gavage). In the third group, corresponding to the
control group, NaCl 0.9% (w/v) was administered in a sin-
gle dose. The assay lasted for 14 days.

Acute dermal toxicity in vivo.

The assay followed OECD protocol no. 402 [17]. Female
Swiss mice were randomly divided into three groups (n=5
per group). Each animal was kept separately in cages, and
part of the dorsal region was shaved (2 cm x 2 cm) 48 h
before the experimental procedure. After this period, 1000
or 2000 mg/kg LE was applied topically to the shaved area.
The negative control was topically administered with 0.9%
NaCl. After application, the animals were observed for 30,
60, and 120 min and for fourteen consecutive days regard-
ing the assessment of skin, eyes, salivation, tremors, con-
vulsions, motor activity, response to sensory stimuli, and
other clinical signs of toxicity [18]. Edema and erythema
were also observed. Hair growth was evaluated and clas-
sified as: P1 - no apparent hair growth; P2 - initial stage of
hair growth; P3 - localized hair growth, with the appearance
of imperfections; P4 - advanced hair growth with few vis-
ible flaws.

Biochemical and hematological analyzes

Blood samples were collected from mice of the acute and
dermal toxicity assays at the end of the experiments in
tubes containing ethylenediaminetetraacetic acid (EDTA)
for hematological analysis. The following parameters
were evaluated: red blood cells (RBC), hematocrit (HTC),
hemoglobin (Hb), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), platelets (PLT), total leuko-
cytes (LEU), segmented leukocytes (SEG), lymphocytes
(LYM), monocytes (MON), basophils (BAS), and eosino-
phils (EOS). Biochemical analyses were performed with the
serum obtained after centrifugation (3000 rpm for 15 min).
Albumin (ALB), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP),
bilirubin (BIL), gamma glutamyl transferase (GGT), total
protein (PT), urea (UR), creatinine (CRE), total cholesterol
(TC), and triglycerides (TG) levels were evaluated using
commercial diagnostic kits (Labtest Diagnosticos, Lagoa
Santa, Brazil) and a COBAS Mira Plus analyzer (Roche
Diagnostics Systems, Basel, Switzerland).
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Histological analysis

The organs (liver, kidneys, heart, lung, stomach, and spleen)
of the animals from the acute oral toxicity assay were col-
lected and placed in 10% buffered formaldehyde solution
for histopathological analysis, followed by dehydration in
alcohol (70-100%), diaphanization in xylene, and embed-
ding in paraffin. Finally, 5 mm sections of the samples were
fixed on glass slides and stained with hematoxylin-eosin for
analysis using an optical microscope.

Statistical analysis

Results are expressed as the mean of repetitions+ standard
deviation (SD). Analysis of variance (ANOVA) was per-
formed, followed by Tukey’s test for multiple comparisons.
The statistical significance level was set at a p-value <0.05.

Results

The stem extract (SE) and the leaf extract (LE) of P. ela-
tior showed protein concentrations of 5.46 and 8.79 mg/mL,
respectively. Phytochemical screening by TLC revealed the
presence of flavonoids, reducing sugars, terpenes, and ste-
roids in the SE and LE. Tannins, anthracene derivatives,
coumarins, alkaloids, and saponins were not detected. The
extracts of P. elatior showed elevated levels of phenols (SE:
24.63 mg GAE/g; LE: 323.46 mg GAE/g) and flavonoids
(SE: 3.36 mg QE/g; LE: 101.93 mg QE/g), corroborating
the results obtained by TLC. However, it was observed that
the concentration of both classes of secondary metabolites
was approximately 13 (phenols) and 30 (flavonoids) times
higher for LE when compared to SE, with LE also show-
ing a higher protein concentration, as already mentioned. In
the HPLC profiles, LE (Fig. 1 A) and SE (Fig. 1B) exhib-
ited four and three peaks, respectively. Peaks 1-3 in both
samples had typical UV spectra compatible with flavonoids,
with absorption maxima between 257 and 353 nm; peak 4,
which is only present in SE, showed a scanning spectrum
corresponding to ellagic tannin (Figure S1).

The results of the antioxidant activity assays (Table 2)
for LE showed lower ICy, values than those for SE. Fur-
thermore, the ICs, values determined for LE in the ABTS*
and DPPH assays were close to those estimated for ascorbic
acid. Regarding the photoprotection assay, LE presented a
relevant SPF (>6.0) at concentrations of 50 and 100 pg/mL
(Table 3). On the other hand, SE did not show relevant pho-
toprotective activity at any tested concentration.

In the hemolytic activity assay, LE showed an ECs, of
2292 pg/mL. Regarding the assessment of in vivo toxic-
ity, the animals did not show significant changes (p>0.05)

in weight gain, water, and food consumption when treated
orally or topically with LE (1000 or 2000 mg/kg) com-
pared to the negative control. According to the histologi-
cal analysis performed on the organs of the animals treated
orally with LE, no significant changes were observed in the
lungs, liver, heart, stomach, and kidneys compared with
the control (Fig. 2). About the evaluation of hematologi-
cal parameters, animals treated orally with 1000 mg/kg LE
did not show significant changes, but animals treated with
2000 mg/kg LE showed an increase in MCV and a reduction
in the number of lymphocytes (Table 4). No changes were
observed in the biochemical blood parameters in animals
treated orally with both doses of LE (Table 5).

Histological analysis (Fig. 2) showed that control and
LE-treated animals presented liver with preserved homo-
geneous parenchyma and capsule; stomach with mucosa,
submucosa, muscle fibers, and serosa without alterations,
absence of infiltrates and degenerative and necrotic altera-
tions; heart with preserved parenchyma and muscle fibers;
and lungs with preserved capsule, absence of infiltrates,
degenerative and necrotic changes. In relation to the kid-
neys, mice treated with the extract at both doses showed
nephrons and tubules without structural and cellular altera-
tions but with slight variation in Bowman'’s space.

In the evaluation of LE dermal toxicity, no hematologi-
cal (Table 4) or serum biochemical changes (Table 5) were
detected. Changes in urinary frequency, drowsiness, altera-
tion in eye color, diarrhea, and death were also not observed
in the treated animals. In contrast, the animals tried to scratch
themselves repeatedly during the first hour of observation,
a behavior combined with frequent paw licking as a form
of self-cleaning. After the first hour of topical LE applica-
tion, this behavior stopped. Two animals in the 2000-mg/kg
group had S2-score edema (Table 6) with regression to SO
on the sixth day of analysis, and one animal had El-score
erythema with regression to EO on the sixth day. According
to the hair growth analysis, a growth stimulus was observed
in the group of animals treated with 2000 mg/kg LE:60% of
the animals in this group reached the maximum stage of hair
growth (P4) on the last day of analysis, while only 20% of
the animals in the control and 1000-mg/kg treatment groups
achieved the same result (Table 6).

Discussion

SE and LE contained proteins, and according to Silva et al.
[6], a saline extract from the roots of P. elatior has a protein
concentration of 5.13 mg/mL. Proteins constitute a diverse
and heterogeneous group of macromolecules and therefore
have various biological activities, such as antimicrobial
[19], antitumor [20], insecticidal [21], and antioxidant [22]
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Fig. 1 High performance liquid chromatography profiles of saline extracts from leaves (A) and stem (B) of P. elatior

Table 2 Antioxidant activity of saline extracts from stem (SE) and
leaves (LE) of P. elatior determined through the total antioxidant

Table3 Sun protection factor (SPF) values for the saline extracts from
stem (SE) and leaves (LE) of P, elatior at different concentrations

capacity (TAC) test and DPPH and ABTS" scavenging assays Extract concentration (jg/mL) SPF

Sample 1G5 (ng/mL) SE  LE
TAC ABTS" DPPH 125 0.56 227

SE 9475+8.5 626.8+5.5 2499+4.3 25.0 0.97 343

LE 413.3+3.6 34.15+2.3 5544%29 50.0 1.66 12.95

Ascorbic acid 328.7+6.1 27.83x1.6 43.54%2.1 100.0 334 17.03

Values are expressed as mean + standard deviation. Ascorbic acid was
used as positive control. ICs;: sample concentration capable of inhibit
the oxidant agent presence or effectin 50%. ABTS": 2,2’-azino-bis(3-
ethylbenzothiazoline). DPPH: 1,1-diphenyl-2-picrylhydrazyl
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activities. The literature also reports different plant proteins
with antioxidant capacity by inhibiting lipid peroxidation
as well as neutralizing harmful free radicals [23]. Further-
more, it has been reported that the position of amino acids
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Table 4 Hematological parameters of mice treated orally or topically (dermal application) with saline extract from leaves of Portulaca elatior

Parameters Oral administration Dermal application

Control 1000 mg/kg 2000 mg/kg Control 1000 mgkg 2000 mg/kg
Erythrocytes (10%mm’) 6.8+0.76  6.1+047 7.06+0.12  7.00+0.25 7.00+0.44 572+0.71
Hematocrit (%) 45.9+0.36 46.13+0.29 41.92+3.13  46.19+0.53 46.19+0.53 42.33+4.46
Hemoglobin (%) 15.4+1.77 1643%0.5 15.79+0.63 16.49+0.53 16.49+0.53 16.31+0.83
MCV (%) 44.03+2.77 46.55£0.98 59.11+11.36* 46.27+0.57 46.27+0.57 44.34+4.04
MCH (%) 17.64+0.28 17.49+0.20 2259+423 17.62+0.31 17.62+0.31 17.94+0.20
MCHC (%) 35.73+£3.2 37.89+0.11 3792+0.26 37.95+0.08 37.95+0.08 36.29+1.85
Leukocytes (10*/mm’) 7.07+0.19 10.70+0.51 7.97+253  7.24+043 7.24+0.43 7.28+0.84
Segmented (%) 49.96+0.54 50.81+0.52 52.34+2.60 50.72+1.2 50.72+1.2 50.39+1.56
Lymphocytes (%) 38.76+0.3 37.54+1. 322+59% 37.57+1.82 37.57+1.82 35.16+142

15

Monocytes (%) 11.26+0.30 11.64+0.62 1544+3.38 11.71+0.66 11.71+0.66 13.45+1.79

Values are expressed as mean+standard deviation. (*) p>0.05 in comparison with control. MCV: mean corspuscular volume. MCH: mean
corspuscular hemoglobin. MCHC': mean corspuscular hemoglobin concentration

Table 5 Biochemical parameters in blood of mice from oral and dermal toxicity assays with saline extract of leaves of Portulaca elatior

Parameters Oral administration Dermal application
Control 1000 mg'kg 2000 mg'kg Control 1000 mg'kg 2000 mg/kg

Albumin (g/dL) 25.92+1.6 2550+0.82 2541%1.71 29.58+2.56 29.58+2.56 27.028+6.26
ALT (UL) 66.88+1.0 69.85+4.35 66.5+1.56 68.37+7.50 68.37+7.50 63.182+9.44
AST (UL) 102.6+38  97.56+2.4 104.71+6.09 107.55+£22.09 107.55+22.09 87.31+20.82
Alkaline phosphatase (IU/L) 11.83+0.82 9.91+2.8 12.53+0.90 10.61+1.83 10.61+1.83  6.722+2.37
GGT (UL) 9.59+0.58 9.22+0.43 9.54+1.39 9.487+2.02 9.487+2.02 6.622+1.77
Total protein (g/dL) 46.96+3.8 46.09+3.11  42.72+2.80 50.86+9.5 50.86+9.5 40.95+10.13
BUN (mg/dL) 3.58+0.2 3.57+0.11 3.56+0.24 3.939+0.33 3.939+0.33  3.668+1.26
Creatinine (mg/dL) 5.01+0.1  4.49+0.26 4.37+0.09 5.232+0.74 5.232+0.74 3.7+1.56
Bilirubin 0.26+0.05  0.25+0.70 0.23+0.04 0.44+0.07 044+0.07  0.31+0.09

Values are expressed as meantstandard deviation. No significant differences (p>0.05) were found. ALT=alanine aminotransferase;
AST =aspartate aminotransferase; BUN =blood urea nitrogen; GGT = gamma-glutamyl transferase

in the protein chains, as well as their composition, influence
the antioxidant activity of the molecule since aromatic and
polar amino acids such as arginine and histidine are able
to potentiate the antioxidant activity of the macromolecule
[24, 25]. Gao et al. [26], who phytochemically character-
ized an ethanol extract of the aerial parts of Portulaca olera-
cea, demonstrated the presence of flavonoids, terpenes, and
polysaccharides similar to those found by us for SE and LE.

Although the presence of ellagic tannin could account
for the antioxidant activity of SE, it was not present in LE,
which showed the highest effect. Thus, the higher antioxi-
dant activity of LE in comparison with SE can be explained
by the higher levels of proteins (1.6 times higher) and fla-
vonoids, whose concentration was 30.3 times higher. The
antioxidant activity of plant species is typically associated
with the presence of compounds belonging to proteins
and phenols [27]. The antioxidant activity of plant species
is typically associated with the presence of compounds
belonging to proteins and phenols [27]. The mechanisms of
the antioxidant action of these compounds vary, being trig-
gered by the removal of free radicals from the environment
by absorption and neutralization, scavenging of ROS and

catalyst metals, or even by the interaction of more than one
mechanism [28, 29]. An important next step would be to
evaluate whether LE has antioxidant activity in human cells.

The mechanism of free radical generation in the body
may be of endogenous or exogenous origin. Mechanisms
of endogenous origin occur mainly in the mitochondria,
cell membranes, and cytoplasm and may be favored in the
presence of iron and copper ions. The exogenous sources of
free radicals are smoking, chemotherapy, and exposure to
UV rays [30]. Ultraviolet rays can react with skin cells, trig-
gering the production of reactive oxygen species and caus-
ing damage to nuclear and mitochondrial DNA [31]. Thus,
owing to the intrinsic relationship between oxidative pro-
cesses and damage caused by photoexposure, the photopro-
tective activity of saline extracts of P. elatior was evaluated.
LE presented more than double the minimum SPF (SPF =6)
required for topical photoprotective formulations according
to the Brazilian Ministry of Health and the Mercosul tech-
nical regulation on sunscreens and cosmetics [32]. On the
other hand, the absence of photoprotective activity in SE
may be associated with a lower concentration of secondary
compounds [33].
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Fig. 2 Photomicrographies of liver, kidneys, stomach, heart, and lung
sections from control animals and mice treated with saline extract of P.
eIanor leaves at 1000 and 2000 mg’kg. Control: liver with preserved

hyma and capsul ludneys with ncphtons and
tubules without structural and cellular cl h with

1000 mg/kg

2000 mg/kg

served parenchyma and muscle fibers; and lung w1th preserved capsule,
T

absence of infiltrates, degenerative and

with the extract (1000 and 2000 mg/kg): the same characteristics of

the control group are observed, except for the kidneys, which present
pl and tubules without structural and cellular alterations, but

submucosa, muscle fibers and serosa w11hout alterations, absence of
infiltrates and degenerative and necrotic alterations; heart with pre-
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with slight variation in Bowman’s space
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Flavonoids are the most evaluated class of secondary
metabolites for photoprotective effect owing to the presence
of two aromatic rings in their structure with two absorp-
tion bands (bands I: 240-280 nm; band II: 300-550 nm)
that guarantee a broad absorption spectrum and can trig-
ger protection against UVA and UVB radiation. Moreover,
structures containing electron-donating aromatic rings can
absorb excited unsaturated electrons that release absorbed
excess energy in the form of heat upon returning to the
ground state. In addition to functioning as UV blockers, fla-
vonoids can also reduce the inflammatory response and oxi-
dative stress induced by UV radiation. Thus, flavonoids can
promote protection against the effects of the sun by inhibit-
ing or accelerating the removal of induced photoproducts,
as they act by neutralizing superoxide, hydroxyl, and lipo-
peroxide radicals [34-36]. Studies have suggested syner-
gism between the ingestion of oral antioxidants and the use
of topical sunscreens in the control of damage caused by
photoexposure [37].

LE showed significantly higher photoprotective and
antioxidant activities than SE. Therefore, LE was selected
for toxicity evaluation tests to produce data that could be
used in future studies to generate formulations. This extract
showed extremely low hemolytic capacity, mainly when
compared to plant extracts from other plants such as Cro-
ton bonplandianum (ECsy: 150 pg/mL) [38] and Spondias
tuberosa (ECsy: 740.8 pug/mL) [39]. In addition, studies
have reported that flavonoids have anti-hemolytic activity
[40, 41] because of their ability to bind to the membranes of
erythrocytes, protecting them from hypotonic lysis and lipid
peroxidation [42].

Regarding the assessment of in vivo LE toxicity, the
evaluation of weight gain, water, and food consumption is
a valuable tool in determining the safe use of a compound
since a reduction in body weight can be related to reduced
appetite, as well as nutritional deficits associated with defi-
ciencies in the absorption of micronutrients, vitamins, and
minerals due to intoxication. Water and nutrient intakes are
essential for the maintenance of homeostasis in physiologi-
cal processes [43]. Thus, our results suggest that LE has low
toxicity.

As mentioned, animals treated with 2000 mg/kg showed
an increase in MCV and a reduction in the number of lym-
phocytes. The increase in MCV can be related to diverse
types of anemia, such as macrocytic and hemolytic ane-
mia [44]. However, no changes were observed in hemato-
crit, MCH, MCHC, or erythrocyte and hemoglobin counts,
which is evidence against the development of anemia [45].
Lymphocytopenia can be associated with infections of viral
origin, malnutrition, bone marrow damage, and hepatitis
[46, 47]. However, according to the observed results, the
animals did not show a reduction in weight or water intake,
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and the histological data did not indicate changes in organs
related to infections. Finally, parameters obtained regarding
the levels of eosinophils and basophils did not show signifi-
cant differences in the LE group compared with the negative
control group.

Orally administered substances are absorbed by the gas-
trointestinal tract and metabolized in the liver. Thus, the
ability to induce acute or chronic liver disease is a frequent
reason for discontinuing drug development and evaluation
during or after preclinical studies [48, 49]. In the present
study, no changes were observed in the serum concentra-
tions of liver enzymes in animals treated orally with both
doses of LE. Anusha et al. [50] reported the absence of tox-
icity of the aqueous extract of aerial parts of P. oleracea
administered orally to mice and demonstrated the hepato-
protective effect of this preparation against the induction of
liver injury with carbon tetrachloride.

Studies report the toxicity of P. elatior “‘in natura™ against
goats [51] and cattle, where two out of five cattle died
approximately 18 h after feeding on P. elatior [52]. In the
present study, no mouse lethality was caused by LE, and
toxicity symptoms were absent in mice treated orally or sub-
cutaneously. Our data suggest that the possible molecules
involved in the toxicity of P. elatior “in natura™ were not
extracted by saline solution or were present at concentra-
tions below those necessary to trigger toxicological changes.

Regarding the evaluation of LE dermal toxicity, the
results indicate that LE does not cross the skin’s surface and
does not reach the systemic circulation of the animal, or if it
exceeds the transdermal layers, it does not cause any trace
of toxicity [53]. The scratching behavior observed may also
be associated with irritation and burning [54]. Erythema
associated with cellular infiltration and epithelial erosion
followed by edema is the main feature of acute inflamma-
tory reactions in skin irritation tests [55]. Finally, the induc-
tion of hair growth by plant extracts may be associated with
the increased expression of hair growth-promoting genes,
including keratinocyte growth factors. A similar effect was
reported by Junlatat et al. [56] in the treatment of mice with
an ethanolic extract of Carthamus tinctorius.

In conclusion, saline extracts from the leaves and stems
of P. elatior have antioxidant activity, while the leaf extract
showed photoprotective activity. The most potent activities
obtained for the leaf extract to the detriment of the stem
extract may be related to the higher concentration of phe-
nolic compounds, flavonoids, and proteins. Furthermore,
the leaf extract did not cause acute oral or dermal toxic-
ity in Swiss mice treated with a dose of 1000 mg/kg. How-
ever, it showed only slight toxicity in animals treated with
2000 mg/kg.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s43188-
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Abstract

Lectins are carbohydrate-binding proteins with several bioactivities, including antimicrobial properties. Portulaca elatior
is a species found at Brazilian Caatinga and data on the biochemical composition of this plant are scarce. The present work
describes the purification of P. elatior leaf lectin (PeLL) as well as the assessment of its antimicrobial activity and toxicity.
PeLL, isolated by chromatography on a chitin column, had native liquid charge and subunit composition evaluated by elec-
trophoresis. Hemagglutinating activity (HA) of PeLL was determined in the presence of carbohydrates or divalent cations, as
well as after heating and incubation at different pH values. Changes in the lectin conformation were monitored by evaluating
intrinsic tryptophan fluorescence and using the extrinsic probe bis-ANS. Antimicrobial activity was evaluated against Pecto-
bacterium strains and Candida species. The minimal inhibitory (MIC), bactericidal (MBC), and fungicidal (MFC) concentra-
tions were determined. Finally, PeLL was evaluated for in vitro hemolytic activity in human erythrocytes and in vivo acute
toxicity in mice (5 and 10 mg/kg b.w. per os). PeLL (plI 5.4; 20 kDa) had its HA was inhibited by mannose, galactose, Ca>*,
Mg?*, and Mn?*. PeLL HA was resistant to heating at 100 °C, although conformational changes were detected. PeLL was
more active in the acidic pH range, in which no conformational changes were observed. The lectin presented MIC and MBC
of 0.185 and 0.74 pg/mL for all Pectobacterium strains, respectively; MIC of 1.48 pg/mL for C. albicans, C. tropicalis, and
C. krusei; MIC and MFC of 0.74 and 2.96 png/mL for C. parapsilosis. No hemolytic activity or signs of acute toxicity were
observed in the mice. In conclusion, a new, low-toxic, and thermostable lectin was isolated from P. elatior leaves, being the
first plant compound to show antibacterial activity against Pectobacterium.

Keywords Antibacterial activity - Antifungal activity - Phytopathogens - Candida - Pectobacterium - Lectin
characterization

Introduction

Opportunistic fungi are the main etiologic agents of infec-
tions that affect immunocompromised individuals, especially
those undergoing chemotherapy treatments, recently trans-
planted, or infected with HIV [1, 2]. For example, Aspergillus
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Sfumigatus, Candida albicans, Candida tropicalis, Candida
glabrata, Candida parapsilosis, and species of the genera
Trichosporon and Cryptococcus cause systemic mycoses [3].

Worldwide, C. albicans and C. kusei are among the most
common species of the Candida genus isolated from super-
ficial and invasive infections at different anatomical sites [4].
C. tropicalis and C. krusei have a high incidence in patients
with neoplasms, mainly of the hematological type [5]. Some
Candida strains have shown resistance to antifungal azoles
due to increased production of transporters involved in the
efflux of the drug and/or mutations in the enzyme that pre-
vent the binding of the antifungal to the target. Cases of
drug resistance to other antifungals, such as polyenes (e.g.,
amphotericin B), are less frequent; however, these drugs are
highly toxic to humans [6, 7].
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Diseases caused by microorganisms have also been a
problem in agriculture, reaching large proportions. Great
crop losses are related to the action of phytopathogens,
pest insects, poor packaging, and inadequate transport [8].
In Brazil, an annual loss of more than 125 million tons of
beans, rice, wheat, potatoes, corn, and soybeans has been
estimated to be caused by fungi, phytopathogenic bacteria,
and pest insects [9]. The genus Pectobacterium includes
Gram-negative phytopathogenic species belonging to the
Enterobacteriaceae family and is involved in the pathogen-
esis of soft rot, which mainly affects vegetables [10]. Soft rot
is directly associated with crop waste and increased spending
on pesticides and fertilizers [11]. These bacteria release pec-
tinolytic enzymes, which degrade the pectin within the cell
wall of plants, causing tissue necrosis [12]. Pectobacterium
carotovorum and its subspecies differ in terms of phenotypic
and biochemical characteristics, as well as hosts that they
can colonize [11, 13].

The use of pesticides is the main method employed for
phytopathogen control, bringing benefits to rural producers
in the short and medium term; however, in the long term,
it can induce the emergence of resistant strains [14]. Stud-
ies have also shown that soil and water resources located
close to agricultural planting areas can be contaminated by
toxic products present in pesticides, such as dichlorodiphe-
nyltrichloroethane (DDT), benalaxyl, and even substances
already banned in some countries, such as hexachlorocy-
clohexane [15, 16]. In addition, traces of toxic pesticides
have been found in several food samples, exposing the popu-
lation to poisoning [17].

Thus, the development of new strategies to combat agri-
cultural pests and human pathogens, with reduced toxic-
ity to the environment and humans, has been the focus of
many studies [18]. The discovery of new antimicrobials can
increase the possibility of rotation, minimizing the selection
pressure that leads to the establishment of resistance [19].
Lectins are among the candidates for the development of
new antimicrobial agents [20, 21].

Lectins are proteins that bind specifically and reversibly
to carbohydrates. These proteins have several biomedical
and biotechnological applications in the development of
new antiviral, antimicrobial, anti-inflammatory, and antitu-
mor agents; histochemical probe tools to assist the diagnosis
and prognosis of diseases; drug delivery systems; biosen-
sors; and insecticidal formulations [20, 22-24]. Lectins can
interact with the cell wall and membrane compounds of
microbial pathogens, thereby inhibiting their development
through the induction of oxidative stress, damage to the cell
surface, apoptosis, and necrosis, among other mechanisms
of action [25].

The genus Portulaca comprises approximately 120 spe-
cies of plants, with 13 species reported in Brazil. Portulaca
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elatior is a species of this genus found in northeastern Bra-
zil, especially in Bahia, Pernambuco, and Paraiba [26]. Data
on this plant are scarce, especially when considering reports
of isolated compounds. However, Silva et al. [27] reported
that the roots of this plant contain a lectin called PeRoL,
which shows antimicrobial activity against bacteria and
fungi that are pathogenic to humans. PeRoL is a thermo-
stable and trehalose-binding lectin that is not cytotoxic to
human cells in vitro [27].

In this sense, the present work aimed to purify and char-
acterize a new lectin from the leaves of P. elatior (named
PeLL) and to assess its antimicrobial activity against Pec-
tobacterium and Candida spp. Furthermore, PeLL was
analyzed for in vitro hemolytic activity and in vivo acute
toxicity in mice.

Materials and methods
Purification of Portulaca elatior Leaf Lectin (PeLL)
Extract Preparation

Leaves of P. elatior were collected in April 2018 at Aroei-
ras, Paraiba, Brazil, with authorization (no. 36301) of the
Instituto Chico Mendes de Conservagao da Biodiversi-
dade (ICMBIo) and registry (no. AD457F9) at the Sistema
Nacional de Gestdao do Patriménio Genético e do Con-
hecimento Tradicional Associado (SisGen). The leaves
were then dried at 50 °C using a drying oven (Fanem, Sdo
Paulo, Brazil) for 6 h. The dried leaves were powdered,
and the flour was homogenized on a magnetic stirrer (6 h at
4 °C) with 150 mM NaCl in a proportion of 5% (w/v). The
suspension was filtered through qualitative cellulose filter
paper and centrifuged (9000 g, 15 min, 4 °C) to yield the
leaf extract.

Hemagglutinating Activity (HA)

The presence of lectins in the samples throughout the
purification process was evaluated by testing the HA in
96-well microtiter plates, according to Paiva and Coelho
[28]. An aliquot (50 pL) of the sample was twofold seri-
ally diluted in 150 mM NaCl before adding 50 pL of a
suspension (2.5%, v/v) of rabbit erythrocytes fixed with
glutaraldehyde (collection method approved by the Ethics
Committee on Animal Use of the Universidade Federal
de Pernambuco; process no. 23076.033782/2015-70). The
HA was expressed as the reciprocal of the largest dilu-
tion of the sample that promoted total hemagglutination.
Specific HA was defined as the ratio between HA and the
protein concentration (mg/mL).
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Protein Concentration

Protein concentration was determined according to Lowry
et al. [29] using a standard bovine serum albumin curve
(31.25-500 pg/mL; Sigma-Aldrich, USA).

Fractionation and Chromatography

The leaf extract was subjected to protein fractionation using
the technique of precipitation by ammonium sulfate at differ-
ent saturations (0-20%; 20-40%; 40-60%; 60-80%), accord-
ing to Green and Hughes [30]. After each step, the material
was centrifuged (15 min, 5000 x g, 4 °C), and the precipi-
tate and supernatant fractions were dialyzed against distilled
water (4 h) and 150 mM NaCl (4 h) and evaluated for HA
and protein concentration. The leaf extract was chromato-
graphed (2 mL) on a column (7.5 1.5 cm) of chitin (Sigma-
Aldrich) previously equilibrated with 150 mM NaCl. The
fractions containing non-adsorbed proteins were collected,
and the adsorbed proteins were eluted with 1.0 M acetic
acid. After dialysis of the adsorbed fractions against distilled
water (4 h) and 150 mM NacCl (4 h) for eluent removal,
all chromatographic fractions were evaluated for HA and
protein concentrations. The eluted fractions containing the
adsorbed proteins corresponded to PeLL.

Characterization of PeLL

Polyacrylamide Gel Electrophoresis (PAGE)
and Determination of Isoelectric Point

The homogeneity of PeLL (150 pg) was assessed by PAGE
under native conditions for acidic [31] or basic [32] proteins.
Staining was performed with 0.02% (w/v) Coomassie Bril-
liant Blue in 10% acetic acid or 1% (w/v) Amido Black in
10% (v/v) acetic acid. PeLL (150 pg) was also subjected
to PAGE under denaturing conditions, in the presence of
sodium dodecyl sulfate (SDS), according to Laemmli [33].
Molecular mass markers (bovine serum albumin, 66,000 Da;
glyceraldehyde-3-phosphate dehydrogenase, 36,000 Da; car-
bonic anhydrase, 29,000 Da; trypsin inhibitor, 21,000 Da;
a-lactalbumin, 14,200 Da; Sigma-Aldrich, USA) were used,
and the gel was stained with 0.02% (w/v) Coomassie Bril-
liant Blue in 10% acetic acid.

The isoelectric point (pI) of PeLL was assessed using
isoelectric focusing (IEF). For this, the lectin (150 pg) was
solubilized in a rehydration solution (2% (w/v) CHAPS, 1%
(v/v) IPG buffer pH 3-10, 0.002% (w/v) bromophenol blue)
for 20 min at 28 °C. The sample was taken up into the strip
(linear pH gradient 3—10; 7 cm) passively during rehydration
for 16 h at 25 °C. The strip was submitted to IEF using the
IPGPhor III system (GE Healthcare Life Sciences, Sweden)
according to the manufacturer’s instructions. Next, the strip

was transferred to the top of a polyacrylamide gel for the
electrophoresis of acidic proteins and run to allow the pro-
tein to migrate from the strip to the gel. The gel was stained
with 0.02% (w/v) Coomassie Brilliant Blue in 10% (v/v)
acetic acid, and the pI was calculated using the software
ImageMaster 2DPlatinum (GE Healthcare Life Sciences).

Effects of Carbohydrates, Temperature, pH, and lons on HA

PeLL was characterized for carbohydrate-binding specificity
using an HA inhibition assay. The lectin was incubated for
15 min at 28 °C with monosaccharides (200 mM), disaccha-
rides (200 mM), or glycoprotein (0.5 mg/mL) solutions in
150 mM NaCl (Table 1) before the addition of erythrocytes.
Next, the HA was determined as described above.

To evaluate its thermal stability, PeLL was incubated at
different temperatures (30100 °C) for 30 min before per-
forming the HA assay. Additionally, PeLL samples were
incubated at 100 °C for 6 h and then evaluated for HA. To
investigate the effects of pH, the PeLL sample was incubated
for 24 h at different pH values (3.0-12.0) before perform-
ing the hemagglutination assay. The following solutions
were used: 10 mM glycine-HCI pH 3.0 and 4.0; 10 mM
citrate phosphate buffer, pH 5.0 and 6.0; 10 mM sodium
phosphate pH 7.0; 10 mM Tris—HCI, pH 8.0, 9.0, and 10.0;
and NaOH pH 11.0 and 12.0. Finally, the HA of PeRoL was
determined in the presence of divalent ions (Ca®*, Mg>*, and
Mn?*). To assess this, the HA assay was performed using
MgCl,, MnCl,, or CaCl, (20 and 40 mM) solutions instead
of 150 mM NaCl.

Fluorometric Analysis

Changes in the conformation of PeLL caused by incuba-
tion at different pH values and after heating were evalu-
ated through spectroscopic analysis measuring alterations in
intrinsic fluorescence and the fluorescence of the extrinsic
probe bis-ANS [(bis(8)-anilinonaphthalene-1-sulfonate)].
The fluorescence spectra of PeLL and bis-ANS were
recorded using an FP-6300 spectrofluorometer (Jasco Corp.,

Table 1 Hemagglutinating activity (HA) of Portulaca elatior leaf lec-
tin (PeLL) in the presence of carbohydrates (200 mM) or glycopro-
tein (1.0 mg/mL)

Carbohydrate/glycoprotein Specific HA
Bovine serum albumin 540
Mannose 1081
Galactose 1081
Glucose 2162
N-Acetyl-glucosamime 2162

The HA of PeLL in the absence of carbohydrates and glycoproteins
was 2162. HA was determined in rabbit erythrocytes
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Japan). Intrinsic and extrinsic fluorescence was evaluated
using excitation wavelengths of 280 and 360 nm, respec-
tively. The emission spectra were recorded in the range of
300400 nm and 400-600 nm, respectively.

Antimicrobial Activity

Determination of Minimal Inhibitory (MIC) and Bactericidal
(MBC) Concentrations

The strains of Pectobacterium carotovorum brasiliensis
(isolated from cabbage, UNEB 23), Pectobacterium caro-
tovorum carotovorum (PID 11, UNEB 2), Pectobacterium
sp. (isolated from arugula, UNEB 25), and Pectobacterium
sp. (isolated from lettuce, UNEB 28) were obtained from
the Culture Collection of the Universidade do Estado da
Bahia (UNEB). The bacteria were inoculated in a nutrient-
yeast extract-dextrose (NYD) medium and incubated at
37 °C for 16 h under agitation. The density of the cultures
was adjusted turbidimetrically (optical density at 600 nm,
ODygy) to 3x 10° colony-forming units (CFU) per mL. The
MIC was determined in 96-well microtiter plates. The NYD
medium (80 pL) was added to all wells, and 100 pL of PeLL
(0.1 mg/mL) was added to the third well and subjected to
twofold serial dilution. Then, 20 pL of the microbial suspen-
sion was added to all wells except the first, which served as a
sterility control. The plates were incubated for 24 h at 37 °C.
The ODy,, was measured using a microplate spectrophotom-
eter. The MIC was determined as the lowest concentration
of PeLL necessary to reduce the bacterial burden (reduce
the ODg,) by at least 50% compared to 100% by the growth
control [34]. To investigate the bactericidal effect of PeLL,
an aliquot of the content from the wells containing the lec-
tin at concentration > MIC was transferred to a Petri dish
containing NYD agar medium, and the dish was incubated
at 37 °C for 24 h. The concentration capable of reducing the
number of CFU by 99.9%, compared to the initial inoculum,
was recorded as the MBC.

Determination of Minimal Inhibitory (MIC) and Fungicidal
(MFC) Concentrations

The fungal species Candida albicans (URM 5901), C. kru-
sei (URM 6351), C. tropicalis (URM 6551), and C. parap-
silosis (URM 6345) were provided by the Culture Collec-
tion University Recife Mycologia from the Departamento
de Micologia of Universidade Federal de Pernambuco
(UFPE). The MIC and MFC were determined in a simi-
lar way to that described in the previous section but using
Sabouraud-Dextrose Broth and Sabouraud-Dextrose-Agar
(Sigma-Aldrich) as liquid and solid media, respectively. In
addition, the incubation temperature and period were 30 °C
and 48 h, respectively, in the assay with fungi.
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Evaluation of the Toxicity of PeLL
Hemolytic Activity

Human blood samples (2—5 mL) were obtained from healthy
volunteers after obtaining written informed consent, as
approved by the Human Research Ethics Committee of
UFPE (process 2.478.480). The blood samples were centri-
fuged (1500 rpm, 5 min) to obtain erythrocytes, which were
washed three times with 150 mM NaCl [35]. In test tubes,
1.1 mL of erythrocyte suspension (2%, v/v) and 0.4 mL of
PeLL were added at different concentrations (2.34-300 pg/
mL). Saline solution was used as a negative control, and
Quillaja saponin (0.0025%, w/v) was used as a positive
control. After incubation for 60 min, the cells were centri-
fuged, and the absorbance of the supernatant was recorded
at 540 nm. The following formula was applied: hemolytic
activity (%) = (A;— A, ) X 100/(A,. — Ay), where A, =nega-
tive control absorbance; A;=sample absorbance; A, = posi-
tive control (saponin) absorbance.

InVivo Acute Toxicity

Acute toxicity of PeLL to mice was evaluated according
to the protocol of the OECD [36]. The assay was approved
by the Ethics Committee for Animal Use of UFPE (pro-
cess no. 0081/2020). Fifty-day-old Swiss female mice
(Mus musculus) weighing 30-40 g were obtained from
the vivarium of the Laboratério de Imunopatologia Keizo
Asami (LIKA) of UFPE. The animals were acclimated for
1 week in the experimental laboratory located at the Depar-
tamento de Bioquimica from UFPE before being used in the
assays. Mice were housed at a temperature of 22 °C, with a
12:12-light:dark cycle and ad libitum access to food (Purina,
Nestlé Brasil Ltda., Brazil) and water.

Female mice were separated into three groups (n=3/
group) that received a single dose by oral gavage. The first
group of mice received only saline (control) and the other
groups received PeLL at 5 or 10 mg/kg body weight (b.w.).
Behavioral changes were assessed during the first 60 min
after treatment administration and once daily for 14 days.
The following parameters were evaluated: piloerection, stool
appearance, sensitivity to sound and touch, mobility, and
aggressive behavior. In addition, body weight and water
and food intake were assessed daily. On post-treatment day
15, the mice were euthanized and blood was collected from
the inferior vena cava [37] in two tubes: one containing the
anticoagulant ethylenediaminetetraacetic acid (EDTA) and
one tube without anticoagulant. An automated analyzer
(Animal Blood Counter: ABC Vet, Montpellier, France)
and a light microscope were used to evaluate the follow-
ing hematological parameters: the number of erythrocytes,
hemoglobin, hematocrit, mean corpuscular volume (MCV),
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mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and total and differ-
entiated leukocyte analyses. Biochemical analysis of blood
samples was performed to evaluate albumin, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (AP), gamma-glutamyl transferase
(GGT), total cholesterol, triglycerides, urea, and creatinine
levels using specific kits (Labtest Diagnostic, Lagoa Santa,
Brazil) and a COBAS Mira Plus analyzer (Roche Diagnos-
tics Systems, Basel, Switzerland).

Statistical Analysis

The results are expressed as the mean of repetitions + stand-
ard deviation (SD). Analysis of variance (ANOVA) was per-
formed, followed by Bonferroni’s test for multiple compari-
sons. The level of significance was set at p <0.05.

Results

The extract from P. elatior leaves showed a protein con-
centration of 4.55 mg/mL and a specific HA of 0.439. The
extract was then fractionated with ammonium sulfate at dif-
ferent saturations to separate the proteins based on their solu-
bility and to possibly promote partial purification. However,
neither the precipitated nor the supernatant fractions showed
HA. Thus, the leaf extract was subjected to chitin column
chromatography. The chromatographic profile (Fig. 1A) pre-
sented two peaks, the first corresponding to non-adsorbed
proteins, which did not present HA, and the second peak
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Fig.1 Purification of Portulaca elatior leaf lectin (PeLL). A Chro-
matography of the leaf extract on a chitin column. The extract was
washed with 150 mM NaCl, and PeLL was eluted with 1.0 M acetic
acid. Fractions containing 2.0 mL PeLL were collected every 6 min
and monitored for absorbance at 280 nm (inverted triangle or black
square symbols) and hemagglutinating activity (HA: gray circles).

of adsorbed proteins eluted with acetic acid that showed a
specific HA of 744.2 after dialysis. This finding indicates
the high effectiveness of the isolation method, with a puri-
fication factor of 1695. PeLL showed a single polypeptide
band in PAGE for native acidic proteins (Fig. 1B), whereas
no bands were detected in electrophoresis for native basic
proteins. These results demonstrated the homogeneity of
the preparation and confirmed the isolation of PeLL. When
evaluated by SDS-PAGE, PeLL showed a single polypeptide
band of 20 kDa (Fig. 1C). The isoelectric point determined
for PeLL was 5.4 (Fig. 1D), in agreement with the acidic
nature determined by native PAGE.

Table 1 shows that the HA of PeLL was inhibited by
mannose, galactose, and bovine serum albumin. How-
ever, glucose and N-acetylglucosamine did not inhibit the
HA. When evaluating the effect of divalent cations, PeLL
reduced HA in the presence of Mg?*, Ca®*, and Mn**
(Fig. 2A). PeLL was shown to be a thermoresistant pro-
tein since its HA was maintained after incubation at all
temperatures evaluated (Fig. 2B). In addition, when incu-
bated at 100 °C for 6 h, PeLL HA remained stable during
the first 3 h, was slightly stimulated after 4 h, and declined
only after 5 h of heating. However, the HA remained active
throughout the experimental period (Fig. 2C). The HA of
PeLL was higher when this lectin was incubated in the
acidic pH range, with the highest value at pH 4.0; in con-
trast, the HA was strongly reduced at pH 12.0 and was
not detected at pH 7.0, 9.0, 10.0, and 11.0, respectively
(Fig. 2D).

Native PeLL exhibited a maximum fluorescence emis-
sion at 345 nm, indicating the presence of tryptophan in

Cc
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B Polyacrylamide gel electrophoresis (PAGE) of PeLL under native
conditions for acidic proteins. C PAGE under denaturing conditions
of PeLL. The lectin showed a single polypeptide band of ca. 20 kDa.
D Isoelectric focusing of PeLL. A single band with an isoelectric
point of 5.4 was observed
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Fig.2 Characterization of the hemagglutinating activity (HA) of
Portulaca elatior leaf lectin (PeLL) under different conditions of
temperature, pH, and concentration of cations. A PeLL was incu-
bated with MgCl,, MnCl,, and CaCl,, and its HA was evaluated. In
the control test, the HA of PeLL was evaluated in 150 mM NaCl. B

a relatively hydrophobic region. The intrinsic tryptophan
fluorescence of PeLL subjected to heating at 100 °C for
30 min did not show significant changes compared with the
native state (Fig. 3A). However, after heating at 100 °C for
4 h, the maximum fluorescence emission of lectin shifted
to 339 nm, suggesting that tryptophan residues moved to
a more hydrophobic environment. After 5 and 6 h of heat-
ing, the fluorescence emission maximum returned to longer
wavelengths (342 nm) but with lower intensity. This result
can be explained by other conformational changes resulting
in a decrease in the distance between the quencher groups.
When bis-ANS fluorescence was monitored after its
incubation with PeLL, no significant alterations in the
spectra obtained with native PeLL or lectin heated at
100 °C for 30 min were observed (Fig. 3B). However,
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PeLLL was incubated for 30 min at temperatures ranging from 30 to
100 °C before HA evaluation. C PeLL samples were incubated for 6 h
at 100 °C. D PeLL was incubated at different pH values (3.0-12.0)
before the determination of HA; SHA, specific HA. In the control
tests, the HA of PeLL was evaluated in 150 mM NaCl

an increase in the bis-ANS fluorescence intensity was
observed when it was incubated with PeLL and heated
for4,5,and 6 h.

The tryptophan fluorescence of native PeLL in the acidic
pH range exhibited a maximum emission at 343 + 1 nm.
Above pH 11, the maximum emission was at 349 +1 nm
(Fig. 3C). These results imply the modification of the tryp-
tophan environment with increased exposure to the solvent.
The fluorescence intensity of bis-ANS gradually decreased
with increasing pH values (Fig. 3D), also indicating the
exposure of this probe (and consequently protein hydropho-
bic regions) to water.

PeLL showed strong activity against all the strains of phy-
topathogenic bacteria (Table 2) with MIC and MBC values
of 0.185 and 0.74 pg/mL, respectively. PeLL also showed
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Fig.3 Effects of heating and incubation at different pH values on
the intrinsic fluorescence of Portulaca elatior leaf lectin (PeLL) or
fluorescence of bis-ANS extrinsic probe incubated with the lectin.
A Intrinsic fluorescence of tryptophan in PeLL heated at 100 °C for
30 min, 4 h, 5 h, or 6 h. B Changes in the fluorescence spectra of

antifungal activity (Table 2) with a MIC of 1.48 pg/mL for
C. albicans, C. tropicalis, and C. krusei, while MFC was not
found for these species. For C. parapsilosis, the MIC was
0.74 pg/mL, and the MFC was 2.96 pg/mL.

Evaluation of the hemolytic activity of PeLL demon-
strated a maximum erythrocyte hemolysis rate of 14.3% at
the highest tested concentration (300 pg/mL). Moreover, this
hemolytic activity was 85.7% lower than that of the positive
control (saponin). In the acute toxicity assay, no significant
changes were observed in the weight variation of the animals
treated orally with PeLL at 5 or 10 mg/kg. Moreover, the
analysis of water and food consumption in mice during the
14 days of observation did not show statistically significant
changes between the control and the test groups (Table 3).
The hematological parameters of the animals treated with
PeLL at doses of 5 and 10 mg/kg were not significantly dif-
ferent from those of the control animals (Table 4). Moreover,
the biochemical parameters were not significantly different
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bis-ANS when incubated with PeLL heated at 100 °C for 30 min, 4 h,
5 h, or 6 h. C Intrinsic fluorescence spectra of tryptophan in PeLL
incubated at pH 5.0, 6.0, 11.0, or 12.0. D Changes in the fluorescence
spectra of bis-ANS when in presence of PeLL incubated at pH 5.0,
6.0, 11.0, or 12.0

between the groups, except for a decrease in the levels of
albumin in mice treated with PeLL at 10 mg/kg (Table 5).

Discussion

Several lectins have already been isolated using station-
ary phase columns composed of chitin (a polymer of
N-acetylglucosamine), for example, MuBL, MuHL, and
MuLL, isolated from the bark, heartwood, and leaves of
Myracrodruon urundeuva, respectively [38, 39]; WSMoL,
isolated from Moringa oleifera seeds [40]; PFL, purified
from phloem exudates of Praecitrullus fistulosus [41];
SteLL, obtained from leaves of Schinus terebinthifo-
lia [42]; PgTeL, isolated from the sarcotesta of Punica
granatum [43]; and PeRoL, isolated from the roots of P.
elatior [27]. Interestingly, many of these chitin-binding
lectins have been reported as antimicrobial agents that
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Fig.4 Schematic representation A
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can inhibit the growth and reduce the viability of bacte-
rial and/or fungal cells [38, 42, 45-48]. PeLL is the sec-
ond molecule to be isolated from P. elatior, which has a
restricted distribution in the Brazilian Caatinga.

Lectins can recognize and bind to mono-, oligo-, or poly-
saccharides depending on the structure of their carbohydrate-
binding sites. The carbohydrate-binding ability of a lectin can
be identified through a hemagglutination assay performed using
red blood cells; if lectins are present in the sample, they can
bind to carbohydrates present on the surface of erythrocytes,
promoting cell agglutination and hindering the precipitation of
erythrocytes (Fig. 4A). To investigate the carbohydrate-binding
activity and specificity of a lectin, it is necessary to perform a

Table 2 Antimicrobial activity of Portulaca elatior leaf lectin (PeLL)

Microrganism MIC MBC/MEC

Pectobacterium carotovorum brasiliensis 0.185 0.740
(UNEB 23)

Pectobacterium carotovorum carotovorum 0.185 0.740
(UNEB 2)

Pectobacterium sp. (UNEB 25) 0.185 0.740

Pectobacterium sp. (UNEB 28) 0.185 0.740

Candida albicans (URM 5901) 1480 ND

Candida krusei (URM 6351) 1480 ND

Candida tropicalis (URM 6551) 1480 ND

Candida parapsilosis (URM 6345) 0.740 2.960

hemagglutination inhibition assay by adding free carbohydrates
or glycoconjugates to the medium. If there is a high affinity
between the lectin and the free carbohydrates, the carbohydrate-
binding sites will not be available to interact with the glycans
present on the surface of erythrocytes, and hemagglutination
will not be observed (Fig. 4B). Jacalin (isolated from Artocar-
pus integrifolia) and frutapin (lectin isolated from Artocarpus
incisa) are plant lectins with an affinity for mannose and galac-
tose, similar to PeLL [49, 50]. Several biological activities are
attributed to these lectins, such as antiviral, antimicrobial, mito-
genic, and antitumor effects [51, 52]. Mannose-binding lectins
play arole in the endogenous plant defense by recognizing the
high-mannose-type glycans of microorganisms or predators
[53].

Cavada et al. [54] reported that some lectins depend on
the presence of bivalent ions, such as Ca?* and Mn?*, to
exert their carbohydrate-binding ability. These ions can act
by modifying the lectin conformation, through stabiliza-
tion of the amino acid residues in a correct position at the

Table 3 Water and food consumption of mice from control and
treated per os with Portulaca elatior leaf lectin (PeLL)

Parameter Control PeLL

10 mg/kg 5 mg/kg
Water consumption (mL) 13.38+14 1434+4.75 1529+1.09
Food consumption (g) 8.23+125 9.09+5.67 8.72+3.06

Minimal inhibitory concentration (MIC) and minimal bactericidal/
fungicidal concentration (MBC/MFC) were expressed in microgram
per milliliter of protein; ND, not detected
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Values are expressed as the mean +standard deviation (SD). There
were no significant differences (p>0.05) between the control and
PeLL-treated groups
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Table 4 Hematological parameters of mice from control and treated
groups per os with Portulacaelatior leaf lectin (PeLL)

Parameters Control PeLL
10 mg/kg 5 mgkg

Erythrocytes (10°/mm*)  6.80+0.76  4.79+0.01  5.78+0.37
Hematocrit (%) 45.95+0.36 45.93+2.19 45.67+2.68
Hemoglobin (%) 1544+1.77 15.88+0.12 15.86+0.16
MCV (%) 44.03+£2.0 43.92+0.18 4278+3.0
MCH (%) 17.64+0.28 17.83+0.09 17.66+0.35
MCHC (%) 3573+1.24 3533+0.61 36.02+1.32
Leukocytes (10°/mm?®) 707+0.19 647+0.10 7.08+0.19

Values are expressed as the mean+standard deviation (SD). MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; there were
no significant differences (p>0.05) between the control and PeLL-
treated groups

carbohydrate-binding domains, to interact better with the
carbohydrate ligands. For example, the HA of the lectin from
Alpinia purpurata inflorescences was stimulated in the pres-
ence of Ca®* ions [55]. Conversely, the presence of these
ions may also induce conformational changes that negatively
affect the carbohydrate-binding ability [56, 57], which was
observed in the case of PeLL.

Each protein has optimal ranges of pH and temperature
at which they perform their biological functions, as well as
ranges at which they are not functional. Thus, studying the
influence of these physicochemical factors is important to
determine the ideal conditions for maintaining the integrity
of the native structure of lectins [27]. PeLL was more ther-
mostable than other lectins such as GaBL (isolated from
the bark of Genipa americana), which showed a decrease

Table 5 Biochemical parameters of mice from control and treated per
os with Portulaca elatior leaf lectin (PeLL)

Parameters Control PeLL
10 mg/kg 5 mgkg

Albumin (g/dL) 68.34+2.18 65.78+1.66% 674+2.13
ALT (U/L) 95.75+£121 9438+1.19 94.88+1.99
AST (U/L) 25.28+0.63 26.88+0.15 24.78+1.52
AP (IU/L) 43.86+0.65 45.02+0.23 45.63+141
GGT (U/L) 8.16+0.80 7.44+0.14 6.44+0.12
Total protein (g/dL) 4.96 +0.04 4.23+0.15 4.18+£0.08
BUN (mg/dL) 4.0+0.13 32+0.06 3.16+0.14
Creatinine (mg/dL) 0.53+0.02 0.56+£0.01 0.54+0.08
Bilirubin 10.04+0.9 11.0+0.025 10.36+0.03

Values are expressed as the mean +standard deviation (SD). (*) Sig-
nificant difference (p<0.01) compared to the control. AP, alkaline
phosphatase; ALT. alanine aminotransferase; AST, aspartate ami-
notransferase; BUN, blood urea nitrogen; GGT, gamma-glutamyl
transferase

in agglutinating ability when heated at 70 °C, and ATL,
extracted from Apios americana, which lost its HA when
heated to temperatures above 60 °C [58, 59]. Other thermo-
stable lectins have been reported, such as cMoL, purified
from M. oleifera seeds, which maintained the HA after being
heated to 100 °C for 30 min [60]. The same was observed for
CasuL, isolated from Calliandra surinamensis leaves [25],
and PeRoL, isolated from P. elatior roots [27]. The increase
in temperature triggers vibrations that directly influence the
non-covalent bonds of the protein, which may disturb or
approximate the atoms, altering the native structure. The
thermostability of a protein depends on the interactions such
as hydrogen bonds that maintain the ideal conformation
required for its biological activity (such as the carbohydrate-
binding ability) as well as on the types of super-secondary
and tertiary organizations within the protein [61].

Similar to PeLL, the lectin PeRoL demonstrated higher
HA at acidic pH [27]. The change in the concentration of H*
ions can lead to the protonation or deprotonation of ionizable
groups from charged polar amino acid side chains, which
can also alter the conformation and biological activities of
proteins [59]. Lectins exhibit varying behavior, which cor-
relate with their singular structures and amino acid composi-
tions. For example, ATL showed a stable HA at the pH range
5.0-13.0, lectins extracted from Arisaema tortuosum showed
optimum HA at pH 2.0, while lectin extracted from Pisum
sativum presented a stable HA at the pH range 6.0-8.0 [58,
62, 63].

In proteins, the amino acid tryptophan is an intrinsic fluo-
rophore that can be used as a probe for elucidating structural
alterations since the fluorescence emission of tryptophan
is affected by the local environment. Thus, changes in the
emission spectra of tryptophan often occur in response to
conformational transitions, subunit association, ligand bind-
ing, or denaturation [64, 65]. Moreover, bis-ANS is a fluo-
rescent probe that binds to hydrophobic sites of proteins and
is used to detect conformational changes in proteins [66].
The results of the fluorometric analysis suggest that heating
of PeLL leads to structural rearrangement of lectin with the
formation of more hydrophobic clusters. Thus, the longer
heating time may have caused flexibilization of the lectin
structure with an increase in the number of hydrophobic
pockets, followed by displacement of tryptophan residues
to the hydrophobic environment, but without alterations
enough to disassemble the carbohydrate-binding domains.
Concerning assays at different pH values, the data from
the evaluation of both intrinsic and extrinsic fluorescence
indicate that PeLL probably becomes partially unfolded
with hydrophobic sites exposed to the solvent at basic pH,
which explains the absence or significant reduction of HA.
PeLL showed minimal, but still detectable, HA at pH 12.0,
despite being unable to agglutinate erythrocytes when incu-
bated at pH 7.0 to 11.0. In fact, the intrinsic and extrinsic
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fluorescence curves obtained for PeLL at pH 11.0 and 12.0
show differences in the fluorescence intensity, which indi-
cates that the conformations are not the same at these pH
values. This may explain the fact that PeLL was able to
agglutinate erythrocytes at pH 12.0, albeit weakly, compared
to lower pH values in the alkaline range.

The antibacterial effect of PeLL on Pectobacterium
strains can be triggered by the interaction of lectin with
carbohydrates on the pathogen surface. This hypothesis is
supported by a recent study that reported the presence of
p-galactose and p-mannose (carbohydrates for which PeLL
showed strong affinity) in the phenotypic profile of Pecto-
bacterium subspecies, including P. carotovorum carotovo-
rum and Pectobacterium carotovorum brasiliensis [67].

Noteworthily, compared to other antimicrobial lectins,
low concentrations of PeLL inhibited the growth and killed
all Pectobacterium strains tested. For example, the antimi-
crobial activity of Phthirusa pyrifolia leaf lectin (PpyLL)
demonstrated a MIC of 500 and 200 pg/mL against Ente-
rococcus faecalis and Staphylococcus epidermidis, respec-
tively [68]. The Myracrodruon urundeuva heartwood lectin
showed a MIC of 4.68 and 9.37 pg/mL for Pseudomonas
aeruginosa and Klebsiella pneumoniae, respectively, with
MBC of 9.37 pg/mL [38]. PeRoL showed antimicrobial
activity with a MIC of 8.12 pg/mL for Enterococcus faeca-
lis, 4.06 pg/mL to Pseudomonas aeruginosa, and 32.5 pg/
mL to Staphylococcus aureus [27]. The antimicrobial activi-
ties of PeLL and other lectins against Pectobacterium spe-
cies could not be compared since no data are available in the
literature regarding the effects of lectins or other isolated
molecules from plants on these bacteria.

PeLL demonstrated greater anti-Candida efficacy than
PeRoL, which had a MIC approximately 11 times higher
(16 pg/mL) against all Candida species. Lectins such as
ApuL, extracted from the inflorescence of Alpinia purpurata
[69], and PgTeL, extracted from the sarcostesta of Punica
granatum [43], also demonstrated anti-Candida activity with
MIC values higher than PeLL.

Paiva et al. [70] reported that the antibacterial activity
of lectins against Gram-positive and Gram-negative bacte-
ria is achieved through the interaction of these molecules
with components of the cell walls and membranes, including
teichoic and teichuronic acids, peptidoglycans, lipopolysac-
charides, and muramic acid. According to Coelho et al. [20],
the binding of lectin to bacterial wall compounds can inhibit
their development by interfering with cell homeostasis, dis-
integrating the cell wall, and causing the death of the patho-
gen by events such as cell leakage.

One of the main constituents of fungal cell walls is chi-
tin, a polymer of N-acetylglucosamine. Thus, many lectins
act by binding to this polymer and inhibiting fungal cell
growth. In addition, the inhibition is attributed to mecha-
nisms such as the formation of reactive oxygen species in

@ Springer

the intracellular region, lipid peroxidation, increased mem-
brane permeability, and energetic collapse [43, 71]. Lectins
with anti-Candida activity can also trigger morphological
changes, reduction of cytoplasmic content, induction of
hyperpolarization or depolarization of the mitochondrial
membrane, and induction of apoptosis and necrosis [25,
43].

Antimicrobials used in the control of human pathogens
and phytopathogens can have toxic effects on humans and
non-target organisms, such as genotoxicity [72], neurotoxic-
ity [73], hepatotoxicity [74], and reproductive toxicity [75],
among other harmful effects. Therefore, it is necessary to
evaluate the in vitro and in vivo toxicity of new molecules
with antimicrobial potential. The results of the hemolytic
and acute toxicity assays revealed low toxicity of the lectin.
Only a decrease in serum albumin levels was observed in
the PeLL-treated group, which could be linked to malab-
sorption, inadequate nutrient intake, or intestinal changes.
However, the weight of the animals and consumption of
nutrients did not change significantly. In addition, creatinine
levels did not change in the animals treated with PeLL when
compared to animals in the control group. This metabolite
residue (creatinine) is associated with protein intake and is
directly associated with muscle mass [76]. Therefore, there
were no indications of muscle loss or protein malabsorption.

The absence of severe toxicity and lethality caused by
PeLL has drawn attention because studies have reported
the toxicity of P. elatior in natura in goats [77] and cattle,
where two out of five cows died within approximately 18 h
after consuming P. elatior [78]. The animals poisoned by
P. elatior had symptoms such as dehydration and intesti-
nal irritation [78]. However, in the present study, the mice
remained nourished during the tests using PeLL. Thus, we
hypothesized that PeLL was separated from toxic com-
pounds present in the plant through the purification process
and was not associated with the toxicity of this plant spe-
cies. Alternatively, if this lectin participates in the toxicity
process triggered by P. elatior, its use is safe at doses up to
10 mg/kg.

Conclusion

A new mannose/galactose-binding and thermostable lectin
(PeLL) was purified from the leaves of P. elatior, which
showed antimicrobial activity against phytopathogenic bacte-
ria of the Pectobacterium genus and human pathogenic fungi
of the Candida genus. In addition, PeLL showed no in vitro
hemolytic activity or in vivo acute toxicity to mice at the
doses evaluated, without relevant alterations in behavioral,
hematological, biochemical, and histopathological param-
eters. This stimulates the future development of products
and strategies for the use of lectins as antimicrobial agents.
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4. CONCLUSOES

Uma nova lectina (PeLL) termoestavel com afinidade a manose/galoctose foi
purificada das folhas de P. elatior mostrando-se promissora devido sua atividade
antimicrobiana frente a bactérias patogénicas do género Pectobacterium e fungos do
género Candida. Ainda, PelLL ndo apresentou atividade hemolitica in vitro ou
toxicidade &gua oral significativa nos parédmetros avaliados sem alteracfes
hematoldgicas, bioquimicas ou histologicas relevantes. Além disso, os extratos salinos
de caules e folhas de P. elatior demonstraram atividade antioxidante, em detrimento
apenas o extrato de folhas demonstrou atividade fotoprotetora. As atividades
biologicas mais expressivas do extrato de folhas podem estar correlacionada com a
maior concentracdo de compostos fendlicos, flavonoides e proteinas no mesmo. Por
fim o extrato de folhas ndo apresentou toxicidade aguda oral ou dérmica relevante
frente aos camundos tratados com 1000 mg/kg demonstrando apenas uma ligeira

toxicidade em animais tratados com 2000 mg/kg.
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ANEXO | — COMITE DE ETICA DE USO DE ANIMAIS



UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO DE BIOCIENCIAS
COMISSAO DE ETICA DE USO ANIMAL

CEUA L\N

REPUBLICA FEDERATIVADO CB-UFPE
BRASIL

PARECER

Este parecer trata do Proc.: n° 0081/2020 submetido pela professor Dr. Thiago Henrique
Napoledo ao Comité de Etica de Uso Animal para avaliagao de camundongos de linhagem
Swiss, no projeto intitulado “AVALIACAO DE ATIVIDADES BIOLOGICAS DE
EXTRATOS PROTEICOS DE Portulaca elatior E Croton blanchetianus”. Além
projeto foi anexado o Protocolo de Uso de Animais Experimentais. Segundo o formulario
anexado o projeto visa avaliar extratos de P. elatior e C. blanchetianus contendo lectinas
quanto as atividades antioxidante e fotoprotetora in vitor e quanto a toxicidade e
atividades anti-inflamatoria e cicatrizante in vivo. Isto justifica-se porque a busca de
novas moléculas que possuam atividades antioxidante, fotoprotetora e cicatrizante para
que sejam utilizadas como ferramentas na produgdo de cosméticos, antioxidantes
alimenticios e farmacos pode ampliar o leque de produtos disponiveis no mercado para
essas finalidades, que podem ser ainda mais eficazes. O projeto estd bem delineado
experimentalmente, e encontra-se de acordo com os preceitos da Lein® 11.794, de 08 de
outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009, e com as normas editadas
pelo Conselho Nacional de Controle de Experimentagdo Animal (CONCEA), e pela
Comissao de Etica no Uso de Animais (CEUA) do Centro de Biociéncias da Universidade
de Pernambuco. O projeto estd bem delineado experimentalmente e para sua aprovagao
solicito correcao no formulario:

1- Data de inicio do projeto (item 1).

2- Quantitativo total de animais nao esta coerente com o niimero calculado. (item

9.2).

Finalidade () Ensino ( x ) Pesquisa Cientifica

Vigéncia da autorizacdo 01/02/2021 a 01/07/2023

Espécie/linhagem/raca Camundongo de linhagem Swiss

Numero de animais 172

Peso/idade 60 dias/ 3040 gramas

Sexo 132 Machos e 40 fémeas

Biotério Origem Laboratorio de Imunopatologia Keizo
Asami (LIKA) UFPE

Biotério manutencéo Laboratorio de Experimentagdo Animal
do Departamento de Bioquimica da UFPE

Recife, 10 de fevereiro de 2021

Depto. De Histologia e Embriologia - CB, UFPE

Reconhecer e Empreender para o Futuro
Centro de Ciéncias Biologicas-UFPE
Av. Moraes Rego, S/N. Cidade Universitaria, Recife (PE), 50670-420.
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PROGRAMA DE POS-GRADUACAO EM CIENCIAS BIOLOGICAS - CB Indices Académicos

DOUTORADO CR:4.0
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CBID09 Status:ATIVO

BIOLOGIA QUIMICA PARA A SAUDE
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Prorrogagoes: 0 meses
Tipo Saida:
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Para verificar a autenticidade deste documento entre em https://sigaa.ufpe.br/sigaa/documentos informando a Pagina 1 de 2

matricula, data de emissao e o cédigo de verificagao: ec35e2de54
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Nome: SUELLEN PEDROSA DA SILVA Matricula: 20193022260
Carga Horaria Integralizada/Pendente
Obrigatérias Optativos Total
Exigido 180 h 270 h 450 h
Integralizado 180 h 285h 465 h
Pendente* 0h Oh Oh
*Contabilizado com base no valor estabelecido no minimo exigido da estrutura curricular.
Obs.: A coluna (C) indica os créditos dos componentes curriculares.
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Codigo Componente Curricular CH
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Orientador: Thiago Henrique Napoleao

Co-orientador: Pollyanna Michelly da Silva
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obtencédo: 2019
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Curso de curta duragdo em CAPACITACAO NO USO E MANEJO DE ANIMAIS DE
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(Carga horaéria: 60h).
Fundag&o Oswaldo Cruz, FIOCRUZ, Brasil

Curso de curta duragdo em Doenca Falciforme - Conhecer para cuidar. (Carga
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TELELAB de educacéo permanente, TELELAB, Brasil

Manejo da Coinfec¢éo Tuberculose-HIV. . (Carga horéria: 60h).
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