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RESUMO GERAL

Diversas plantas medicinais tém sido estudadas nas ultimas décadas, com o intuito de serem
utilizadas, pela industria farmacéutica, para o desenvolvimento de novos medicamentos.
Considerando o cenério atual de pesquisas, as espécies Achyrocline satureioides, Echinodorus
macrophyllus e Lippia sidoides possuem grande potencial farmacoldgico, por serem ricas fontes
de compostos bioativos, podendo estes serem uma alternativa viavel para o desenvolvimento de
medicamentos eficazes e seguros para auxiliar no tratamento da obesidade, doencas inflamatorias
e cardiovasculares. Dessa forma, neste trabalho, objetivou-se realizar a triagem fitoquimica,
caracterizar os compostos fenolicos por cromatografia liquida de alta eficiéncia (HPLC) e
investigar a acdo dos extratos, aquoso e etanolico das folhas de A. satureioides, E. macrophyllus e
L. sidoides sobre moléculas e células humanas, considerando parametros farmacoldgicos e
toxicoldgicos. Para tanto, os extratos foram avaliados como possiveis moduladores de
fosfolipases A, (no contexto da inflamacédo); no contexto da hemostasia, induzindo ou inibindo
processos de hemolise, coagulacdo, trombdlise e fibrinogendlise; como potenciais inibidores ou
indutores de genotoxicidade e como possiveis inibidores das enzimas a-amilase, a-glicosidase,
lipase e tripsina. Os resultados demonstraram a presenga de substancias de interesse
farmacoldgico, como catequinas, flavonoides, cumarinas, saponinas e alcaloides, no extrato
etandlico de todas as espécies vegetais. O extrato etandlico de L. sidoides apresentou o maior teor
de compostos fendlicos (3,745.67 mg 100g™") detectados por HPLC. Os extratos avaliados, em
diferentes proporgdes (pegonha:extrato, m:m), potencializaram significativamente a atividade
fosfolipasica induzida pela peconha de Bothrops atrox, enquanto que o extrato aquoso de A.
satureioides e E. macrophyllus apresentaram acéo inibitoria sobre essa atividade induzida pelas
peconhas de B. jararacussu e B. moojeni. Todos os extratos de A. satureioides, E. macrophyllus e
L. sidoides inibiram em 100% a atividade hemolitica induzida pela peconha de B. moojeni,
potencializaram a atividade trombolitica induzida pela peconha de Lachesis muta muta e
prolongaram o tempo de coagulagéo, induzido pelas peconhas de B. moojeni e L. muta muta. O
extrato etandlico de A. satureioides, nas proporcdes de 1:2,5 e 1:5 (m:m) exerceu 100% de
inibicdo sobre a atividade fibrinogenolitica induzida pela peconha de B. moojeni, enquanto que
ambos os extratos de E. macrophyllus exerceram inibicdo sobre a quebra do fibrinogénio. Todos
0S extratos apresentaram acdo antigenotdxica contra a peconha de L. muta muta, no ensaio
cometa. Os extratos etanolicos das espécies vegetais avaliadas inibiram as enzimas digestivas o-
amilase ¢ a-glicosidase e os extratos aquosos inibiram a-glicosidases. As lipases foram inibidas
apenas pelo extrato aquoso de A. satureioides e L. sidoides. Os resultados confirmam o potencial
de uso dessas espécies vegetais para fins farmacoldgicos, podendo seus constituintes atuar como
moduladores enzimaticos e interferir em processos relacionados ao equilibrio hemostatico, como
a coagulacdo, a dissolucdo de trombos e a fibrinogenolise. A inibicdo de enzimas digestivas
sugere a acdo dos extratos na diminuicdo da disponibilidade calorica proveniente da ingestdo de
carboidratos e lipideos. Entretanto, estudos complementares devem ser conduzidos para detec¢éo
dos compostos ativos relacionados a cada atividade avaliada, dose, biodisponibilidade, eficacia e
segurancga, possibilitando assim a indicacdo de seu uso na forma de droga vegetal e/ou no
desenvolvimento de fitoterapicos.

Palavras-chave: Plantas medicinais. Compostos fendlicos. Peconhas como ferramentas de
estudo. Inibidores enzimaticos. Compostos antigenotdxicos.



GENERAL ABSTRACT

Several medicinal plants have been studied in the last decades aiming at their use by the
pharmaceutical industry to develop new medicines. Considering the current research scenario, the
species Achyrocline satureioides, Echinodorus macrophyllus, and Lippia sidoides have great
pharmacological potential because they are rich sources of bioactive compounds, and can be a
viable alternative for the development of effective and safe medicines to aid in the treatment of
obesity, and inflammatory and cardiovascular diseases. The objective of this work was to
characterize the phenolic compounds by high performance liquid chromatography (HPLC) and to
investigate the action of the aqueous and ethanolic extracts of the leaves of A. satureioides, E.
macrophyllus, and L. sidoides on molecules and human cells using pharmacological and
toxicological parameters. Therefore, the extracts were evaluated as possible phospholipase A,
modulators (inflammation-related). In the context of hemostasis, they were assessed on inducing or
inhibiting processes of hemolysis, coagulation, thrombolysis, and fibrinogenolysis. Also, both
extracts were evaluated as potential inhibitors or inducers of genotoxicity and as possible inhibitors
of the a-amylase, a-glycosidase, lipase, and trypsin enzymes. The results showed the presence of
substances of pharmacological interest, such as catechins, flavonoids, coumarins, saponins, and
alkaloids, in the ethanolic extract of all plant species. The ethanolic extract of L. sidoides presented
the highest content of phenolic compounds (3.745,67 mg 100g™) detected by HPLC. The extracts
evaluated, in different proportions (venom:extract, w:w), significantly potentiated the phospholipase
activity induced by Bothrops atrox venom, while the aqueous extract of A. satureioides and E.
macrophyllus had an inhibitory action on this activity induced by the venoms of B. jararacussu and
B. moojeni. All of the extracts of A. satureioides, E. macrophyllus, and L. sidoides completely
inhibited the hemolytic activity induced by B. moojeni venom. They also potentiated the
thrombolytic activity induced by the Lachesis muta muta venom and prolonged the coagulation time
induced by the venoms of B. moojeni and L. muta muta. The ethanolic extract of A. satureioides, in
the ratios of 1:2.5 and 1:5 (w:w), exerted 100% inhibition on the fibrinogenolytic activity induced
by B. moojeni venom, while both extracts of E. macrophyllus exerted inhibition on the breakdown
of fibrinogen. All of the extracts evaluated in the comet assay showed anti-genotoxic action against
the venom of L. muta muta. The ethanolic extracts of the evaluated plant species inhibited the a-
amylase and o-glycosidase digestive enzymes and the aqueous extracts inhibited a-glycosidases.
Lipases were inhibited only by the aqueous extract of A. satureioides and L. sidoides. The results
confirm the potential use of these plant species for pharmacological purposes, as their constituents
can act as enzymatic modulators and interfere in processes related to the hemostatic balance, such
as coagulation, thrombus dissolution, and fibrinogenolysis. The inhibition of digestive enzymes
suggests the action of the extracts in decreasing the caloric availability coming from the ingestion of
carbohydrates and lipids. However, complementary studies should be conducted to detect the active
compounds related to each evaluated activity and their dose, bioavailability, efficacy, and safety to
use. Thus, their use as a plant-derived drug or in the development of herbal medicines should be
made after further studies.

Keywords: Medicinal plants. Phenolic compounds. Venoms as tools. Enzyme inhibitors. Anti-
genotoxic compounds.
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APRESENTACAO

Este trabalho de tese esta dividido em duas partes:

Na primeira parte constam a Introducdo, Objetivos, Referencial tedrico e as
Consideracdes finais.

Na segunda parte constam os resultados desta tese que estdo apresentados sob a forma de
artigos. Cada artigo esta estruturado de acordo com as normas das revistas cientificas escolhidas

para a submissao dos mesmaos.
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PRIMEIRA PARTE

1 INTRODUCAO

O uso de plantas medicinais na cura e prevencdo de diversas doengas ¢ uma das mais
antigas praticas que apresenta relevancia historica nas transformacdes da terapéutica, tanto como
fonte de matérias-primas farmacéuticas, como fonte de substéncias ativas isoladas e utilizadas
como protdtipo de farmacos e, mais recentemente, na forma de medicamentos.

O Brasil destaca-se por sua riqueza em plantas medicinais, sendo 0 seu uso uma pratica
tradicional empregada muitas vezes como o Unico recurso na atencéo basica de salde, devido ao
facil acesso, baixo custo, ndo exigéncia de prescricdo médica e crenca de auséncia de efeitos
toxicos.

As plantas sdo responsaveis pela sintese de compostos bioativos que muitas vezes podem
ser utilizados na elaboracdo de uma extensa gama de farmacos. Pesquisadores da &rea de
produtos naturais destacam a importancia da natureza como fornecedora de uma ampla
diversidade de produtos, considerando as inumeras estruturas, propriedades fisico-quimicas e
biologicas (ATANASOV et al., 2015).

Um dos grupos de compostos bioativos, responsaveis pelos efeitos benéficos a salde, sdo
0s compostos fenolicos. Estes exercem suas propriedades farmacoldgicas, principalmente devido
as suas interacBes especificas com diversas enzimas e proteinas, sua capacidade antioxidante,
anti-inflamatoria, seu papel protetor sobre membranas e modulador sobre a resposta imune.

Estudos sugerem que os compostos fendlicos, devido sua estrutura comum que apresenta
um anel aromaético hidroxilado, sdo capazes de inibir enzimas digestivas. A estrutura desses
compostos se combina com as enzimas, proteinas e outros polimeros (carboidratos) formando
complexos estaveis, impedindo a absor¢do dos nutrientes. A inibicdo das enzimas digestivas, a-
amilase, a-glicosidase e lipase € benéfica para o controle da hiperglicemia associada ao diabetes
mellitus e obesidade.

Apesar dos inumeros efeitos benéficos, 0s compostos presentes em plantas medicinais, em
determinadas situacGes, podem ndo ser indcuos e apresentar efeitos toxicos, genotoxicos e
carcinogénicos (BOEIRA et al., 2010; GATEVA et al., 2015), evidenciando a necessidade de
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uma ampla caracterizagdo farmaco-toxica in vitro e in vivo dos extratos dessas plantas para
comprovacao de seus efeitos terapéuticos e toxicologicos.

A avaliacdo dos potenciais antioxidante, genotoxico e de outras propriedades terapéuticas
e toxicoldgicas de plantas medicinais tornou-se um evento critico e importante na busca pela
salde. Assim, a exploracdo de muitas plantas tradicionalmente utilizadas pela populagdo tem
recebido muita atencdo nos Gltimos anos, devido alguns de seus constituintes biologicamente
ativos serem tOxicos para 0 organismo e conterem substancias quimicas conhecidas como
mutagénicas ou carcinogénicas.

Algumas das diversas enzimas que atuam em nosso metabolismo sdo homdlogas
estrutural e funcionalmente as enzimas presentes nas pegonhas de serpentes. As peconhas de
serpentes sdo ricas em fosfolipases A, e proteases, e estas enzimas tornaram-se importantes
ferramentas de pesquisa a fim de verificar a acdo de inibidores naturais, in vitro e in vivo, uma
vez que apresentam um amplo espectro de agdes, principalmente sobre a hemostasia, a resposta
inflamatoria e imunoldgica (BERLING; ISBISTER, 2015).

Entre as plantas apreciadas no Brasil, a Achyrocline satureioides (Lam.) DC., conhecida
como marcela ou macela, vem se destacando como fonte de compostos bioativos e por suas
diversas atividades biolégicas. Sob o ponto de vista farmacoldgico o extrato de A. satureioides
apresenta atividades anti-inflamatéria, hepatoprotetora, antioxidante, imunomoduladora,
antimicrobiana, antitumoral e fotoprotetora (KADARIAN et al., 2002; RETTA et al., 2012;
SALGUEIRO et al., 2016).

A espécie Echinodorus macrophyllus (Kunth) Micheli, conhecida como chapéu-de-couro,
apresenta poucas pesquisas cientificas a respeito de suas propriedades medicinais, porém suas
folhas séo usadas na medicina popular para o tratamento de doencas inflamatorias e respiratdrias,
infeccdes e disfuncdes renais (TANUS-RANGEL et al., 2010).

A espécie Lippia sidoides Cham., popularmente conhecida como alecrim-pimenta,
apresenta uso comprovado na medicina popular, principalmente como antisséptico,
antimicrobiano e anti-inflamatorio. Suas folhas e flores constituem a parte medicinal desta planta
e sdo usadas para combater infecgOes da garganta e da boca, para o tratamento de ferimentos na
pele e no couro cabeludo, para o tratamento de acne, sarna infectada, pitiriase versicolor,

dermatomicoses, caspa, mau cheiro nos pés, nas axilas e virilha (FONTENELLE, 2008).
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Com base nessas informacdes e no cenario atual de pesquisas, essas plantas possuem
grande potencial farmacoldgico para atuarem como adjuvantes aos medicamentos convencionais.
Assim, diante da busca de alternativas terapéuticas de menor custo, facil acesso e seguranca
comprovada, bem como a falta de informac6es cientificas sobre a utilizacdo das folhas de A.
satureioides (Lam.) DC, E. macrophyllus e L. sidoides faz-se necessaria uma investigacao
detalhada a respeito de seus constituintes quimicos, possivel toxicidade decorrente do uso

continuo e elucidacdes sobre 0 mecanismo de acao de seus constituintes.
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2 OBJETIVO

2.1 Objetivo geral

O objetivo deste trabalho foi avaliar os efeitos dos extratos aquoso e etandlico, obtidos
das folhas de Achyrocline satureioides (Lam.) DC, Echinodorus macrophyllus e Lippia sidoides
sobre atividades enzimaticas, utilizando-se de peconhas de serpentes, como ferramentas de
inducdo de efeitos, a fim de realizar a caracterizacdo farmacologica e toxicoldgica dos extratos

vegetais.

2.2 Objetivos especificos

- Realizar a triagem fitoquimica de grupos metabdlitos de interesse farmacoldgico que
constituem o0s extratos, aquoso e etanolico, das folhas de A. satureioides (Lam.) DC, E.
macrophyllus e L. sidoides.

- Caracterizacdo por cromatografia liquida de alta eficiéncia, dos compostos fenolicos
presentes nos extratos, aquoso e etandlico, das folhas de A. satureioides (Lam.) DC, E.
macrophyllus e L. sidoides.

- Avaliar o efeito de ambos os extratos das folhas de A. satureioides (Lam.) DC, E.
macrophyllus e L. sidoides sobre as atividades fosfolipasica, hemolitica, trombolitica, coagulante
e proteolitica (fibrinogénio), induzidas por diferentes peconhas de serpentes.

- Avaliar o potencial genotdxico e/ou antigenotdxico dos extratos, aquoso e etandlico, das
trés espécies vegetais, sobre leucécitos humanos pelo ensaio cometa, utilizando a peconha de
Lachesis muta muta como indutora de danos.

- Avaliar a acdo inibitoria dos extratos, aquoso e etanolico, das trés espécies vegetais
sobre enzimas digestivas (a-amilase pancreatica suina, a-glicosidase duodenal suina, lipase
pancreatica suina e tripsina pancreatica suina) em condicdes de simulacdo do fluido gastrico.

- Analisar os resultados obtidos visando prospectar embasamentos para aplicacdes
descritas popularmente para os extratos assim como complementar dados cientificos, ampliando a
caracterizacdo dos extratos e possibilitando sua futura utilizacdo terapéutica de forma eficaz e

segura.
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3 REFERENCIAL TEORICO

3.1 Plantas medicinais

Indicios do uso de plantas medicinais foram encontrados nas civilizagbes mais antigas,
sendo considerada uma das praticas mais remotas empregadas pelo homem para cura, prevencao
e tratamento de doencas, sendo as plantas importante fonte de compostos biologicamente ativos
(FIRMO et al., 2011).

Baseado na tradicdo familiar, o consumo de plantas medicinais tornou-se préatica
generalizada na medicina popular. Nos ultimos anos, muitos fatores tém contribuido para o
aumento da utilizacdo deste recurso, entre eles, o alto custo dos medicamentos industrializados, o
dificil acesso da populacéo a assisténcia médica, bem como a tendéncia, nos dias atuais, ao uso
de produtos de origem natural (BATTISTI et al., 2013).

Para garantir o acesso seguro e gratuito as plantas medicinais, o Governo Brasileiro
implementou o Programa Nacional de Plantas Medicinais e Fitoterapicos (PNPMF) e o
Ministério da Saude, em 2009, criou a Lista Nacional de Plantas Medicinais de Interesse ao
Sistema Unico de Satde (RENISUS) com o intuito de buscar tratamentos alternativos para
doengas comuns que afetam a populacdo (BORGES et al., 2014; MARMITT et al., 2016).

De acordo com a Organizacdo Mundial de Saude (OMS) aproximadamente 80% da
populacdo mundial utiliza as espécies vegetais na busca da cura para inumeras enfermidades,
ainda sem indicacéo clinica. Contudo, pesquisas na area de plantas medicinais podem contribuir
para 0 uso consciente das plantas por meio da elucidagdo de mecanismos de acdo terapéutica e
inducdo de toxicidade, além de propiciar o desenvolvimento de novos medicamentos
(MAMEDE; PASA, 2014).

O uso de medicamentos alopaticos € recente e sua comprovacao por testes clinicos € ainda
mais. Enquanto os medicamentos apresentam, em sua quase totalidade, um Unico principio ativo
que é responsavel pelo seu efeito farmacoldgico, os extratos vegetais, por exemplo, s&o
constituidos por misturas multicomponentes de substancias ativas, parcialmente ativas e inativas,
gue, muitas das vezes, atuam em alvos farmacolégicos diferentes. A eficacia desses extratos é o
resultado de seu uso empirico, durante muitos anos, por diferentes grupos étnicos (FERREIRA;
PINTO, 2010).
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Embora os farmacos vegetais sejam considerados mais seguros do que os alopéticos, a
origem natural dos produtos vegetais ndo os isenta, de fato, da toxicidade potencial em seres
humanos. Os efeitos prejudiciais para a saiude que podem resultar do uso indiscriminado de
medicamentos naturais incluem a hepatotoxicidade (AMADI; ORISAKWE, 2018; FURBEE et
al., 2006), as interacOes que promovem alteracbes no DNA e indugdo de mutacdes (GULDIKEN
etal., 2018; TAMAKOU; KUETE, 2014).

As plantas sdo capazes de produzir diferentes substancias toxicas em grandes quantidades,
aparentemente para sua defesa contra virus, bactérias, fungos e animais predadores. Muitas
dessas substancias sdo responsaveis pelas suas propriedades medicinais e arométicas que sao
utilizadas na medicina popular e despertam interesse cientifico pelas suas atividades bioldgicas
(LAPA et al., 2004).

Para melhor entendimento do uso de plantas, é necessaria a avaliacdo da relacdo
risco/beneficio do seu uso, por meio de estudos farmacodinamicos e toxicoldgicos. Portanto, o
uso pela medicina popular baseado no conhecimento tradicional ndo é suficiente para validar as

plantas medicinais como fitoterapicos eficazes e seguros (FARIAS et al., 2007).

3.1.1 Achyrocline satureioides (Lam.) DC.

A espécie Achyrocline satureioides (Lam.) DC., pertencente a familia Asteraceae (Figura
1) é uma planta nativa da América do Sul, muito encontrada no Brasil, distribuida principalmente
desde o estado de Minas Gerais até o Rio Grande do Sul, sendo conhecida também como macela,
marcela, marcela-do-campo, camomila-nacional, entre outros (VIEIRA et al., 2015). No sul
brasileiro, essa planta medicinal é tradicionalmente coletada na Sexta-feira Santa, antes do nascer
do sol e as flores naturalmente secas sao utilizadas ao longo do ano para tratar varios disturbios
gastrointestinais (SIMOES et al., 1988).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Orisakwe%20OE%5BAuthor%5D&cauthor=true&cauthor_uid=29673137

22

Figural - EspeC|e Achyrocline satureioides (Lam. ) DC (marcela).

Fonte: http://lwww.ufrgs.br/fitoecologia/florars/open_sp.php?img=15040/ acesso: 09 mar. 2018.

A A. satureioides é indicada na medicina popular como um antiespasmédico em casos de
infeccdes e disturbios digestivos, males do figado, epilepsia, sudorifera, como anti-inflamatoria,
calmante, sedativa, emenagoga, para tratar colicas de origem nervosa e contra prisdo de ventre. E
amplamente utilizada para o tratamento de problemas respiratorios, incluindo asma, bronquite e
infeccbes do trato respiratério superior e também pode ser usada como planta ornamental e no
enchimento de travesseiros (ALMEIDA et al., 1998; BOLSON et al., 2015; LORENZI; MATOS,
2002; RUFFA et al., 2002; SOUZA; BASSANI; SCHAPOVAL, 2007).

Outras propriedades dessa planta sdo: hepatoprotetora (KADARIAN et al., 2002),
antimicrobiana (CASERO et al., 2015), antioxidante (ZORZI et al., 2016); antiparasitaria
(BRANDELLLI et al., 2009), anticancerigena (SOUZA et al., 2018), tripanocida (RITTER et al.,
2017) e antivirotica (SABINI et al., 2012). Como fitocosmético a planta é empregada como
estimulante da circulacdo capilar, contra a queda de cabelos, em peles e cabelos delicados, e
como protetor solar, além de ser popularmente utilizada para clarear cabelos (BALESTRIN et al.,
2016; TESKE; TRENTINI, 2001).

A espécie A. satureioides foi incluida oficialmente na Farmacopeia Brasileira em 2001,
assim como nos paises do Mercado Comum do Sul (MERCOSUL), sendo que na Argentina,
produtos a base de A. satureioides s&o utilizados em medicamentos, em formulacgdes fitoterapicas

e na fabricacdo de produtos alimentares. No Uruguai e Paraguai, a espécie é consumida como cha


http://www.ufrgs.br/fitoecologia/florars/open_sp.php?img=15040/
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e utilizada na fabricacdo de cosméticos, devido suas propriedades antioxidante, anti-inflamatoria
e fotoprotetora (RETTA et al., 2012).

Quanto aos seus efeitos citotoxicos e genotdxicos, estudos cientificos relataram auséncia
de genotoxicidade do extrato aquoso de A. satureioides, preparado a frio, quando avaliado pelo
teste de Allium cepa L. e pelo teste do cometa (SABINI et al., 2011; 2013). Altas concentragcfes
do extrato induziram acdo citotdxica, mas este efeito foi revertido e ndo foi associado a
mutagenicidade.

Cariddi et al. (2015) verificaram que o extrato aquoso de A. satureioides, preparado com
aquecimento a 70 °C, apresentou efeitos citotdxicos e apoptdticos sobre células mononucleares de
sangue periférico humano, afetando tanto a funcdo mitocondrial quanto a integridade da
membrana celular, e associaram estes efeitos toxicos a presenca dos flavonoides identificados:
luteolina, quercetina e 3-O-metilquercetina. Resultados semelhantes foram observados por
Polydoro et al. (2004) que verificaram que os extratos de A. satureioides com alta concentragéo
de flavonoides, especialmente quercetina, foram tdxicos sobre células de Sertoli. Vargas,
Guidobono e Henrigues (1991) sugeriram que os efeitos genotoxicos do extrato aquoso de A.
satureioides, estaria relacionado a presenca de taninos e flavonoides, como quercetina e
Kampferol.

Varios estudos com A. satureioides revelaram seu enorme potencial etnobotanico e no
Brasil, essa espécie esta entre as plantas medicinais mais comercializadas. No entanto, estudos
mais detalhados sobre seus constituintes quimicos e sobre seu modo de atuacdo na hemostasia e

resposta inflamat6ria podem contribuir para um uso mais eficaz e seguro dessa planta.

3.1.2 Echinodorus macrophyllus (Kunth) Micheli

A espécie nativa brasileira Echinodorus macrophyllus (Kunth) Micheli, da familia
Alismataceae (Figura 2), conhecida popularmente como chapéu-de-couro, cha-mineiro, erva-de-
pantano, erva-de-bugre, congonha-do-campo ou erva-do-brejo, tem sido amplamente utilizada na
medicina popular nas regides Sudeste e Centro-Oeste e na producdo de um refrigerante brasileiro
(NASCIMENTO et al., 2014; VIDAL et al., 2010). Suas folhas sdo preparadas por infusédo ou

decoccdo e tém acdo diurética, depurativa, antirreumatica, laxativa, anti-inflamatéria e
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adstringente. E indicada em tratamento de afeccdes cutaneas, doencas renais e das vias urinarias,
além de problemas do figado (MORET] et al., 2006).

Figura 2 - Espécie Echmodorus macrophyllus (Kunth) Micheli (chapéu-de-couro).

Fonte: Do autor (2016).

Estudos realizados por Portella et al. (2012) e Nascimento et al. (2014) demonstram
evidéncias cientificas de que E. macrophyllus possui atividade nefroprotetora, indicando suas
principais aplicacdes terapéuticas em doencas renais. Pinto et al. (2007) também relataram que as
partes aéreas de E. macrophyllus tem efeito imunossupressor na resposta humoral exacerbada ou
respostas imunes celulares e em doencas reumaticas autoimunes.

A planta medicinal E. macrophyllus foi inscrita nas primeiras edi¢es da Farmacopeia dos
Estados Unidos do Brasil (1929 e 1959), porém seu uso como fitoterapico depende de ampla
caracterizacdo de suas atividades bioldgicas e dos mecanismos pelos quais elas sdo exercidas
(FERNANDES et al., 2012). Estudos sobre a composi¢do quimica da espécie tém demonstrado a
presenca de flavonoides, alcaloides, diterpenos e triterpenos (LEITE et al.,, 2007; TANUS-
RANGEL et al., 2010).

Apesar de poucos estudos terem sido descritos na literatura, a toxicidade in vivo do
extrato aquoso das folhas de E. macrophyllus foi analisada por Lopes et al. (2000), em
experimentos realizados com ratos, mostrando a auséncia de efeito genotdxico desse extrato. Vaz
et al. (2016) também verificaram que o extrato etanolico de E. macrophyllus nao apresentou
atividade genotoxica ou mutagénica, ndo induziu apoptose no figado e rim dos ratos e nédo

induziu toxicidade aguda. Estudos farmacoldgicos isoladamente sdo insuficientes para validar o
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efeito de compostos vegetais, assim aspectos toxicologicos sistematicos sdo necessarios para
definir os critérios de selecdo de uma dose segura e eficaz (MELO et al., 2011; REYES-
GARCIA, 2010).

3.1.3 Lippia sidoides Cham.

O género Lippia é conhecido por apresentar, principalmente, atividades antimicrobiana,
anti-inflamatoria, antioxidante e larvicida (BATISTA et al., 2013). A espécie L. sidoides Cham.
da familia Verbenaceae (Figura 3) € uma planta aromatica encontrada na regido de Caatinga do
Nordeste brasileiro e é popularmente conhecida como alecrim-pimenta (GUIMARAES et al.,
2014). Estudos relataram que essa espécie apresenta flavonoides, quinonas, triterpenos, lignanas,
esteroides livres e glicosilados e acidos organicos (ALMEIDA et al., 2010). As folhas e flores
constituem a parte medicinal desta planta. Seu 6leo essencial apresenta elevado valor comercial,
tendo o timol e o carvacrol como principais constituintes, os quais possuem propriedades
antisséptica, antimicrobiana, antifungica, antioxidante, anti-inflamatoria e larvicida. O cha ou a
tintura diluida dessa espécie sdo também utilizados no tratamento de problemas de pele (MATOS
et al., 2004; SANTOS et al., 2015).
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Extratos e Oleos essenciais obtidos de Lippia spp. tém sido amplamente testados
cientificamente, devido ao potencial dos principios bioativos. Na medicina popular, espécimes
dessa planta tém sido usadas no tratamento de resfriados, bronquite e tosse (GOMES;
NOGUEIRA; MORAES, 2011), bem como com func¢éo de relaxante muscular.

Estudos em diversas areas do conhecimento vém confirmando tais atividades terapéuticas
descritas pela medicina popular. Por exemplo, foi demonstrada atividade antibacteriana em
gengivite e placa dentaria com uso de Oleo essencial de L. sidoides (LOBO et al., 2011;
PEREIRA et al., 2013), bem como atividade antifingica obtida com o extrato etanélico contra
cepas resistentes de Candida spp. (FARIAS et al., 2012), atividade anti-inflamatoria avaliada em
camundongos (VERAS et al., 2013) e atividade antimicrobiana contra Mycobacterium
tuberculosis (MOTA; DANTAS; FROTA, 2018).

O Programa Nacional de Plantas Medicinais e Fitoterapicos publicou, em janeiro de 2009,
a Relacio Nacional de Plantas Medicinais de Interesse ao Sistema Unico de Sadde (RENISUS).
Nessa lista, constam as plantas medicinais que apresentam potencial para gerar produtos de
interesse ao SUS. Entre as espécies, consta o alecrim-pimenta (L. sidoides Cham.) (BRASIL,
2009).

No que se refere ao efeito modulador dos extratos de L. sidoides sobre processos
relacionados a hemostasia, escassos estudos cientificos sdo encontrados, destacando a
necessidade de estudos complementares que poderdo ajudar no entendimento toxico-

farmacoldgico do uso interno dessa planta na prevencéo e tratamento de doencas inflamatérias.

3.2 Compostos fenolicos

O interesse na diversidade molecular das plantas tem estimulado a busca pelo
conhecimento do seu metabolismo secundario, o qual é responsavel pela sintese de compostos
vegetais com ampla atividade biolégica. Grupos de compostos de estruturas complexas como
alcaloides, terpenoides e compostos fendlicos, bem como seus derivados, tém sido alvo de
investigacdo a respeito de suas propriedades medicinais. A diversidade, em termos de estruturas e
propriedades quimicas, na qual essas substancias ocorrem na natureza, podem servir para o
desenvolvimento de um grande nimero de produtos naturais de interesse comercial,

principalmente fitofarmacos (ALVES, 2001). Segundo Ahmad et al. (2012) os compostos
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fendlicos sdo definidos como fitoquimicos naturais de plantas, que possuem atividade
antioxidante, quimio-preventiva e propriedades quimioterapicas.

Os compostos fenolicos constituem um extenso e complexo grupo de fitoquimicos, com
mais de 8.000 estruturas conhecidas e sdo definidos quimicamente, como substancias que
apresentam em sua estrutura um anel aromatico, contendo um ou mais grupos hidroxilas, ou
outros grupos funcionais e em sua maioria sdo de alta polaridade e muito reativos (DAI;
MUMPER, 2010; LI et al., 2014).

A diversidade estrutural dos compostos fendlicos deve-se a sua dupla origem
biossintética, com a possibilidade de uma participagdo simultanea das vias do &cido chiquimico e
do acetato-malonato, formando compostos de origem mista, 0 que pode originar desde moléculas
simples, como as dos acidos fendlicos, até compostos altamente polimerizados e de grande massa
molecular como os taninos e flavonoides (Figura 4) (TAIZ; ZEIGER, 2013).

Figura 4 — Principais rotas de biossintese dos metabdlitos secundarios.

Lignanas e ligninas
Cumarinas

Fonte: Simbes et al. (2007).
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Os écidos fenolicos podem ser subdivididos em dois grandes grupos: os &cidos
hidroxibenzoicos, que incluem os acidos p-hidroxibenzoico, protocatequina, vanilico, siringico e
galico (Figura 5A) e os acidos hidroxicindmicos (&cidos p-cumarico, cafeico e ferulico) (Figura
5B) (ANGELO; JORGE, 2007; SIMOES et al., 2007).

Figura 5 — Estrutura quimica dos &cidos fenolicos.

R, A R, B
HO HO

OH OH
R; R5 =z
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Acido p-hidroxibenzoico: R, =R, = H
Protocatequina: R; = OH, R, = H
Acido vanilico: R, = OCH,, R, =H
Acido siringico: R, =R, = OCH,
Acido galico: R, =R, = OH

Acido p-cumérico: R, =R, =H
Acido cafeico: R, = OH,R,=H
Acido fertlico: R, = OCH,, R, =H

Legenda: A) Estrutura quimica dos acidos hidroxibenzoicos e B) dos acidos hidroxicinamicos.
Fonte: Angelo e Jorge (2007).

Os flavonoides sdo os compostos fendlicos mais abundantes e quimicamente sdo
caracterizados por possuirem um esqueleto de quinze carbonos, que consiste em dois anéis
aromaticos ligados por meio de um anel pirano heterociclico (Figura 6) (KUMAR; PANDEY,
2013). Os compostos fenolicos e, em particular, os flavonoides atuam como antioxidantes, devido
as suas estruturas ideais que permitem doar elétrons para radicais livres e converté-los em
moléculas estaveis e indcuas (SOTO-VACA et al., 2012).
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Figura 6 — Estrutura quimica dos flavonoides.

Fonte: Kumar e Pandey (2013).

Estudos tém demonstrado a acdo dos flavonoides como anti-inflamatorios, sendo descritos
como reguladores das atividades inflamatdrias celulares e moduladores das atividades de enzimas
envolvidas no metabolismo do &cido araquidénico como as cicloxigenases, lipoxigenases e
fosfolipases A, (GABR et al., 2018; HUSSAIN et al., 2016).

Os taninos correspondem a outra classe de compostos fendlicos muito importantes e sdo
classificados em taninos hidrolisaveis e taninos condensados (Figura 7). Estes compostos tém a
capacidade de se ligar as enzimas digestivas, proteinas e carboidratos, formando complexos
estaveis, interferindo na digestibilidade e, consequentemente, dificultando a absorcdo de
carboidratos, lipideos e proteinas (BARRETT; FARHADI; SMITH, 2018; SILVA et al., 2014).

Figura 7 - Estrutura do tanino hidrolisavel (A) e do tanino condensado (B).
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Fonte: Marques (2016) e Pell et al. (2001).
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Para que se possam avaliar os efeitos biolégicos dos compostos fendlicos como:
disponibilidade, atividade antioxidante, interaces especificas com receptores celulares e
enzimas, € importante entender suas estruturas quimicas (ENGLER; ENGLER, 2004).

Os compostos fendlicos apresentam um amplo espectro de atividades biologicas de
interesse médico-farmacéutico-cientifico como, por exemplo, atividade anticarcinogénica,
relacionada a sua acdo antioxidante e antiproliferativa quando aplicados em células de melanoma
murino (B16F10) e células leucémicas humanas (K562) (MELO et al., 2018). Esses compostos
atuam no combate aos radicais livres, que Sd0 responsaveis por causar estresse oxidativo e,
consequentemente, danos a tecidos e biomoléculas do nosso organismo, exercendo assim,
importante papel na prevencdo de disturbios patolégicos, tais como céancer, desordens
neurodegenerativas, doencas cardiovasculares, diabetes e outras doengas cronicas (CROFT et al.,
2018; SOUZA et al., 2018; URZEDA et al., 2013).

Muitas plantas, comestiveis ou ndo, sintetizam no metabolismo secundario centenas de
compostos fendlicos, que possuem multiplos efeitos bioldgicos, como acdo anti-inflamatoria
(SINGH; PATRA, 2018), antimicrobiana (NUNES et al., 2016), hipolipidémica (TENORE et al.,
2013), efeito antimutagénico (SILVA et al., 2017), anticarcinogénico e quimiopreventivo (EL-
HALAWANY et al., 2018). Por estas razGes, um grande esforco tem sido realizado para
caracterizar os compostos fenélicos presentes em diferentes plantas.

A purificacdo e identificacdo de novos compostos com atividade antioxidante, anti-
inflamatoria e antitumoral, oriundos de fontes naturais, como plantas medicinais que possam agir
sozinhos ou em sinergismo com outros aditivos, tém recebido grande destaque, visando 0 uso

dessas moléculas no combate as enfermidades.

3.3 Genotoxicidade

A genotoxicidade se refere a capacidade que alguns agentes tém em causar modificacdes
na sequéncia do DNA de celulas a eles expostos. Durante o processo de replicacdo, quando essas
modificacOes se fixam de forma capaz de perpetuar nas células filhas, o agente é considerado
mutagénico (MiDIO; MARTINS, 2000). Alguns trabalhos relatam que os danos no DNA geram
instabilidade genética, o que pode representar 0s passos iniciais para o desenvolvimento do
cancer, além da reducdo da viabilidade e fertilidade de gametas (MIDIO; MARTINS, 2000;
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RIBEIRO; SALVADORI; MARQUES, 2003). Assim, enquanto os efeitos genotoxicos podem
ser transitorios, os efeitos mutagénicos sdo persistentes e podem ser transmitidos as geracdes
subsequentes (DEARFIELD et al., 2002).

O aumento no uso de plantas medicinais para a prevencdo e tratamento de diversas
patologias, entre elas doencas inflamatérias, cardiovasculares e céncer, tem estimulado o
interesse no estudo da toxicidade. Apesar dos compostos presentes em plantas medicinais
apresentarem muitos efeitos benéficos a salde humana, quando usados cronicamente ou de forma
aguda, podem induzir efeitos toxicos, genotoxicos e carcinogénicos (GATEVA et al., 2015;
PUKALSKIENE et al., 2018).

Do ponto de vista toxicoldgico, os efeitos induzidos pelo uso de extratos vegetais podem
ndo ser imediatamente correlacionados com a sua ingestdo, mas observados em longo prazo de
forma assintomatica, se concretizando em efeitos nefrotoxicos, neurotéxicos, hepatotoxicos ou
até mesmo, carcinogénicos (LAPA et al., 2004).

Na area de toxicologia genética, o teste do cometa, também conhecido como eletroforese
em gel de célula Unica, ¢ um dos mais empregados para avaliar produtos naturais, cujos
resultados podem ser utilizados como um indicativo de genotoxicidade e/ou antigenotoxicidade
de extratos, aumentando o conhecimento sobre suas propriedades (MATIC et al., 2015;
MENDONCA et al., 2016).

O teste do cometa é utilizado para identificar lesées no DNA que podem ser passiveis de
correcdo ou podem gerar mutagdes, apos serem processadas. Também pode ser empregado para
estudos de reparo do DNA, trazendo informacBes importantes sobre a cinética e o tipo de lesdo
reparada (RIBEIRO; SALVADORI; MARQUES, 2003).

Esse teste por apresentar algumas vantagens como alta sensibilidade, exigéncia de
pequenos numeros de células, baixo custo e possibilidade de utilizacdo de diferentes tipos
celulares (COLLINS et al., 2008; PUKALSKIENE et al., 2018), tem sido aplicado nas éareas de
ecotoxicologia (REIS et al., 2017), epidemiologia molecular (KRUSZEWSKI et al., 2012),
nutricdo (BISHOP et al., 2015), biomonitoramento humano (COLLINS et al., 2014) e na
identificacdo do potencial genotdxico de produtos naturais (CESAR et al., 2017; SALGUEIRO et
al., 2016).
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3.4 Inibidores de enzimas digestivas

Os inibidores de enzimas digestivas sdo substancias quimicas (a maioria proteinas)
presentes nos tecidos vegetais, como folhas, sementes, raizes, cascas e em animais como, por
exemplo, na clara de ovo. Essas substancias, quando ingeridas, podem inibir a acdo de algumas
enzimas, como as amilases e lipases, que sdo muito importantes para o metabolismo normal do
organismo humano (GENOVESE; LAJOLO, 2001), impedindo assim, a absorcdo de carboidratos
e lipideos, o que pode acarretar perda de peso, podendo ser uma ferramenta importante para
auxiliar no tratamento da obesidade e doencas associadas.

A a-amilase (EC 3.2.1.1), denominada como a-1,4-glucano-4-glucanohidrolase, é uma
enzima que esta presente na secrecdo salivar e pancredtica e é responsavel por catalisar a
hidrolise das ligacdes glicosidicas a-1,4 presentes na parte interna do amido, convertendo-o em
acucares simples, como a maltose e maltotriose, para que possam ser completamente digeridos
pelo organismo (PODSEDEK et al., 2014).

A o-glicosidase (EC 3.2.1.20) é uma enzima ligada @ membrana localizada no epitélio do
intestino delgado e catalisa a clivagem de ligagdes glicosidicas e liberacdo de glicose para a
corrente sanguinea a partir de dissacarideos e oligossacarideos (JAKUBCZYK et al., 2018).

A utilizagdo de extratos vegetais como inibidores das enzimas a-amilase e a-glicosidase
vem sendo uma das estratégias promissoras para o controle da hiperglicemia associada ao
diabetes mellitus e obesidade, pelo fato da inibicdo dessas enzimas atrasarem a degradacdo do
amido e dos oligossacarideos, 0 que por sua vez, causaria uma diminuic¢do na absorcédo de glicose
e, consequentemente, da glicemia po6s-prandial (IRONDI et al., 2014; PEREIRA et al., 2011).

A lipase, descrita como triacilglicerol lipase (EC 3.1.1.3) é produzida principalmente no
pancreas e catalisa a hidrolise de triacilglicerois em 2-monoacilglicerol e acidos graxos livres que
podem ser absorvidos na corrente sanguinea. Uma concentracao excessiva de &cidos graxos livres
no sangue pode causar aumento da resisténcia a insulina, formacéo de radicais livres ou acumulo
de tecido adiposo, o que resulta em obesidade (GROVE et al., 2012; PODSEDEK et al., 2014).

A busca de inibidores de lipase pancreatica se mostra também como uma opcéo
promissora para auxiliar no tratamento da obesidade, visto que, a inibicdo dessa enzima promove
reducdo na absorcdo de triacilglicerois da dieta, ocasionando diminuicdo do aproveitamento
caldrico e perda de peso (VIEGAS JUNIOR; BOLZANI; BARREIRO, 2006).
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Adicionalmente, a tripsina (EC 3.2.21.4) é uma enzima digestiva produzida pelo pancreas
na forma de seu zimogénio enzimaticamente inativo (tripsinogénio) e levado até o intestino, onde
por acdo enzimatica da enteroquinase e/ou tripsina se torna ativa e realiza a digestdo das
proteinas, liberando peptideos (BARCELQOS, 2004). Os inibidores de proteases tém sido
considerados como ""compostos antinutricionais”, devido a sua atividade inibitdria sobre enzimas
digestivas em humanos e animais (KOSTEKLI; KARAKAYA, 2017).

Os aminodacidos obtidos da digestdo das proteinas sdo substancias essenciais para 0
organismo, porém os inibidores de tripsina impedem que as proteinas sejam hidrolisadas e
consequentemente que o0s aminoacidos sejem liberados e absorvidos. A presenca desses
inibidores podem causar desconforto gastrico e levar a hipertrofia ou hiperplasia pancreética
(HORTON et al., 2006).

A presenca de inibidores de enzimas digestivas em produtos naturais tem sido bastante
estudada para a busca de medicamentos baseados no mecanismo de inibicdo enzimética que
ocasiona alteracBGes benéficas no metabolismo, apresentando-se como uma excelente alternativa
para o0 desenvolvimento seguro e eficaz de medicamentos ou mesmo para uso nutracéutico
(SIMAO et al., 2017).

3.5 Peconhas de serpentes

As peconhas de serpentes sdo as mais complexas de todas as pe¢onhas animais até entéo
estudadas, contendo 20 ou mais componentes diferentes, sendo que mais de 90% do seu peso
seco constituem-se de proteinas, muitas das quais possuem atividade enzimatica, e a parte ndo
proteica € composta por carboidratos, lipideos, ions metélicos (que em sua maioria tem papel
fundamental na atividade das enzimas atuando como cofatores), aminoacidos livres, nucleotideos,
entre outros (VARANDA,; GIANINNI, 1999). Entre os componentes presentes na peconha de
serpentes, aqueles que demonstram maior potencial como agentes biotecnoldgicos de estudo e
tambeém responsaveis por desordens de maior gravidade dentro do envenenamento s&o: as
fosfolipases A, (PLA;), proteases (metaloproteases e serinoproteases), lectinas tipo C,
hialuronidases, desintegrinas e L-aminoacido oxidases (OLIVEIRA et al., 2016).

A combinacdo destes compostos proteicos estd diretamente relacionada aos danos

causados por essas peconhas, cuja fisiopatologia inclui efeitos locais, como dor intensa, edema,
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hemorragia e necrose, e/ou efeitos sistémicos, tais como nauseas, coagulopatias, hipotenséo,
choque cardiovascular e distarbios renais (MORAIS et al., 2012; SILVA et al., 2018). O
envenenamento por serpentes é um grave problema de satde publica, especialmente nas regides
tropicais e subtropicais do mundo. No Brasil, quase 90% dos acidentes ofidicos sdo provocados
por serpentes do género Bothrops (BRASIL, 2016).

As misturas complexas de compostos organicos e inorganicos, presentes na peconha,
agem sobre uma variedade de alvos metabdlicos e fisioldgicos especificos de presas ou vitimas,
auxiliando na alimentacédo e defesa (BOLDRINI-FRANCA et al., 2017). Algumas toxinas podem
provocar desorganizacdo fisiologica, por agirem diretamente sobre eritrocitos, midcitos, fatores
da cascata de coagulacdo sanguinea, além de células epiteliais e do endotélio vascular. Como
consequéncia, pode resultar em coagulacdo ou hemolise intravascular, predisposicdo para contrair
doencas e/ou destruicdo de tecido muscular. As toxinas também podem agir induzindo injurias
em quaisquer estruturas renais através da diminuicdo do fluxo sanguineo, coagulacdo
intravascular disseminada e toxicidade vascular (SITPRIJA, 2008).

As toxinas podem apresentar diferentes atividades fisioldgicas, hematoldgicas e
neurotransmissoras no ser humano. Neste contexto, as peconhas tém sido amplamente utilizadas
como ferramentas laboratoriais na inducdo de atividades que simulem as exercidas por moléculas
humanas, a fim de contribuir para a descoberta de varios mecanismos moleculares envolvidos nos
processos fisioldgicos e no desenvolvimento de doencas, com vistas ao desenvolvimento de
novos agentes terapéuticos para o tratamento de doencas cardiovasculares, hematoldgicas e

degenerativas.

3.6 Principais classes de enzimas presentes em peconhas de serpentes destacadas como

ferramentas laboratoriais no presente estudo

3.6.1 Fosfolipases A e seu papel na inflamacao

As fosfolipases A, (PLAs; EC 3.1.1.4) sdo enzimas estaveis, relativamente pequenas
(~14 kDa), dependentes de célcio e ricas em interacGes dissulfeto, que catalisam a hidrolise de
ligacOes éster sn-2 de fosfoglicerideos, levando a formacéo de acidos graxos, especialmente acido
araquidoénico e lisofosfolipideos (YARLA et al., 2015). O &cido araquidénico € um precursor de
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prostaglandinas, leucotrienos e tromboxanos, estando algumas dessas moléculas envolvidas no
processo inflamatorio (CARVALHO et al., 2013).

As vias de cicloxigenase e lipoxigenase sdo as duas principais vias enzimaticas na
conversdo do acido araquiddnico em lipideos bioativos (REDDY et al., 2015). Em condigdes
normais, esses lipideos desempenham papéis importantes na funcdo sinéptica, regulacdo do fluxo
sanguineo cerebral, apoptose, angiogénese e expressdo génica, além de atuarem como horménios
em inameros processos fisioldgicos. Porém em concentracdes elevadas podem acarretar uma
série de condicOes patologicas, tais como isquemia, epilepsia, Alzheimer, Parkinson, esclerose
lateral amiotrdfica, além de produzirem neuroinflamacdo envolvendo vasodilatacdo e
vasoconstricdo, agregacdo plaquetaria e estresse oxidativo (GARG et al., 2018; PHILLIS;
HORROCKS; FAROOQUI, 2006; SHUKLA et al., 2015). O principal papel dos eicosanoides,
que incluem leucotrienos, prostaglandinas e tromboxanos é amplificar ou reduzir a inflamacéo,
coordenando o recrutamento de leucdcitos, citocinas e producdo de quimiocinas, formacdo de
anticorpos, proliferacdo e migracdo e apresentacao de antigenos (CHIURCHIU; MACCARRON,
2016).

Atividades cataliticas elevadas de fosfolipases foram encontradas no liquido sinovial de
pacientes que sofreram com artrite reumatoide, osteoartrite e artrite associada a presenca de
cristais. Quantidades subnormais persistentes da atividade e concentragdo de fosfolipases tém
sido relatadas em pacientes com esclerose sisttmica (NEVALAINEN, 1993; STEFANSKI et al.,
1986).

Além do seu papel bem estabelecido na inflamacéo, os eicosanoides também tém funcdes
homeostaticas que variam desde a regulacdo do vazamento vascular e formacéo de barreiras, até a
integridade da mucosa (CHIURCHIU; MACCARRON, 2016).

As fosfolipases estdo presentes em diversas espécies animais, assim como participam no
organismo humano de processos inflamatérios e resposta imune, além de estarem relacionadas ao
desenvolvimento de convulsdes, hipotensdo, hemdlise e hemorragia (CARVALHO et al., 2013;
PONCE-SOTO et al., 2009).

As fosfolipases de pegonhas de serpentes tém sido investigadas ndo apenas por apresentar
uma variedade de efeitos bioldgicos, geralmente responsaveis por danos musculares e outros

papeis toxicos e digestivos importantes na captura e imobilizacdo de presas (MARCUSSI et al.,
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2013; SCHALOSKE; DENNIS, 2006), mas também devido a sua acessibilidade, facilidade de
purificacdo e sua semelhancga com as fosfolipases de mamiferos.

Apesar de possuirem elevada identidade e uma simplicidade molecular aparente, estas
toxinas exercem inumeros efeitos farmacoldgicos, através de mecanismos que podem ser
dependentes e/ou independentes de sua atividade enzimatica, como neurotoxicidade,
cardiotoxicidade, citotoxicidade, indugdo de edemas, miotoxicidade, inflamagéo e efeito sobre
plaquetas (ALMEIDA et al., 2016; CASTILLO et al., 2012; GUTIERREZ; LOMONTE, 2013).

A caracterizacdo destas enzimas, funcionalmente versateis, desperta o interesse médico-
cientifico devido ao numero de aplicacfes potenciais para a compreensao de envenenamento,
fazendo diagndsticos clinicos, desenvolvendo estratégias terapéuticas e utilizando estas toxinas
como ferramentas moleculares e biotecnoldgicas em estudos fisiopatologicos, taxondmicos e
ecologicos como parametros para ensaios hemostaticos (ALMEIDA et al., 2016; CALDERON et
al., 2014; CARVALHO et al., 2013).

Diversos extratos vegetais ja foram estudados como potentes inibidores de fosfolipases,
como por exemplo, Pentaclethra macroloba (SILVA et al.,, 2005), Bauhinia forficata
(OLIVEIRA et al., 2005), Casearia sylvestris (SILVA et al., 2008), Eclipta alba (DIOGO et al.,
2009), Hypericum brasiliense (ASSAFIM et al., 2011) e Bellucia dichotoma Cogn. (MOURA et
al., 2017), bem como compostos isolados tais como flavonoides (BELCHOR et al., 2017;
LATTIG et al., 2007; SOARES et al., 2005; YARLA et al., 2015), cumestanos (MORS et al.,
2000; NUNOMURA et al., 2009) e alcaloides (BATINA et al., 2000). Portanto, o conhecimento
estrutural e funcional destes inibidores naturais de fosfolipases possibilitaria a utilizacdo futura

como modelos para inibidores sintéticos de aplicacdo na industria farmacéutica.

3.6.2 Proteases e sua acao sobre a coagulacdo sanguinea

As proteases estdo naturalmente presentes em peconhas de serpentes e sdo responsaveis
por alguns efeitos locais e sistémicos do envenenamento, sendo normalmente capazes de
promover a hidrolise das proteinas fibrinogénio e fibrina, o que resulta na incoagulabilidade do
sangue e na fibrindlise, respectivamente (COSTA et al., 2010). Essas enzimas podem atuar sobre

diversos substratos proteicos exercendo acdo sobre componentes de membranas celulares,


https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A4ttig%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17701137
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proteinas sanguineas, teciduais e aquelas que compdem a lamina basal (ex: laminina, fibronectina
e colageno) (BALDO et al., 2010; MARKLAND JR; SWENSON, 2013).

Entre as proteases destacam-se as serinoproteases que atuam de forma seletiva sobre
fatores da cascata de coagulacdo, com efeito na agregacdo plaquetaria, fibrindlise e coagulacao, e
as metaloproteases, que sdo responsadveis por hemorragias, mionecrose e danos teciduais
contribuindo para a perda de funcdo ou amputagdo do membro atingido e inflamacdo local
(GUTIERREZ et al., 2010; OLIVEIRA et al., 2016).

As serinoproteases de peconhas de serpentes sdo amplamente caracterizadas quanto as
suas agdes sobre o sistema hemostatico. Possuem massa molecular entre 26-67 kDa que varia de
acordo com o contetido de carboidratos associados a ela (SERRANO; MAROUN, 2005). Essas
enzimas apresentam um perfil farmacoldgico altamente diversificado, o que inclui acdes sobre as
proteinas da cascata de coagulacéo, tais como a atividade do tipo trombina sobre o fibrinogénio, a
ativacdo do factor V e da proteina C, a fibrinogendlise, a ativacdo do plasminogénio e a inducgéo
da agregacdo plaquetaria. Por atuarem diretamente na conversdo do fibrinogénio plasméatico em
fibrina, sem o envolvimento da trombina end6gena, as serinoproteases sao geralmente conhecidas
como trombina-like (MARKLAND, 1998; SERRANO; MAROUN, 2005). Na figura 8 estdo
apresentados os locais de acdo mais frequentes das serinoproteases.
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Figura 8 — Locais de atuacdo de serinoproteases de pegonhas de serpentes que afetam a
coagulagdo sanguinea.
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As metaloproteases de peconhas de serpentes participam do processo hemorragico pela
degradacdo de componentes da membrana basal da microvasculatura envolvida na manutencéo
da estrutura e integridade capilar, levando a ruptura de redes capilares, edema e hemorragia
(ESCALANTE et al., 2011; GUTIERREZ et al., 2010; KINI; KOH, 2016). Possuem dois locais
caracteristicos de acdo no sistema hemostatico. O primeiro é sobre o Fator X, o qual é
prontamente convertido em Fator Xa (forma ativada), promovendo uma acdo coagulante. O

segundo local € sobre a protrombina, convertendo-a em sua forma ativada, a trombina (Figura 9).
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Figura 9 — Locais de atuacdo de metaloproteases de peconhas de serpentes que afetam a
coagulacdo sanguinea.
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As metaloproteases sdo enzimas que dependem de fons metalicos (Zn**) para exercerem
sua funcdo catalitica, se dividem em trés classes principais (P-1 a 111) de acordo com a presenca
de diferentes dominios, sendo que a classe P-1 apresenta apenas um dominio metaloprotease, P-II
apresenta dominio metaloprotease e desintegrina, P-11I possui dominio metaloprotease,
desintegrina e outro rico em cisteina. Possuem massas moleculares que variam de 25 kDa a
valores um pouco maiores que 100 kDa (FOX; SERRANO, 2008; GUTIERREZ et al., 2010).

Essas enzimas apresentam atividade fibrinogenolitica, dessa forma, sdo susceptiveis a
serem utilizadas no tratamento da trombose, uma vez que diminuem o fibrinogénio e solubilizam
0s coagulos de fibrina, alem de serem promissoras ao tratamento de doencgas cardiovasculares,
que é a maior causa de mortalidade no mundo (COSTA et al., 2010; JACOB-FERREIRA et al.,
2016; MARCUSSI et al., 2007).

As metaloproteases presentes nas peconhas de serpentes apresentam funcdes enzimaticas
similares as proteases enddgenas humanas, principalmente as atuantes nos processos de

coagulacdo e agregacdo de plaquetas, assim diversos trabalhos relatam a acdo dessas enzimas
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sobre células e moléculas que compdem o sistema hemostatico (BERNARDONI et al., 2014,
BRAUD; BON; WISNER, 2000, GAY et al., 2009; KINI; KOH et al., 2016), alterando a
coagulacao sanguinea e consequentemente interferindo na hemostasia (SERRANO; MAROUN,
2005; TAKEDA; TAKEYA; IWANAGA, 2012). Dessa maneira, a alta seletividade destas
proteinas nos fatores individuais da coagulagdo sanguinea, tornam-as ferramentas potencialmente
Uteis para estudar os mecanismos de acdo, a regulacéo e as relagdes estrutura-funcdo dos fatores
de coagulacdo na presenca de diferentes compostos, possibilitando assim, aplicacbes futuras
destes na terapéutica de doencgas humanas.

Diversos inibidores naturais de proteases ja foram isolados de plantas e animais, a fim de
serem utilizados no controle de varios processos patologicos, tais como trombose, hemorragia e
cancer (MELLO et al., 2006), porém os mecanismos de interacbes entre enzimas e compostos
naturais sdo pouco descritos e requerem amplos estudos de caracterizacao estrutural e funcional
(MOURA et al., 2016).

Silva et al. (2007) verificaram que o extrato de Pentaclethra macroloba foi capaz de
neutralizar as atividades hemorragicas, fibrinogenoliticas e proteoliticas das metaloproteases de
classe P-I e P-Ill isoladas de peconhas de Bothrops neuwiedi e B. jararacussu. Os extratos de
Renealmia alpinia inibiram parcialmente a atividade hemorragica induzida por uma
metaloprotease isolada de B. atrox e também se mostraram eficazes contra as atividades
induzidas por uma serinoprotease de Crotalus durissus cumanensis (PATINO; BENJUMEA,;
PEREANEZ, 2013).

A inibicdo de diferentes proteases de forma especifica sugere o potencial de uso dos
inibidores como agentes terapéuticos para as mais variadas enfermidades, visto que, as proteases
podem atuar na hidrélise de fatores da cascata de coagulacao, quebra de fibrinogénio e/ou fibrina,
participam ativamente na regulacdo da hemostasia, estando diretamente envolvidas em processos
inerentes a defesa do organismo (ex: manutencdo da fluidez sanguinea e estancamento de

hemorragias) assim como no desenvolvimento de diversas patologias (ex: isquemias e trombose).


http://www.sciencedirect.com/science/article/pii/S0378874113005345
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4 CONSIDERACOES FINAIS

As plantas medicinais apresentam potencial de utilizacdo terapéutica por serem fontes
ricas de compostos bioativos, sendo estes uma alternativa viavel para o desenvolvimento de
drogas eficazes e seguras para auxiliar na prevencdo e tratamento de doengas como trombose,
obesidade, diabetes e diversas outras com origem inflamatdria.

Neste trabalho observou-se que os extratos, aquoso e etandlico, das espécies vegetais
Achyrocline satureioides (Lam.) DC (marcela), Echinodorus macrophyllus (chapéu de couro) e
Lippia sidoides (alecrim-pimenta) mostraram grande diversidade de fitoquimicos com potenciais
para serem utilizados em preparacGes farmacoldgicas com possiveis beneficios a salde. Os
compostos fenolicos presentes nessas plantas apresentaram efeitos moduladores (por inibicdo ou
potencializacdo) sobre a atividade de diferentes enzimas, como as fosfolipases A,, proteases e
enzimas digestivas. A avaliagdo toxicoldgica revelou que os extratos vegetais apresentaram efeito
antigenotoxico, nas condicOes avaliadas.

No entanto, estudo complementares poderdo definir formas adequadas, indicacéo,

administracdo e dosagem, para seu uso terapéutico de forma eficaz e segura.
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Abstract: Medicinal plants have been widely studied for the development of new drugs. The
large number of therapeutic indications and the efficacy of these materials results in a basis for
the scientific evaluation, aiming to validate formulations, dosages, and forms of administration
that are beneficial and safe for human health. Achyrocline satureioides is popularly known by its
richness in phenolic compounds and by its medicinal properties (anti-inflammatory, analgesic,
and hepatoprotective). In the present study, aiming to broaden the knowledge about the
pharmacological potential exerted by these extracts, aqueous and ethanolic extracts of A.
satureioides were characterized by HPLC and tested for their modulatory action on
phospholipases A, and proteases of snake venoms (involved in inflammatory processes and blood
coagulation). In addition, it has also been tested on activities of digestive enzymes. Snake venoms
were used as tools since they have enzymes with high functional and structural homology to
human enzymes. The results demonstrate that the extracts of A. satureioides work as enzymatic
inhibitors or potentiators, interfering in processes related to the homeostasis, such as coagulation,
thrombus dissolution, and fibrinogenolysis. In addition, they highlights its anti-genotoxic
potential and the inhibitions exerted on digestive enzymes directing their potential of use in the
prevention and/or treatment of several pathologies. New studies could provide information on the
mechanisms of interactions between the compounds present in the extracts and the different

enzymes, allowing human consumption of these to be effective and safe.

Keywords: medicinal plants, enzymatic inhibitors, toxins as tools, comet assay, hemostasis.
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1. INTRODUCTION

The plants are responsible for the synthesis of bioactive compounds that can often be used
in the elaboration of an extensive range of drugs. Several are the mechanisms by which these
compounds exert their effects, and among them, the antioxidant, the anti-inflammatory, the
enzyme-inhibiting, and the protective actions on the genetic material stand out. Although the
compounds present in medicinal plants have many beneficial effects on human health, in some
situations they may induce toxic, genotoxic, and carcinogenic effects [1, 2].

Bioactive compounds, as they have pharmacological properties, have been investigated as
enzymatic modulators, aiming at therapeutic applications in the prevention and treatment of
several diseases.

Venoms are mainly composed of enzymes such as phospholipases A,, metalloproteases,
and serine proteases. They affect vital physiological functions, by altering the hemostasis, and the
inflammatory and immune responses [3]. In addition, many of these enzymes have a high degree
of structural and functional homology with the ones present in the human organism, thus
allowing their use as tools to simulate possible interactions of natural compounds with different
enzymes.

Among the plants in Brazil, Achyrocline satureioides (Lam.) DC (family Asteraceae),
known as 'marcela’ or 'macela,’ is widely used in folk medicine in the form of tea for the
treatment of digestive and inflammatory problems. From a pharmacological point of view, the
extract of A. satureioides presents anti-inflammatory and analgesic activities and sedative effect,
being also indicated for the treatment of gastrointestinal dysfunctions due to its hepatoprotective
and antispasmodic activities [4, 5]. Thus, the species A. satureioides can be used as an alternative
to some conventional medicines.

In order to increase this knowledge, the effects of its extracts on hemostasis and
enzymatic activities (phospholipases A,, proteases and digestive enzymes) were evaluated. Thus,
a toxic-pharmacological characterization of the aqueous and ethanolic extracts of leaves of A.

satureioides was carried out in the present work.
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2. MATERIALS AND METHOD
2.1. Sample collection and preparation of aqueous and ethanolic extracts

Dry leaves of Achyrocline satureioides (Lam.) DC were purchased at a local commerce in
Lavras-MG (21° 14'S, 45° 00'W and 918 m altitude), in April 2016 (lot number 1511122293).
The leaves were milled in a Wiley mill and the obtained flour was used to prepare the extracts in
two different solvents: water (30 minutes infusion in ratio 1:25; w:v) and 70% ethanol (at room
temperature by static maceration during 15 days). The extracts were filtered and the supernatants
collected. The aqueous extract was frozen and then lyophilized. The hydroalcoholic extract was

subjected to removal of the solvent on a rotary evaporator (at 45 °C), then frozen and lyophilized.

2.2. Phytochemical screening

The aqueous and ethanolic extracts of A. satureioides (Lam.) DC leaves were submitted to
phytochemical screening, using specific reagents for each chemical group and chemical reactions
that resulted in coloration and/or precipitation that was characteristic for each class of substances
[6]. Organic acids, alkaloids, azulenes, carotenoids, catechins, depsides and depsidones, coumarin
derivatives, steroids and triterpenoids, flavonoids, cardiac glycosides, sesquiterpene lactones and

other lactones, saponins, purines, and tannins were investigated.

2.3. Determination of the extracts phenolic composition by HPLC

Chromatographic analysis was performed using a Shimadzu HPLC high-performance
liquid chromatograph system, equipped with two LC-20AT high-pressure pumps, a UV-visible
detector model SPD-M20A, oven model CTO-20AC, an interface model CBM-20A, and an
automatic injector with auto-sampler model SIL-20A. Separations were performed using a Shim-
pack VP-ODS-C18 (250 mm x 4.6 mm) column connected to a Shim-pack Column Holder (10
mm X 4.6 mm) pre-column.

The lyophilized extracts, dissolved in water (1:20, w:v), and the phenolic standards were
filtrated in a 0.45um membrane (Millipore®) and injected into the chromatograph. The analyzes
were carried out according to Marques et al. [7].

The phenolic compounds were identified by comparison with the retention times of the
standards. The standards used were: ferulic acid, salicylic acid, syringic acid, gallic acid, caffeic
acid, p-coumaric acid, vanillic acid, chlorogenic acid, epicatechin, catechin, epigallocatechin
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gallate, resveratrol, and quercetin. The quantification was performed through the construction of
analytical curves obtained by linear regression, considering the coefficient of determination (R?)
of 0.99.

2.4. Snake venoms

The crystallized crude venoms were commercially purchased from the serpentarium
Bioagents (Batatais-SP). The venoms were weighed and dissolved in phosphate buffered saline
(PBS, pH 7.4) to perform the assays.

All the venoms were previously evaluated in different doses, in all the tests, to define the
minimum doses that induce the activities. Thus, different venoms were assigned to evaluate the

inhibitory effect of A. satureioides extracts, considering the most effective ones for each assay.

2.5. Obtaining human blood

The blood used to the hemolytic, thrombolytic, and coagulation activities and the comet
assay were obtained from healthy volunteers, and collected in tubes containing heparin (for
hemolytic activity and comet test), citrate (for coagulant activity), or without anticoagulant (for
thrombolytic activity).

All tests using human cells or blood components were carried out with the prior
authorization of the Ethics Committee on Human Research (COEP) of the Federal University of
Lavras (UFLA), under the registration number: CAAE:56628316.0.0000.5148.

2.6. Phospholipase and hemolytic activity

The phospholipase and hemolytic activities were evaluated in a solid medium as described
by Gutiérrez et al. [8]. The gel for the evaluation of the phospholipase activity was prepared with
0.01 mol L™ CaCly; egg yolk lecithins 1:3 (v:v); phosphate buffer saline (PBS), pH 7.4; 1%
bacteriological agar; and 0.005% sodium azide, with the medium being poured at 45-50 °C into
Petri dishes. After gel solidification, treatments were applied in small holes made in the gel and
the plates were maintained in cell culture chamber for 12 hours at 37 °C.

Phospholipase A, assays were performed using venoms of Bothrops atrox, B.

jararacussu, and B. moojeni (30 pg). Each venom was preincubated with the aqueous or
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ethanolic extracts of A. satureioides (Lam.) DC for 30 minutes at 37 °C in the ratios of 1:0.1,
1:0.5, 1:1, 1:2.5, 1.5, 1:10, and 1:20 (venom:extract, w:w).

For the hemolytic activity, the gel was prepared by replacing the egg yolk lecithins with a
concentrate of erythrocytes obtaining a hematocrit of 1%. The blood was centrifuged at 700 x g
for 5 minutes. Plasma was then removed, and the erythrocytes were suspended in 5 mmol L™ of
PBS, pH 7.4 and centrifuged under the same conditions. This washing step was repeated twice, in
order to obtain the erythrocytes concentrate. Inhibition of hemolytic activity was evaluated for
the B. jararacussu, B. moojeni, and Crotalus durissus terrificus venoms (50 ug) preincubated
with the extracts of A. satureioides (Lam.) DC for 30 minutes at 37 °C in the ratios of 1:0.05,
1:0.1; 1:0.5; 1:1, 1:2.5, and 1:5 (w:w).

For both tests, controls containing only venom or plant extract (600 png) were evaluated.
The diameter of translucent halo around the hole in the gel was measured and the results were
converted in percentage (%). The controls containing only venoms, were considered as 100% of

activity.

2.7. Thrombolytic activity

The thrombolytic activity was assessed on human blood clots formed in vitro according to
the methodology described by Cintra et al. [9]. The clots were incubated for 24 hours at 37 °C
with samples containing B. moojeni and Lachesis muta muta (40 ug), PBS, or venom previously
incubated (30 minutes at 37 °C) with extracts of A. satureioides in the ratios of 1:0.5, 1:1, 1:2.5,
and 1:5 (venom:extract, w:w). The activities were estimated by measuring the volume of fluid
released by each thrombus. Controls containing only venoms were considered as 100% of
activity and the average value obtained in the negative control (PBS) was subtracted from other

treatments. Controls containing only extracts were also evaluated.

2.8. Coagulant activity

To evaluate the effects of A. satureioides extracts on venom-induced coagulation, the
extracts were preincubated with B. moojeni and L. muta muta venoms for a period of 10 minutes
at 37 °C in the ratios of 1:0.5, 1:1, 1:2.5, 1:5, and 1:10 (venom:extract, w:w). Then, the incubated
samples were added to the citrated plasma (200 uL; 37 °C water bath) and timed until clot

formation [10]. Controls containing only extracts were also evaluated. The minimum coagulant
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dose for each venom was previously defined as the smaller amount of venom capable of inducing
coagulation in a range between 50 and 180 seconds [11].

The results of the treatments different from the controls in values equal to or greater than
10 seconds were considered as significant, since this time is enough to trigger the activation of

prothrombin (10 to 14 seconds, according to a coagulogram data).

2.9. Fibrinogenolytic activity

A reducing polyacrylamide gel electrophoresis was used for the evaluation of the
fibrinogenolysis, previously described by Laemmli [12]. Protease inhibition assays were
performed with the preincubation of the B. moojeni venom (50 pg) with the extracts of A.
satureioides in the ratios of 1:0.5, 1:1, 1:2.5, and 1:5 (venom:extract; w:w), for 30 minutes at
37°C. Fibrinogen was then added to the samples and remained in the water bath, for another 90
minutes. The samples were analyzed in 12% polyacrylamide gel (w:v), allowing observation of
the o, B, and y chains of the fibrinogen. Controls containing venom and fibrinogen or only

fibrinogen were also evaluated.

2.10. Comet assay

The comet assay was used to detect damage to DNA molecules of leukocytes. The
treatments containing L. muta muta venom (50 pg in 300 pL of PBS) with the extracts of A.
satureioides in the ratios of 1:0.5 and 1:1 (venom:extract; w:w), previously incubated for 30
minutes at 37 °C. The treatments were then added to 300 pL of blood and kept in a cell culture
chamber for 4 hours at 37 °C. From the incubated, 75 pL aliquots were transferred to tubes
containing 225 pL of LMP agarose (low melting point). 3 slides per treatment, 100 puL per slide,
were prepared, as described by Nandhakumar et al. [13]. The slides were submitted to osmotic
lysis following with electrophoresis run at 30V and 300mA for 30 minutes. After that, the
nucleoids remained in neutalization solution (0.4 M Tris-HCI, pH 7.4) for 25 minutes and then
were fixed with ethanol and visualized after staining with propidium iodide using a
epifluorescence microscopy. Analysis of nucleotide fragmentation levels was performed
according to classes described by Collins et al. [14], with some adaptations: class 0, damages <
5%; class 1, damages between 5 and 20%; class 2, damages between 20 and 40%; class 3,

damages between 40 and 85%; and class 4, damages > 85%.
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2.11. Kinetic tests with digestive enzymes: with or without simulated gastric fluid
2.11.1. Obtaining Enzymes

The following enzymes were used in these assays: porcine pancreatic lipase (EC 3.1.1.3)
type 1I, Sigma; porcine pancreatic a-amylase (EC 3.2.1.1) type VI B, Sigma; and porcine
pancreatic trypsin (EC 3.4.21.4), Merck. The a-glycosidase (EC 3.2.1.20) was obtained from
fresh porcine duodenum according to Simao et al. [15]. The aqueous and ethanolic extracts of A.

satureioides were prepared at the concentration of 25 g L™.

2.11.2. a-Amylase Activity

The a-amylase activity was determined according to the methodology described by
Noelting and Bernfeld [16]. 50 uL of the aqueous and ethanolic extracts of A. satureioides were
preincubated with 50 uL of the a-amylase enzyme for 20 minutes in a water bath at 37 °C. The
substrate was 1% starch, prepared in 0.05 mol L™ Tris buffer, pH 7.0, with 38 mmol L™ NaCl and
0.1 mmol L CaCl,. After that, 100 pL of the substrate was added and the mixture was incubated
for four different time periods (10, 20, 30, and 40 minutes). The reaction was interrupted with the
addition of 200 pL of 3,5-dinitrosalicylic acid and the product measured in a spectrophotometer

at the wavelength of 540 nm.

2.11.3. a-Glycosidase Activity

The a-glycosidase activity was determined according to Kwon et al. [17], using 5 mmol
L™ p-nitrophenyl-a-D-glucopyranoside in a 0.1 mol L™ citrate-phosphate buffer, pH 7.0, as
substrate. In the assay, the aqueous and ethanolic extracts and the a-glycosidase enzyme were
incubated in a water bath, at 37 °C, for four different time periods (10, 20, 30, and 40 minutes).
Only then the substrate was added. The reaction was interrupted adding 1,000 pL of 0.05 mol L™
NaOH and the product (p-nitrophenol) was measured in a spectrophotometer at the wavelength of
410 nm.

2.11.4. Lipase Activity
The lipase activity was determined according to Souza et al. [18], using 8 mmol L™ p-
nitrophenylpalmitate in a 0.05 mmol L™' Tris—HCI buffer, pH 8.0, containing 0.5% Triton X-100,

as substrate. In the assay, the extracts and the lipase enzyme was incubated in a water bath, at
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37°C, for four different time periods (10, 20, 30, and 40 minutes). After the incubation, the
substrate was added. The reaction was stopped transferring the tubes to an ice bath and adding
0.05 mmol L™ Tris—HCI buffer, pH 8.0. The p-nitrophenol (yellow-colored product of the lipase
action on p-nitrophenylpalmitate) was measured in a spectrophotometer at the wavelength of 410

nm.

2.11.5. Trypsin Activity

The trypsin activity was determined according to the methodology described by Erlanger
et al. [19]. Thus, the aqueous and ethanolic extracts and the trypsin were incubated in a water
bath at 37 °C, for different time periods (10, 20, 30, and 40 minutes). Only then, the p-benzoyl-
D-L-arginine-p-nitroanilide (BAPNA) substrate, prepared in 0.05 mol L™ Tris, pH 8.2, was
added. The reaction was interrupted adding 200 puL of 30% acetic acid and the product was
measured in a spectrophotometer at a wavelength of 410 nm.

2.11.6. Preparation of Simulated Gastric Fluid

In the presence of a simulated gastric fluid, in vitro enzymatic activity were also carried
out in order to simulate the digestion process in the stomach. Thus, the extracts were incubated
with the simulated gastric fluid prepared according to The United States and Pharmacopeia [20],
for 1h in a water bath at 37 °C. Subsequently, it was neutralized (pH 7.2) with sodium

bicarbonate salt and only then the activity assays were performed.

2.11.7. Data Analysis

To obtain 40 to 80% of enzyme inhibition on each enzymatic activity assay, the
concentrations and dilutions of the aqueous and ethanolic extracts were different.

The enzymes inhibition were obtained from the determination of the slopes of the straight
lines (absorbance x time) corresponding to values obtained for the control enzyme (without
extracts) and enzymes + inhibitor (with aqueous or ethanolic extracts) in the activity assays. The
slope of the straight line corresponds to the speed of product formation per minute of reaction,
and the presence of the inhibitor causes a decrease of this inclination. The absorbance values
were converted into micromoles of product based on data obtained from a standard curve

elaborated with glucose for the amylase and with p-nitrophenol for glycosidase and lipase. For
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trypsin, the molar extinction coefficient of BAPNA was determined according to Erlanger et al.
[19].
2.12. Statistical analysis

The results were presented as the mean of the triplicates + standard deviation obtained in
three independent assays. The significance of the difference between the means was determined
by the analysis of variance, followed by Tukey’s test when the treatments were compared with
the control, with the help of the statistical software [21]. The results were considered statistically

significant when p < 0.05.

3. RESULTS AND DISCUSSIONS

The phytochemical analysis of the species Achyrocline satureioides carried out in other
works showed that this plant is rich in flavonoids [22, 23] and saponins [24]. The results of the
phytochemical screening showed the presence of different groups of metabolites, in the ethanolic
extract of A. satureioides, which have pharmacological interest, in which catechins, flavonoids,
coumarins, alkaloids, and saponins are among them. On the other hand, only flavonoids,
depsides, and depsidones were detected in the aqueous extract (Table 1).

The contents of phenolic compounds in the aqueous and ethanolic extracts of A.
satureioides, obtained by HPLC analysis, are also shown in Table 1. The aqueous extract
presented higher phenolic contents than those obtained for the ethanolic extract but had a
different chemical composition, represented by the absence of chlorogenic acid, catechins,

derivatives of coumarins, saponins, and alkaloids (Table 1).



69

Table 1. Screening phytochemical and phenolic compounds content in aqueous and ethanolic
extracts of Achyrocline satureioides.
Classes of secondary metabolites detected in Achyrocline satureioides extracts by
phytochemical screening
Chemical constituents Aqueous extract Ethanolic extract

Organic acids () )
Polysaccharides () )
Tannins () )
Catechins ) (+)
Flavonoids (+) (+)
Cardiac glycosides () )
Azulenes O] )
Carotenoids () )
Sesquiterpene lactones and ) )
other lactones
Steroids and triterpenes (-) )
Depsides and depsidones (+) (-)
Coumarin derivatives (-) (+)
Saponins () (+)
Alkaloids (-) (+)
Purine (- ()
Phenolic compounds identified in Achyrocline satureioides extracts by HPLC
Phenolic Compounds Aqueous extract Ethanolic extract
(mg 100g™)
Gallic Acid 14.05+0.11 0.98 + 0.03
Catechin 75.98 + 0.90 53.90 + 0.27
Epigallocatechin Gallate 577.06 + 14.89 162.44 + 3.59
Chlorogenic Acid n.i 76.48 + 1.46
Caffeic Acid 53.14 + 2.05 121.41 £1.99
Syringic Acid 554 +0.11 4.75+0.71
p-Coumaric Acid 3492+ 141 0.95+0.01
Salicylic Acid 1,370.40 £ 12.02 139.82 + 1.69
Quercetin 0.08 £ 0.00 0.26 £ 0.00
> Phenolic Compounds 2,131.17 560.99

The results correspond to the means of triplicates and the calculated standard deviations. n.i = not
identified.

The aqueous extract had a greater content of salicylic acid, followed by epigallocatechin
gallate and catechin. On the other hand, the ethanolic extract had a higher content of
epigallocatechin gallate, followed by salicylic acid and caffeic acid (Table 1). Salgueiro et al.

[23] identified the phenolic compounds isoquercitrin, quercetin, and caffeic acid as major
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phenolic compounds present in the aqueous extract of A. satureioides collected in the Brazilian
Pampa biome, on the Brazilian-Uruguay-Argentina border.

Phenolic compounds, due to their antioxidant properties, have played an essential role in
protecting against diseases such as cancer, diabetes, degenerative diseases, as well as reducing
the risk of gastrointestinal and cardiovascular diseases [25, 26]. These compounds have also been
investigated as powerful enzyme inhibitors on the toxic and/or pharmacological effects induced
by snake venoms [27, 28].

Among the phenolic compounds, flavonoids have high medical-scientific interest because
of their anti-inflammatory, and hypocholesterolemic properties. Thus, they have the ability to
inhibit specific enzymes, stimulate certain hormones and neurotransmitters, and attack free
radicals [29].

The flavonoid epigallocatechin gallate is able to inhibit enzymatic activities and signal
transduction pathways that have important roles in inflammation and destruction of joints in
arthritis [30]. Quercetin and catechin have anti-inflammatory and antithrombogenic properties.
The interaction with different enzymatic systems and the elimination of free radicals, in addition
to the inhibition of the arachidonic acid metabolism, are the main anti-inflammatory effects of
flavonoids [31]. Regarding the antithrombogenic effects, the flavonoids act inserting themselves
in the active site of the thrombin and blocking its activity [32].

3.1. Phospholipase and hemolytic activity

The phospholipase activity (%) induced by B. atrox (A), B. jararacussu (B), and B.
moojeni (C) snake venoms previously incubated with aqueous and ethanolic extracts of
Achyrocline satureioides, is shown in Figure 1. The aqueous extract, in the lowest ratios (1:0.1,
1:0.5, and 1:1, w:w), increased the phospholipase activity (between 8 and 25%) induced by the B.
atrox venom. However, in the highest ratios (1:10 and 1:20), it exerted an inhibition of 13% of
activity induced by this venom. The ethanolic extract increased the effect of the same venom in
6.5%, 25%, and 12.5% when evaluated in the ratios of 1:0.5, 1:1, and 1:2.5 (w:w), respectively
(Figure 1A).

For the phospholipase activity induced by the B. jararacussu venom, the aqueous extract
of A. satureioides presented significant inhibition (7%) only in the ratio of 1:0.5 (w:w). However,
the ethanolic extract increased the activity of this venom by 7% in the ratio of 1:20 (Figure 1B).
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Significant inhibitions (6% and 12%) were observed to the B. moojeni venom after
incubation with the aqueous extract in the ratios of 1:10 and 1:20 (w:w), respectively. However,
the ethanolic extract increased the activity of this venom by 6% in all ratios evaluated (Figure
1C).
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Figure 1. Phospholipase activity (%) induced by Bothrops atrox (A), Bothrops jararacussu (B),
and Bothrops moojeni (C) snake venoms, previously incubated with the aqueous and ethanolic
extracts of Achyrocline satureioides. Controls (+) containing only the venoms (30 pg) were
considered as 100% activity. The results correspond to the means of the triplicates obtained to
each ratio (venom:extract, w:w) and their standard deviations. * statistically different from its
respective positive control by the Tukey test (p < 0.05). a. Inhibitory effect on the venom activity.
b. Potentiating effect on the venom activity.

Phospholipases A, are considered as important regulators of the arachidonic acid pathway
through which pro-inflammatory mediators such as prostaglandins, leukotrienes, and
thromboxanes are released. They are responsible for triggering inflammatory processes and
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changes in hemostasis [33]. These enzymes are also involved in several diseases such as cancer
[34], atherosclerosis [35], and neurodegenerative diseases [36].

Several plant extracts have already been described to have inhibitory activity on
phospholipases, such as Jatropha gossypiifolia [37], Bellucia dichotoma Cogn. [38], and Psidium
guajava [39]. Groups of isolated metabolites have also been studied and showed powerful
inhibitions of phospholipases. For example, tannins [40], alkaloids [41], and flavonoids [42] are
among them. According to Moura et al. [40], tannins can form complexes with calcium, which is
a cofactor of phospholipases A, and various enzymes involved in the coagulation cascade. On the
other hand, flavonoids have the ability to bind to the amide groups of different proteins by strong
hydrogen bonds [43].

In this context, the inhibition of phospholipases A, by natural compounds is of great
scientific importance, as it makes it possible to prospect mechanisms of action of plant molecules
present in therapeutic formulations used for the treatment of various diseases.

The cytotoxicity test on human erythrocytes was performed with the extracts and, under
the conditions evaluated, no induction of hemolysis was detected. Subsequently, changes in the
hemolytic activity induced by snake venoms were observed (Figure 2).

The aqueous extract of A. satureioides increased the hemolysis induced by the venom of
B. jararacussu by 67% when evaluated in a ratio of 1:0.5 (w:w) and by 75% in the ratios of 1:1
and 1:2.5 (w:w). However, this activity was partially inhibited (18%) when evaluated in the ratio
of 1:5 (w:w). Although significant changes in the activity of the venom in the presence of the
aqueous extract were observed, the ethanolic extract had a greater modulatory potential on the
hemolytic action induced by this venom, inhibiting 100% of its activity in all ratios analyzed
(Figure 2A).

Previous incubation of the A. satureioides aqueous extract with the B. moojeni venom
resulted in inhibition of approximately 100% in all the ratios between 1:0.05 and 1:2.5 (w:w) and
50% in a ratio of 1:5 (w:w). However, its ethanolic extract exerted significant inhibitions of 25%,
27%, 29%, and 31% in the ratios of 1:0.05, 1:0.1, 1:0.5, 1:1 (w:w), respectively, and 100% in
proportions of 1:2.5 and 1:5 (w:w) (Figure 2B).

For the venom of C. durissus terrificus, the aqueous extract of A. satureioides enhanced

the venom-induced hemolytic activity at the lowest ratios (1:0.05 and 1:0.1; w:w) by 88%, but
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exerted 100% inhibition in the ratios of 1:1, 1:2.5, and 1: 5 (w:w). The ethanolic extract, on the

other hand, induced inhibitions close to 100% in all proportions evaluated (Figure 2C).
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Figure 2. Hemolytic activity (%) induced by Bothrops jararacussu (A), Bothrops moojeni (B),
and Crotalus durissus terrificus (C) snake venoms, previously incubated with the aqueous and
ethanolic extracts of Achyrocline satureioides. Controls (+) containing only the venoms (50 pg)
were considered as 100% activity. The results correspond to the means of the triplicates obtained
to each ratio (venom:extract, w:w) and their standard deviations. * statistically different from its
respective positive control by the Tukey test (p < 0.05). a. Inhibitory effect on the venom activity.
b. Potentiating effect on the venom activity.

The enzymes involved in the hemolytic activity are the phospholipases A, (responsible for
the breakdown of phospholipids that make up the cell membranes) and serine proteases and
metalloproteases, that degrade membrane proteins. The action of these enzymes destabilizes the

membrane structure and modify the flow of ions and the intracellular metabolism, causing the
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rupture of the erythrocytes [33]. Therefore, the inhibition of hemolytic activity is also a proof of
the action potential of the extracts evaluated on the inflammatory response and the blood
coagulation cascade.

The inhibition of the hemolysis by A. satureioides extracts can be exerted by different
compounds present in this plant, which can act in synergism and through different mechanisms.
Considering the mechanisms described in literature, we can suggest: the chelation of divalent
ions; the formation of complexes with ions such as Zn** and Ca** that act as cofactors for several
enzyme classes; the direct binding of the compounds to the catalytic site or to other regions of the
enzymes impeding the binding to the cofactor or altering other biological activities exercised by
them [44].

3.2. Thrombolytic activity

The thrombolytic activity induced by snake venoms of the species B. moojeni and
Lachesis muta muta, previously incubated with the aqueous and ethanolic extracts of A.
satureioides, is shown in Figure 3. The A. satureioides aqueous extract promotes inhibitions of
37% and 47%, at the ratios of 1:2.5 and 1:5 (w:w), respectively on the activity induced by B.
moojeni venom. However, the ethanolic extract induced an increased the thrombolytic activity by
46% and 65% for the ratios of 1:2.5 and 1:5 (w:w), respectively (Figure 3A).

The aqueous extract of A. satureioides significantly inhibited thrombi lysis induced by the
L. muta muta venom in 41% and 54% at the ratios of 1:2.5 and 1:5 (w:w), respectively. The
highest concentrations were responsible for the most significant inhibitions, possibly due to the
concomitant increase in the concentration of the phenolic compounds present in the extract. On
the other hand, the ethanolic extract significantly enhanced the thrombolytic activity induced by
the same venom in the lowest evaluated ratios, thus demonstrating modulating action on

proteases present in this venom (Figure 3B).
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Figure 3. Thrombolytic activity (%) induced by Bothrops moojeni (A) and Lachesis muta muta
(B) snake venoms, previously incubated with the aqueous and ethanolic extracts of Achyrocline
satureioides. Controls (+) containing only the venoms (40 pg) were considered as 100% activity.
The results correspond to the means of the triplicates obtained to each ratio (venom:extract, w:w)
and their standard deviations. * statistically different from its respective positive control by the
Tukey test (p < 0.05). a. Inhibitory effect on the venom activity. b. Potentiating effect on the
venom activity.

Thrombosis occurs when a blood clot is formed inside the blood vessels from abnormal
hemostatic conditions, due to the uncontrolled action of thrombin on fibrinogen or excess
production of thrombin [45]. These disorders, related to the imbalance between fibrin formation
and fibrinolysis, are the main responsible for the high rate of morbidity and mortality. Thus, it is
necessary to evaluate natural compounds that act inhibiting the enzymes, such as thrombin, as
well as phospholipases A,, whose enzymatic activity can generate lyso-PAF (platelet aggregating
factor) by lipoxygenase pathway. Since some proteases present in snake venom can break
coagulation factors or exert thrombin-simile function, they present high homology with human
enzymes [46, 47]. Therefore, their inhibition by natural compounds can simulate the
anticoagulant and antithrombotic effects on animals.

Elumalai et al. [48] described the induction of thrombolytic activity by the methanolic
extract of Bougainvillea glabra. According to these researchers, the metabolite groups present in
the extracts (tannins, flavonoids, saponins, glycosides, and terpenes) could be related to the
dissolution of the thrombi through a synergism between the compounds. The flavonoids present
in the methanolic extract of Laguncularia racemosa L. were also evaluated by Rodrigues et al.

[49] as inhibitors of thrombin, acting as natural anticoagulants or thrombolytics.
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3.3. Coagulant activity

The induced coagulation of citrated plasma was performed using pre-determined
minimum coagulant doses (MCD) of 5 pg and 10 ug of Bothrops moojeni and Lachesis muta
muta venoms, respectively.

The aqueous extract of A. satureioides, promoted an increase in coagulation time, induced
by B. moojeni venom, in all ratios analyzed; 1:0.5 (23 sec), 1:1 (54 sec.), 1:2.5 (53 sec.), 1:5 (61
sec.), and 1:10 (100 sec.). The ethanolic extract also presented anticoagulant activity on the same
venom, with increases in coagulation time of 14, 28, 46, and 52 seconds in the ratios of 1:1, 1:2.5,
1:5, and 1:10 (w:w), respectively.

For the L. muta muta venom, the aqueous extract induced an increase in coagulation time
(32 to 101 seconds higher than the control), characterizing anticoagulant activity in the ratios of
1:1; 1:2.5; 1.5, and 1:10 (w:w). The ethanolic extract, however, presented lower anticoagulant
action than the aqueous extract and few variations between the analyzed ratios, observing times
of 12 to 27 seconds higher than the control (Table 2).

Table 2. Effect of the aqueous and ethanolic extracts of Achyrocline satureioides on the coagulant
activity induced by Bothrops moojeni and Lachesis muta muta venoms on human citrated plasma.

Clotting time ()

Achyrocline Proportion venom: o )
o Bothrops moojeni Lachesis muta muta
satureioides extract extract (w:w)

1:0.5 93.33 + 2.08* 103.00 + 5.57

1:1 124.00 + 5.29° 128.00 + 4.36°

Aqueous 1:2.5 123.00 + 4.36° 147.67 £ 7.37°
1:5 131.33 +£5.13* 173.33 £ 6.11°

1:10 170.00 + 5.20° 197.00 + 7.37°

1:0.5 73.33+£5.77 108.67 + 7.09%

1:1 84.00 + 5.29° 119.33 + 8.62°

Ethanolic 1:2.5 98.00 + 3.00° 133.00 + 2.08*
1:5 116.00 + 4.58° 124.67 + 4.04°

1:10 122.33 + 5.86° 123.33 + 3.06°
1:0 (Control) 70.00 £ 3.21* 96.00 £ 7.37**

*The control was carried out with 5ug of the evaluated venom. **The control was carried out with 10ug
of the evaluated venom. The results are presented as the average of triplicates + standard deviation.
Adiffers from their respective positive controls in values equal to or greater than 10 seconds.
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Blood coagulation depends, among other steps, on the conversion of fibrinogen to fibrin
molecules by the action of thrombin [50] - a serine protease with an essential role in hemostasis.
Several cardiovascular diseases, such as stroke, atherosclerosis, and thrombosis, are associated
with disorders in the mechanisms controlling the generation and activity of thrombin [51, 52].

Mack-Wen et al. [53] demonstrated the anticoagulant action of Brownea ariza ethanolic
extract on the activity induced by Bothrops asper venom, indicating its possible inhibitory action
on venom metalloproteinases that are capable of activating some factors of the coagulation
cascade and convert fibrinogen into fibrin. Similar results were found for the extract of Brownea
rosademonte [54].

In the present study, in addition to the inhibitory action exerted by extracts of A.
satureioides on coagulant enzymes, we must also consider the effect of flavonoids present in the
extracts. They are associated with an increase in coagulation time (Table 2) and dissolution of
thrombi (Figure 3). According to Silva et al. [55] flavonoids act on the production of nitric oxide
in blood platelets, inhibiting platelet aggregation and delaying the formation of clots.

In this context, extracts of A. satureioides present therapeutic potential as anticoagulant
agents with possible application in the treatment of cardiovascular diseases. However, further
studies are necessary, allowing the evaluation of their effective and safe doses and formulations

of use.

3.4. Fibrinogenolytic activity

The aqueous extract of A. satureioides did not present, under the conditions evaluated, an
inhibitory effect on the breakage of fibrinogen induced by the B. moojeni venom. However, the
ethanolic extract in the ratios of 1:2.5 and 1:5 (w:w) exerted 100% of inhibition on the
fibrinogenolysis. Thus, it was observed the o, B, and y chains [56] of the fibrinogen molecules
intact, as seen in the negative control (image not shown).

Fibrinogen has been widely used for the evaluation of the proteolytic potential of venom
toxins, besides making it possible to predict the action of proteases and their inhibitors on the
blood coagulation cascade [57, 58].

Fibrinogenases present in Bothrops snakes venoms, exert a proteolytic action on the a
chain of fibrinogen molecules, being less effective in degrading the B and without any effect on

the y chains [57].
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Patifio et al. [59] reported the inhibitory action of Renealmia alpinia extract on the
fibrinogenolytic activity induced by a toxin isolated from the B. atrox venom. According to the
researchers, the flavonoids present in the extract and the metalloproteases interact through
hydrogen bonds between hydroxyls. The aqueous extract of Jatropha gossypiifolia L. also
exercised 100% protection over the chains of fibrinogen against the proteolysis induced by B.
jararaca venom [60].

One of the proposed mechanisms of action for plant molecules involves the formation of
complexes with zinc ions present in binding sites in the structures of metalloproteases, resulting
in inhibition of these enzymes [61]. Thus, the changes observed in this work, mainly in the
thrombolytic, coagulant, and fibrinogenolytic activities, whose proteases play a fundamental role,

can be partially attributed to the formation of ionic complexes with plant compounds.

3.5. Comet assay
The result of the fragmentation of DNA molecules by the comet assay is shown in Table

The agueous extract of A. satureioides, when incubated with the L. muta muta venom in
the ratios of 1:0.5 and 1:1 (w:w), presented values of arbitrary units (A.U.) of 71.9 and 65.6,
respectively. These are approximately 3 times lower than the value obtained (232.7) for the
positive control (L. muta muta venom). A similar result was observed in the ethanolic extract,
which presented A.U. of 53.6 and 52.6 in the ratios of 1:0.5 and 1:1 (w:w), respectively (Table
3). Both extracts inhibited the genotoxic effect induced by the Lachesis muta muta venom,
resulting in values of arbitrary units statistically equal to the value of the negative control. The
scores evaluated in the different treatments are showed in Figure 4.

In the negative control, the absence of nucleoids with high damage levels (class 3) and
totally damaged DNA (class 4) was observed, as well as in the treatments containing L. muta
muta venom previously incubated with the aqueous and ethanolic extracts of A. satureioides in
the ratios of 1:0.5 and 1:1 (w:w) (Table 3). Controls using only the extracts (250 pg mL™ and 50
ng mL™) were also performed and these at the highest concentration induced DNA fragmentation
levels approximately 30% lower than those observed for the L. muta muta venom (data not

shown).
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Table 3. Effect of the aqueous and ethanolic extracts of Achyrocline satureioides on the
genotoxic activity induced by the Lachesis muta muta venom evaluated by the comet assay. The
average percentage of nucleoids was classified according to levels of fragmentation of DNA
molecules, frequency of nucleoids with damage, and arbitrary units.

Nucleoids (%)

() .
Treatments Comet classes (Damage %) Damage Arblt.rary
frequency Units
0(<5) 1(5-20) 2(20-40) 3(40-85) 4(=85) (%) (A.U)
C() 49.9+54a 48.0£7.1a 2.1£0.8b  0.0£0.0c 0.0+0.0b 50.1£5.4c  52.2+3.7c
C(H)* 2.1+0.8c 12.846.2c 44.3+£5.4a 31.9+£7.3a 8.9+4.7a 97.9+1.3a 232.7423.2a
C (+)** 10.1+4.4c 31.0+0.7b 39.6+6.1a 12.6£2.9b 6.7+0.7a 89.9+4.3a 174.8+£7.5b
Venom: Achyrocline
satureioides extract
(w:w) 37.6£0.9b 52.9+3.9a 9.5£3.7b  0.0£0.0c 0.0+0.0b 62.4+0.2b  71.9£3.5¢
(1:0.5)
Aqueous +
(1:1) 44.1x1.8a 46.2+2.8a 9.7+#1.0b  0.0+0.0c 0.0+0.0b 55.9+1.8bc  65.6+0.8¢c

b

(1:0.5) 50.6+2.0a 45.2+0.8a 4.2+1.2b  0.0+£0.0c 0.0£0.0b 49.4+2.0c 53.6£3.2¢
Ethanolic
(1:1) 51.4+1.7a 44.6+0.3a 4.0=1.3b  0.0+£0.0c 0.0+£0.0b 48.6+1.7c 52.6£3.0c

C (-): blood only. C (+)*: Lachesis muta muta (50 pg mL™). C (+)**: Doxorubicin (100 pg mL™),
genotoxic antitumor drug. The values represent the average of 3 tests performed with blood from different
volunteers, with 300 nucleoids per treatment/volunteer/test, counting a total of 900 nucleoids/treatment.
Values followed by the same letter in the columns do not differ from each other by the Tukey test (p <
0.05).
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Figure 4. Examples of nucleoids evaluated. Classification of comet in different treatments
performed. (A) Class 0 (damage < 5%), example obtained in negative control. (B) Class 1 (5-
20% of damage), example obtained in the treatment containing Lachesis muta muta venom plus
the aqueous extract from Achyrocline satureioides at the ratio of 1:0.5 (w:w). (C) Class 2 (20-
40% of damage), example obtained in the positive control containing Lachesis muta muta venom
(50 ug mL™). (D) Class 3 (40-85% of damage), example obtained in positive control containing
Doxorubicin (100 ug mL™). (E) Class 4 (damage > 85%), example obtained in positive control
containing Lachesis muta muta venom (50 ug mL™).

The comet assay has been widely used as a complement to the toxicological
characterization of natural compounds in order to investigate the genotoxic and/or antigenotoxic
effects. Siméo et al. [62] found that the aqueous extract of leaves of Pereskia grandifolia at
different doses, higher than the one recommended for consumption, did not induce genotoxic
effects. Salgueiro et al. [23] investigated the aqueous extract of Achyrocline satureioides on
human leukocytes and described in their results the predominance of low DNA damage levels at
doses of 30, 60, 150, and 300 pg.

Extracts of Mikania glomerata, Maytenus ilicifolia, and Lippia alba showed cytotoxic and
genotoxic activity, under the conditions evaluated, induced by metabolites such as coumarins,
tannins, and terpenes [63].

Cesar et al. [39] demonstrated to the aqueous extracts of different cultivars from Psidium
guajava the absence of DNA fragmentation in human leukocytes, even when evaluated at high
concentration (300 uL mL™). In addition, the nucleoids treated with these extracts showed a 75%
reduction in the frequency of DNA damage (induced by doxorubicin), proving the antigenotoxic

potential of these. Thus, the toxicological characterization of the secondary metabolites present in
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plant extracts is necessary as these can induce adverse and/or therapeutic effects, depending on
factors such as dose and chronic use.

3.6. Inhibition of digestive enzymes
The results of the enzymatic inhibition exerted by the aqueous and ethanolic extracts of A.
satureioides before and after exposure to simulated gastric fluid are presented in Table 4.

Table 4. Inhibition of digestive enzymes exerted by the aqueous and ethanolic extracts of A.
satureioides before and after exposure to simulated gastric fluid.

Achyrocline satureioides

Aqueous extract Ethanolic extract
Enzyme
Inhibition before Inhibition after Inhibition before Inhibition after
exposure exposure exposure exposure
(IEV)* (%) (IEV)* (%) (IEV)* (%) (IEV)* (%)
75.42 £ 62.54
a-amylase ns 19.35 nd nd 431 43.23 313 34.53
a-glycosidase 3.20+0.28 5751 1.91+0.21 4049 1.28+0.11 4150 048+0.04 17.31
Lipase 2% 4903 632034 2093 ns 32.62 nd nd

Trypsin 3.86+0.12 67.04 377026 4872 205+0.13 5576 105+0.06 27.16
Data from five repetitions, with mean + standard deviation.
*The Achyrocline satureioides extract measured for each of the enzymes was diluted to provide an
inhibition between 40% and 80%, in order to ensure result reliability.
IEU = Inhibited Enzyme Unit in pmol min~'g ™' sample (extract)
nd = inhibition not determined
ns = inhibition not significant

The aqueous extract of A. satureioides did not inhibit the a-amylase activity, as previously
described for other plant species such as Melissa officinalis L., Passiflora incarnata L.,
Valeriana officinalis L., and Matricaria chamomilla L. [64]. The ethanolic extract presented
inhibition of 75.42 pmol min™g™, corresponding to a percentage of 43.23%, but after exposure to
gastric fluid, there was a 17.1% decrease in inhibition. Marques et al. [7], when studying the
methanolic extract of the Malpighia emarginata bagasse flour, detected inhibition of 238.96
umol min™g™. Simo et al. [65] verified that the extracts of the cultivars Paluma, Pedro Sato, and
Seculo XXI from Psidium guajava showed inhibition of 13,776.93; 13,130.47, and 14,410.60
umol min™g™, respectively, which are results higher than the one found in this study. This may
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be due to differences in the types and amounts of the compounds found in each evaluated extract.
The inhibition of a-amylase, an enzyme involved in carbohydrate digestion, might be an
additional therapy to the early treatment of type 2 diabetes since it decreases postprandial
hyperglycemia and suppresses the production and/or uptake of glucose from the gastrointestinal
tract [66].

The aqueous and ethanolic extracts of A. satureioides showed inhibition of the a-
glycosidase activity of 3.20 and 1.28 umol min™g™, respectively, corresponding to 57.51% and
41.50%. The inhibitory potential of these extracts was superior to the one found by Simao et al.
[15], who reported for the aqueous extracts of Aloe vera (L.) Burm and Baccharis trimera (Less.)
DC inhibitions of 1.23 and 0.58 pmol min™g™, respectively. The use of medicinal plants as
inhibitors of enzymes involved in glucose metabolism has become a promising alternative to the
treatment of obesity associated with the incidence of type 2 diabetes since these inhibitors induce
carbohydrate tolerance, satiety, weight loss, delay of emptying, as well as reducing the release of
glucose into the blood [67].

Inhibition of lipases, which results in a delay in the hydrolysis process of triglycerides,
was detected only for the aqueous extract of A. satureioides whose inhibition was 10.42 umol
min_'g"' (49.03%). This inhibition may be associated with the content of phenolic compounds
present in the aqueous extract, that presented 3.8 times higher than the content of ethanolic
extract (Table 1). According to Lunagariya et al. [68], some amino acids present at the lipase
catalytic site may interact with the phenolic compounds, forming stable complexes and reducing
the structural flexibility of the enzyme [18]. This makes it insoluble in the reactional environment
and, therefore, inactive [69].

The aqueous extract of A. satureioides induced inhibition of 3.86 pmol min™g™ in trypsin
activity prior to the exposure to simulated gastric fluid, exhibiting 67.04% inhibition. However,
after exposure to simulated gastric fluid, inhibition was 48.72%. The ethanol extract had
inhibition of 2.05 pmol min™g™, whose inhibition percentage was 55.76%. After the exposure to
simulated gastric fluid, it reduced to 27.16%.

Proteases play an important role in cell metabolism by catalyzing various processes, such
as food digestion, tissue remodeling, and host defense against potential pathogens [70]. Trypsin
inhibitors have already been considered as antinutritional compounds because of their inhibitory

activity on humans and animals enzymes. Also, they can cause gastric problems and lead to
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pancreatic hypertrophy or hyperplasia [71, 72]. Hence, an advantage is attributed to the decrease
in trypsin inhibition after exposure to gastric fluid because protein digestibility is little affected.
The presence of different levels of phenolic compounds in the aqueous and ethanolic
extracts of A. satureioides (Table 1) is probably responsible for the different inhibitory profiles
observed in the digestive enzyme assays. The aqueous extract had a higher content of catechin
and epigallocatechin gallate, exerting greater inhibition on a-glycosidase and lipase activity.
Similarly, Koh et al. [73] observed that the inhibitory profile of different teas on a-amylase and
a-glycosidase enzymes were correlated with high catechin content. In another study, carried out
with rats that had their diet supplemented with epigallocatechin gallate purified from green tea, a
reduction in obesity was observed due to reduced absorption and increased lipid oxidation [74].
Phenolic compounds such as caffeic acid, chlorogenic acid, catechin, epigallocatechin
gallate, and quercetin have already been described as having thermogenic effect, ability to
oxidize fats, control appetite, regulate obesity-related hormone levels and inhibit digestive
enzymes involved in the absorption of carbohydrates and lipids [65, 75, 76]. Therefore, the
synergy between the phenolic compounds present in A. satureioides extracts should be
considered for a better understanding of the inhibitory action of the extracts on the digestive

enzymes.

CONCLUSION

The aqueous and ethanolic extracts of A. satureioides showed modulatory effects
(through inhibition or potentiation) on the biological activities induced by different snake
venoms, highlighting their anti-genotoxic potential, and modulator of hemostasis-related
processes. This is probably due to the presence of phenolic compounds that interact with catalytic
sites of the enzymes, or with hydrophobic regions present in these molecules, and promote
formation of complexes with ionic cofactors. The inhibitions exerted on digestive enzymes also
highlight the potential use of these extracts in the prevention and/or treatment of various
pathologies, such as thrombosis, obesity, diabetes, and several others with inflammatory origin.
However, new studies are still needed to expand knowledge about the mechanisms of interactions

between the bioactive compounds and enzymes, cellular components or other animal molecules.
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Abstract

In the present work, the aqueous and ethanolic extracts made using leaves of Lippia sidoides
were chemically characterized. In addition, they were tested for their modulating action on snake
venom enzymes involved in processes such as inflammation and blood coagulation, and also on
digestive enzymes. The high homology that venom toxins have with human enzymes makes them
excellent tools for the study of pathophysiological processes. When evaluating the composition of
the aqueous and ethanolic extracts of L. sidoides, the phenolic compounds stood out and, among
them, the ferulic acid was the majority in these extracts. Both extracts potentiated the activity of
phospholipases A, present in the venom of Bothrops atrox in 12% and completely inhibited the
hemolysis induced by the venoms of B. jararacussu and B. moojeni in the proportions between
1:0.5 and 1:5 (venom:extracts, w:w). They partially inhibited the thrombolytic activity induced
by B. moojeni venom (10 to 25%), potentiated the thrombi lysis (30 to 80%) induced by the
Lachesis muta muta venom, and prolonged the coagulation time induced by the venoms of B.
moojeni and L. muta muta. The extracts presented antigenotoxic activity against the venom of L.
muta muta when evaluated by the comet assay. When evaluating their activity on digestive
enzymes both extracts reduced the activity of a-glycosidases, the aqueous extract inhibited
lipases, and the ethanolic extract inhibited a-amylases. The results demonstrate the modulatory
action of the extracts on proteases that act in processes related to homeostasis. The inhibition of
digestive enzymes suggests the action of the extracts in decreasing the caloric availability coming
from the ingestion of carbohydrates and lipids. In addition, the rich phenolic composition of these
extracts (e.g., gallic and ferulic acids, catechin, epigallocatechin gallate, epicatechin, and

quercetin) highlights their potential for nutraceutical use.

Keywords: medicinal plants, phospholipase inhibitors, proteases inhibitors, digestive enzymes

inhibitors, antigenotoxic compounds.
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1. Introduction

The characterization of bioactive molecules present in plant extracts that have
pharmacological potential has been growing in recent years. Much of this potential comes from
secondary metabolism compounds, such as phenolic compounds. They act as natural antioxidants
(inactivating the reactive species responsible for the development of chronic non-communicable
diseases), interact specifically with a variety of enzymes and other proteins, and play a protective
role in membranes (Kumar, 2015; Peluso and Serafini, 2017). In addition, phenolic compounds
have been used as inhibitors of toxic and pharmacological effects induced by the toxins that make
up different snake venoms (Carvalho et al., 2013).

Lippia sidoides Cham. (Verbenaceae family) corresponds to a plant species whose
biological activities have been scientifically exploited. This species is mainly found in the
Northeast region of Brazil, but its cultivation has expanded in several Brazilian states due to its
use in folk medicine as antiseptic and anti-inflammatory (Almeida et al., 2010). Thus, it was
included in the list of the Brazilian National List of Medicinal Plants of Interest to the
Unified Health System (RENISUS) as one of the plants with the potential to generate
phytotherapeutic medicines for use in public health (Garmus et al., 2015).

The essential oil of L. sidoides has great commercial and pharmacological value, due to its
main constituents, thymol and carvacrol, and its antiseptic, antimicrobial, antioxidant, and anti-
inflammatory properties (Almeida et al., 2010). Hydroalcoholic extracts have already been used
for the treatment of cutaneous wounds as an oral antiseptic and in liquid soap preparations to
prevent and treat fungal infections in the body (Monteiro et al., 2007).

Considering that most of the scientific work on this species shows the biological activities
of its essential oil, the objective of the present work was to carry out the toxicological and
pharmacological characterization of the aqueous and ethanolic extracts of L. sidoides leaves, in
order to obtain new information that allows different applications for this species.

Aiming at increasing the knowledge about the pharmacological potential exerted by these
extracts, besides evaluating its genotoxic/antigenotoxic potential, the effects on the hemostasis,
on the activities performed by phospholipases A, and proteases (using snake venoms as tools),

and on the activities of digestive enzymes were performed.
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2. Material and methods

2.1. Obtaining Lippia sidoides and preparation of the extracts

The leaves of Lippia sidoides were collected at the Medicinal Herb Garden of the Federal
University of Lavras, Lavras, Minas Gerais (21 ° 14'S, 45 °00 'W, and 918 m altitude) in March
2016. The leaves were identified and incorporated into the collection of the ESAL Herbarium in
the Department of Biology of the Federal University of Lavras, under the registration number
30.250.

The leaves were washed in distilled water and oven dried (72 hours at 35 °C). The dried
leaves were milled in a Wiley mill, and the obtained powder was submitted to extraction in two
different solvents: water [30 minutes infusion at the ratio 1:25 (w:v)] and 70% ethanol at room
temperature by static maceration. The extracts obtained were filtered and the supernatants
collected. The supernatant from the aqueous extract was immediately frozen and then
lyophilized. On the other hand, the supernatant of the hydroalcoholic extract was subjected to
solvent removal on a rotary evaporator (at 45 °C), and just then frozen and lyophilized. Both
lyophilized extracts were dissolved in water for the digestive enzyme tests and dissolved in

phosphate buffered saline (PBS, pH 7.4) for the other assays.

2.2. Phytochemical screening

The powders obtained from the aqueous and ethanolic extracts of L. sidoides leaves were
submitted to phytochemical screening. Specific reagents were used for each chemical group so
that the reactions resulted in the development of coloration and/or precipitate that was
characteristic for each class of substances (Matos, 1997).

2.3. Identification and quantification of phenolic compounds by HPLC

Chromatographic analysis was performed using a Shimadzu HPLC high-performance
liquid chromatography system, equipped with two LC-20AT high-pressure pumps, a UV-visible
detector model SPD-M20A, an oven model CTO-20AC, an interface model CBM-20A, and an
automatic injector with auto-sampler model SIL-20A. Separations were performed using a Shim-
pack VP-ODS-C18 (250 mm x 4.6 mm) column connected to a Shim-pack Column Holder (10

mm X 4.6 mm) pre-column.
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The lyophilized aqueous and ethanolic extracts, dissolved in water (1:20, w:v), and the
phenolic standards were filtrated in a 0.45um membrane (Millipore®) and injected into the
chromatograph. The analyzes were carried out according to Marques et al. (2016). The phenolic
compounds were identified by comparison with the retention times of the standards. The
quantification was performed through the construction of analytical curves obtained by linear
regression, considering the coefficient of determination (R?) of 0.99.

2.4. Obtaining of human blood and snake venoms

Protocols requiring the use of human biological material were previously approved by the
Ethics Committee on Human Research (COEP) of the Federal University of Lavras, under the
registration number CAAE: 56628316.0.0000.5148.

The blood used for the hemolytic, thrombolytic, and coagulation activities and the comet
assay were obtained from healthy volunteers between 18 and 40 years old. Blood was collected in
tubes containing heparin (to the hemolytic activity and comet assay), citrate (to the coagulant
activity), or without anticoagulant (to the thrombolytic activity).

The crystalline crude venoms were commercially purchased from the serpentarium
Bioagents (Batatais-SP). The venoms were weighed and dissolved in phosphate buffered saline
(PBS, pH 7.4).

2.5. Phospholipase and hemolytic activity

Phospholipase A, (PLA;) and hemolytic activities were assessed as described by
Gutiérrez et al. (1988), with the use of egg yolk for PLA, activity and erythrocytes to the
hemolytic activity. PLA; inhibition tests were carried out using venoms from Bothrops atrox, B.
jararacussu, and B. moojeni, in which 30 pg of each venom was preincubated with the aqueous
and ethanolic extracts of L. sidoides for 30 minutes at 37 °C in the ratios 1:0.1, 1:0.5, 1:1, 1:2.5,
1:5, 1:10, and 1:20 (venom:extract; w:w). The inhibition of the hemolytic activity was evaluated
using B. jararacussu and B. moojeni venoms (50 pg) preincubated with the aqueous and
ethanolic extracts of L. sidoides for 30 minutes at 37 °C in the ratios of 1:0.05, 1:0.1; 1:0.5; 1:1,
1:2.5, and 1:5 (w:w). Controls containing only venom or plant extract were also evaluated. Then,

the incubates were poured into the gel orifices. The gels were placed in a cell culture chamber for
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12 hours at 37 °C. The formation of a translucent halo around the hole in the gel was measured
(millimeters) and expressed in percentage of activity.

2.6. Thrombolytic activity

The thrombolytic activity was assessed on human blood clots formed in vitro according to
the methodology described by Cintra et al. (2012). The clots were incubated for 24 hours at 37 °C
with samples containing B. moojeni or Lachesis muta muta (40 ug), PBS, or venom previously
incubated (30 minutes at 37 °C) with aqueous and ethanolic extracts of L. sidoides in the
proportions of 1:0.5, 1:1, 1:2.5, and 1:5 (venom:extract, w:w). The activities were estimated by
measuring the volume of fluid released by each thrombus. The average of the obtained volumes
in the negative control (PBS) was subtracted from other treatments. Controls containing only

extracts were also evaluated.

2.7. Coagulant activity

The aqueous and ethanolic extracts of L. sidoides were preincubated with B. moojeni and
Lachesis muta muta venoms for a period of 10 minutes at 37 °C in the ratios of 1:0.5, 1:1, 1:2.5,
1:5, and 1:10 (venom:extract, w:w). The incubated samples were added to the tubes containing
citrated plasma (200 uL) in a 37 °C bath and then timed until clot formation. The minimum
coagulant dose for each venom was previously defined as the smaller amount of venom capable

of inducing coagulation in a time range between 50 and 180 seconds (Rodrigues et al., 2000).

2.8. Fibrinogenolytic activity

To evaluate the fibrinogenolytic activity an electrophoresis in polyacrylamide gel (15%,
w:V) under denaturing conditions was used. The aqueous and ethanolic extracts of L. sidoides
were preincubated with B. moojeni venom (50 pg) for 30 minutes at 37 °C in the ratios of 1:0.5,
1:1, 1:2.5, and 1:5 (venom:extract, w:w). Fibrinogen was then added to the samples and remained
in the water bath, at the same temperature, for another 90 minutes. Controls containing fibrinogen

and venom were used to observe the proteolysis profile of fibrinogen molecules.
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2.9. Comet assay

The comet assay was used to detect damage to DNA molecules of leukocytes. The
treatments containing L. muta muta venom (50 pg in 300 pL of PBS) with the extracts of L.
sidoides in the ratios of 1:0.5 and 1:1 (venom:extract; w:w), previously incubated for 30 minutes
at 37 °C. The treatments were then added to 300 pL of blood and kept in a cell culture chamber
for 4 hours at 37 °C. From the incubated, 75 pL aliquots were transferred to tubes containing 225
uL of LMP agarose (low melting point). 3 slides per treatment, 100 uL per slide, were prepared,
as described by Nandhakumar et al. (2011). The slides were submitted to osmotic lysis following
with electrophoresis run at 30V and 300mA for 30 minutes. After that, the nucleoids remained in
a neutralization solution (0.4 M Tris-HCI, pH 7.4) for 25 minutes and then were fixed with
ethanol and visualized after staining with propidium iodide using epifluorescence microscopy.
Analysis of nucleotide fragmentation levels was performed according to classes described by
Collins et al. (1997), with some adaptations: class 0, damages < 5%, class 1, damages between 5
and 20%; class 2, damages between 20 and 40%; class 3, damages between 40 and 85%; and

class 4, damages > 85%. Arbitrary units were calculated according to Collins (2004).

2.10. Kinetic tests with digestive enzymes: with or without simulated gastric fluid

The following enzymes were used in these assays: porcine pancreatic lipase (EC 3.1.1.3)
type 11, Sigma; porcine pancreatic a-amylase (EC 3.2.1.1) type VI B, Sigma; and porcine
pancreatic trypsin (EC 3.4.21.4), Merck. The a-glycosidase (EC 3.2.1.20) was obtained from

fresh porcine duodenum according to Pereira et al. (2010).

2.10.1. a-Amylase activity

The o-amylase activity was determined according to the methodology proposed by
Noelting and Bernfeld (1948). 50 uL of the aqueous and ethanolic extracts of L. sidoides were
preincubated with 50 uL of the a-amylase enzyme for 20 minutes in a water bath at 37 °C. The
substrate was 1% starch, prepared in 0.05 mol L™ Tris buffer, pH 7.0, with 38 mmol L™ NaCl and
0.1 mmol L™ CaCl,. After that, 100 pL of the substrate was added, and the mixture was incubated
for four different time periods (10, 20, 30, and 40 minutes). The reaction was interrupted with the
addition of 200 pL of 3,5-dinitrosalicylic acid and the product measured in a spectrophotometer

at the wavelength of 540 nm.
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2.10.2. a-Glycosidase activity

The a-glycosidase activity was determined according to Kwon et al. (2008), using 5 mmol
L™ p-nitrophenyl-a-D-glucopyranoside in a 0.1 mol L™ citrate-phosphate buffer, pH 7.0, as
substrate. In the assay, the aqueous and ethanolic extracts and the a-glycosidase enzyme were
incubated in a water bath, at 37 °C, for four different time periods (10, 20, 30, and 40 minutes).
Only then the substrate was added. The reaction was interrupted adding 1,000 pL of 0.05 mol L™
NaOH and the product (p-nitrophenol) was measured in a spectrophotometer at the wavelength of
410 nm.

2.10.3. Lipase activity

The lipase activity was determined according to Souza et al. (2011), using 8 mmol L' p-
nitrophenyl palmitate in a 0.05 mmol L™ Tris—HCI buffer, pH 8.0, containing 0.5% Triton X-100,
as substrate. In the assay, the extracts and the lipase enzyme were incubated in a water bath, at
37°C, for four different time periods (10, 20, 30, and 40 minutes). After the incubation, the
substrate was added. The reaction was stopped transferring the tubes to an ice bath and adding
0.05 mmol L™ Tris—HCI buffer, pH 8.0. The p-nitrophenol (yellow-colored product of the lipase
action on p-nitrophenyl palmitate) was measured in a spectrophotometer at the wavelength of 410

nm.

2.10.4. Trypsin activity

The trypsin activity was determined according to the methodology described by Erlanger
et al. (1961). Thus, the aqueous and ethanolic extracts and the trypsin were incubated in a water
bath at 37 °C, for different time periods (10, 20, 30, and 40 minutes). Only then, the p-benzoyl-
D-L-arginine-p-nitroanilide (BAPNA) substrate, prepared in 0.05 mol L™ Tris, pH 8.2, was
added. The reaction was interrupted adding 200 pL of 30% acetic acid, and the product was
measured in a spectrophotometer at a wavelength of 410 nm.

2.10.5. Preparation of simulated gastric fluid

In the presence of simulated gastric fluid, in vitro enzymatic activity was also carried out
to simulate the digestion process in the stomach. Thus, the extracts were incubated with the
simulated gastric fluid prepared according to The United States and Pharmacopeia (2005), for 1h
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in a water bath at 37 °C. Subsequently, it was neutralized (pH 7.2) with sodium bicarbonate salt,
and only then the activity assays were performed.

2.10.6. Data analysis

To obtain 40 to 80% of enzyme inhibition (range of inhibition considered in the literature
for digestive enzyme assays), the concentrations of the aqueous and ethanolic extracts were
different on each enzyme evaluated.

The enzymes inhibition was obtained from the determination of the slopes of the straight
lines (absorbance x time) corresponding to values obtained for the control enzyme (without
extracts) and enzymes + inhibitor (with aqueous or ethanolic extracts) in the activity assays. The
slope of the straight line corresponds to the speed of product formation per minute of reaction,
and the presence of the inhibitor causes a decrease of this inclination. The absorbance values
were converted into micromoles of product based on data obtained from a standard curve
elaborated with glucose for the amylase and with p-nitrophenol for glycosidase and lipase. For
trypsin, the molar extinction coefficient of BAPNA was determined according to Erlanger et al.
(1961).

2.11. Statistical Analysis

The results were presented as the mean of the triplicates + standard deviation obtained in
three independent assays. The significance of the difference between the means was determined
by the analysis of variance, followed by Tukey’s test when the treatments were compared with
the control (R Core Team, 2012). The results were considered statistically significant when p <
0.05.

3. Results and discussion

The chemical compounds present in plant materials were characterized by phytochemical
screening, in which different groups of metabolites such as tannins, catechins, alkaloids,
flavonoids, coumarins, steroids, and saponins were identified in the ethanolic extract of Lippia
sidoides (Table 1), corroborating the results found by Pinho et al. (2012). In the aqueous extract,
only catechins, depsides, and depsidones were detected.
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The ethanolic extract of L. sidoides presented higher phenolic compounds than those
obtained for the aqueous extract, as shown in Table 1.

Table 1. Phytochemical screening and phenolic compounds content in the aqueous and ethanolic
extracts of Lippia sidoides leaves.
Phytochemical Screening

Chemical constituents Aqueous extract Ethanolic extract
Ogranic acids () )
Polysaccharides () )
Tannins (-) (+)
Catechins (+) (+)
Flavonoids () (+)
Cardiac glycosides () )
Azulenes ) )
Carotenoids (-) )
Sesquiterpene lact ) )
ones and other lactones
Steroids and triterpenes (-) (+)
Depsides and depsidones (+) )
Coumarin derivatives (-) (+)
Saponins () (+)
Alkaloids () (+)
Purine (- )
Phenolic compounds identified in Lippia sidoides extracts by HPLC
Phenolic Compounds Aqueous extract Ethanolic extract
(mg 10097
Gallic Acid 3.66 +0.16 4.97 +0.02
Catechin 88.52 + 0.97 44,19 £ 0.52
Epigallocatechin Gallate 627.34 £ 2.58 665.23 + 10.95
Epicatechin 175.84 + 0.80 270.88 £ 2.97
Caffeic Acid 35.24 +0.05 47.23+0.21
Vanillic Acid 60.12 + 0.43 70.43 + 0.46
p-Coumaric Acid 3492+ 141 12.29 £ 0.01
Ferulic Acid 1,474.76 £ 36.70 1,651.22 £ 7.43
Salicylic Acid 38.93+£0.23 978.17 £5.39
Quercetin 0.38+0.00 1.06 £0.01
> Phenolic Compounds 2,539.71 3,745.67

The results correspond to the means of triplicates and the calculated standard deviations.
The signs indicate the presence (+) or the absence (-) of the metabolite.
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Both extracts presented high content of ferulic acid and epigallocatechin gallate. The
aqueous extract also had a considerable content of epicatechin, while the ethanolic extract
presented the salicylic acid highlighted in its composition.

Due to their diverse health benefits, such as antioxidants, anticoagulants,
immunomodulators, anti-inflammatory, and anticarcinogenic (Olas et al., 2018; Peluso and
Serafini, 2017; Singh and Patra, 2018), the phenolic compounds have been the focus of numerous
researches, especially for the treatment and prevention of cancer, and reducing the risk of
cardiovascular and inflammatory diseases.

On the other hand, little is known about the bioavailability of phenolic compounds after
their ingestion, since most scientific studies focus particularly on the benefits attributed to their
activities. When bioactive compounds are ingested, they enter the gastrointestinal tract and are
exposed to a complex physicochemical environment (Celep et al., 2018). This environment may
have a variable influence on their bioavailability, since these compounds in an acidic
environment are very stable, and although it depends on their structure, large losses in
bioavailability are observed in an alkaline environment (Rodriguez-Mateos et al., 2014).

Thus, the regular intake of these compounds, present in plant extracts, progressively
increases their plasma concentration to a level in which they are able to reach their place of action
to perform activities with functional benefits to human health (Ting et al., 2015).

3.1. Phospholipase and hemolytic activity

The aqueous and ethanolic extracts of L. sidoides significantly potentiated the
phospholipase activity induced by Bothrops atrox venom in 12% in the highest evaluated
proportions [1:2.5 to 1:20 (w:w)] (Figure 1A).

The phospholipase activity induced by the B. jararacussu venom was not significantly
inhibited or potentiated by both L. sidoides extracts under the conditions evaluated (Figure 1B).

For the B. moojeni venom, a single statistically significant inhibition of 12% was
observed after incubation with the ethanolic extract at a ratio of 1:20 (w:w) (Figure 1C).
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Figure 1. Phospholipase activity (%) induced by Bothrops atrox (A), Bothrops jararacussu

Aqueous

The potentiation of the phospholipase activity by the aqueous and ethanolic extracts of L.
make them more accessible to the attack promoted by phospholipases A,, or have bound in
specific regions of the phospholipases, causing structural changes favorable to coordination of the

positive control in inhibition by the Tukey test (p < 0.05). b. statistically different from its
amphipathic or hydrophobic character may have interacted with the phospholipids in order to

(venom: extract, w:w) and their standard deviations. a. statistically different from its respective
respective positive control in potentiation by the Tukey test (p < 0.05).

ethanolic extracts from Lippia sidoides leaves. Controls (+): venoms (30 pg) were considered
as 100% activity. The results correspond to the means of the triplicates obtained for each ratio

(B), and Bothrops moojeni (C) snake venoms, previously incubated with the aqueous and

present in the extracts act as enzymatic cofactors.

sidoides leaves, observed for the B. atrox venom
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cofactors or substrate at their binding sites. However, the evaluated venoms have various
proportions of phospholipases A, that may be structurally different, which justify the different
results obtained for the extracts evaluated.

According to Moura et al. (2016) the formation of complexes between plant compounds
and calcium ions can interfere in their (Ca’*) binding to phospholipases Az, and consequently
affecting the performance of their function as cofactors. In the present work, however, the
evaluated extracts of L. sidoides did not show activity as inhibitors of phospholipases.

Aiming at applications for the potentiating action exerted by the extracts on
phospholipases, both the aqueous and ethanolic extracts could act amplifying the inflammatory
response and, thus, their local use desirable for the treatment of tumors (Yarla et al., 2015). In
addition, they can favor the formation of clots (can accelerate healing processes), act in the
control of hemostasis (in cases of hemorrhages), or act in therapies of diseases such as
hemophilia and diabetes in which hemorrhages and low healing rate are recurrent.

Besides regulating the arachidonic acid pathway, which is the precursor of eicosanoids,
phospholipases are involved in the formation of additional inflammatory mediators, such as
lysophospholipids and platelet-activating factor, which may contribute to the progression of
inflammation (Dennis et al., 2011). According to Serafini et al. (2011), flavonoids influence the
metabolism of arachidonic acid. In this study, flavonoids, such as quercetin, epicatechin, and
epigallocatechin gallate, were identified in the aqueous and ethanolic extracts of L. sidoides.
They may be involved in the modulation not only of phospholipases but also of proteases that act
on inflammatory responses and hemostasis changes.

Thus, both the inhibition and the potentiation of phospholipases A, by natural compounds
highlight the pharmaceutical potential of the extracts and isolated plant compounds, and their
great relevance in the medical-scientific context (Carvalho et al., 2013).

On the other hand, one of the major concerns in clinical practice is the hemolysis process,
since many drugs induce lysis of erythrocytes and, consequently, decrease their level in the
blood. Therefore, to confirm the absence of cytotoxicity, even when evaluated in high doses (750
ug), the hemolytic activity with the aqueous and ethanolic extracts of L. sidoides alone was
performed.

Previous incubation of the aqueous and ethanolic extracts of L. sidoides with B.
jararacussu venom completely inhibited the hemolytic activity in all ratios analyzed (Figure 2A).
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Both extracts also showed a significant inhibitory action on hemolysis induced by B. moojeni
venom, with 100% inhibition being observed in the ratios of 1:0.5 to 1:5 (w:w) (Figure 2B).
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Figure 2. Hemolytic activity (%) induced by Bothrops jararacussu (A) and Bothrops moojeni
(B) snake venoms, previously incubated with the aqueous and ethanolic extracts from
Lippia sidoides leaves. Controls (+): venoms (50 pg) were considered as 100% activity. The
results correspond to the means of the triplicates obtained for each ratio (venom:extract, w:w) and
their standard deviations. *statistically different from its respective positive control by the Tukey
test (p < 0.05), and representation of the inhibitory effect on the venom activity.

The inhibition of the hemolytic activity can be explained by the presence of phenolic
compounds in the L. sidoides extracts. Some of these compounds are likely to form complexes
with metals, such as Ca**, but also their hydroxyl groups may form hydrogen bonds with amino
acids at the catalytic site or at the point of attachment of divalent ions, thereby reducing the
catalytic action of ion-dependent enzymes (Gomez-Betancur et al., 2014).

Snake venoms induce hemolytic activity mainly by the action of proteases such as
metalloproteases and serine proteases, which degrade membrane proteins and modify the flow of
ions and liquids through the membrane. In addition, phospholipases A, promote the breakdown

of phospholipids that make up the cell membranes. Thus, the combined action of these enzymes
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causes rupture of the erythrocyte membranes, which leads to the release of hemoglobin to the

extracellular space (Garcia et al., 2010).

3.2. Thrombolytic activity

The ethanolic extract of L. sidoides exerted a significant inhibition of 26% and 20% in the
proportions of 1:0.5 and 1:5 (w:w), respectively, on thrombolytic activity induced by the B.
moojeni venom (Figure 3A). Similar inhibitions percentages were obtained after incubations of
the same venom with the aqueous extract in the ratios of 1:0.5, 1:2.5, and 1:5. Considering the
composition of B. moojeni venom, widely described in the literature (Bernardes et al., 2008;
Gomes et al., 2009; de Morais et al., 2012), it is possible to suggest the occurrence of interactions
between components of the extract and hemorrhagic proteases and anticoagulants present in the
venom.

However, prior incubation of both extracts with the venom of L. muta muta, in all ratios
evaluated, increased thrombus dissolution that ranged from 35 to 75% for the aqueous extract and
from 47 to 66% for the ethanolic extract (Figure 3B). This potentiation suggests the presence of
enzymatic cofactors in the extracts, which are responsible for promoting an increase in the

activity of one or more classes of proteases present in the L. muta muta venom.
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Figure 3. Thrombolytic activity (%) induced by Bothrops moojeni (A) and Lachesis muta
muta (B) snake venoms, previously incubated with the aqueous and ethanolic extracts from
Lippia sidoides leaves. Controls (+): venoms (40 pug) were considered as 100% activity. The
results correspond to the means of the triplicates obtained for each ratio (venom:extract, w:w) and
their standard deviations. a. statistically different from its respective positive control in inhibition
by the Tukey test (p < 0.05). b. statistically different from its respective positive control in
potentiation by the Tukey test (p < 0.05) .

In this context, the different compounds identified in the extracts of L. sidoides, as well as
the possibly present but unidentified compounds (Table 1), may act on different enzymatic
targets as inhibitors or potentiators, considering the different molar ratios (extracts components:
toxins of the venoms) obtained in each experiment. Although they may be promising sources of
compounds with pharmaceutical interest, the extracts and their fractionated compounds require
further studies to elucidate their mechanisms of action and their effective and safe doses and

formulations.

3.3. Coagulant/anticoagulant activity

The minimum coagulant dose (MCD) was previously determined to B. moojeni (5 ug) and
L. muta muta (10 pg) venoms.

Previous incubation of the B. moojeni venom with the aqueous extract of L. sidoides in

the ratios of 1:2.5, 1:5, and 1:10 (w:w) increased the coagulation time in 21, 25, and 29 seconds,
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respectively. The ethanolic extract was also able to prolong the coagulation time in all
proportions analyzed with times ranging from 12 to 39 seconds higher than the control.

Both extracts promoted an increase in the coagulation time induced by the L. muta muta
venom, in all proportions analyzed, 28 to 85 seconds for the aqueous extract and 50 to 93 seconds

for the ethanolic one, (Table 2).

Table 2. Effect of the aqueous and ethanolic extracts from Lippia sidoides leaves on the
coagulant activity induced by Bothrops moojeni and Lachesis muta muta venoms on the human
citrated plasma.

Clotting time (s)

Proportion venom: extract

Bothrops moojeni Lachesis muta muta

(w:w)
1:0.5 68.33+1.15 121.00 + 4.58°
1:1 66.67 + 4.04 140.33 +10.12°
Aqueous 1:2.5 82.00 + 3.46° 156.33 + 7.02°
1:5 86.00 + 1.73° 163.33 £ 6.43°
1:10 90.00 + 1.15° 178.00 + 5.29°
1:0.5 73.00 + 4.51° 143.33 + 3.51°
1:1 85.33+ 1.53° 154.33 + 8.50°
Ethanolic 1:2.5 90.00 + 1.00° 163.33 £ 6.11°
1:5 96.67 + 1.15° 177.00 + 5.29°
1:10 100.67 + 2.08 185.67 + 7.09°
Control - 61.33 £ 2.52* 92.67 £ 7.23**

*The control was carried out with 5ug of the evaluated venom. **The control was carried out with 10ug
of the evaluated venom. The results are presented as the average of triplicates + standard deviation.
Adiffers from their respective positive controls in values equal to or greater than 10 seconds.

The proteases present in snake venoms are responsible for some local and systemic effects
observed in the envenomation. Two examples of proteases are metalloproteases, which are
involved in the hemorrhagic process, edema, inflammation, and necrosis, and serine proteases,
which act selectively on coagulation cascade factors, affecting platelet aggregation, fibrinolysis,
and coagulation (Queiroz et al., 2017).

Blood coagulation is a physiological process that under normal conditions occurs by the

activation of proteins and cellular components involved in a sequence of reactions, which
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ultimately results in degradation of fibrinogen by thrombin and forms fibrin molecules (Jin and
Gopinath, 2016). Therefore, any disorder that occurs in the mechanisms controlling the
hemostatic system, such as excessive coagulation, may contribute to the development of
cardiovascular diseases (e.g., heart attack), stroke, and pulmonary embolism (Palta et al., 2014).
Thus, the inhibition of the enzymes involved in the coagulation cascade represents an alternative
for the prevention of thromboses.

Thrombosis occurs when blood flow is prevented by the deposition of platelets, tissue
factor, and fibrin networks in damaged regions of the surface of endothelial cells or blood vessels
(Furie and Furie, 2008). Thrombin, the enzyme responsible for the conversion of fibrinogen to
fibrin at the end of the coagulation cascade, has become one of the targets in studies aimed at the
development of new anticoagulants and antithrombotics (Jin and Gopinath, 2016). The inhibition
of the coagulant activity induced by the venoms may be related to the ability of the evaluated
extracts to inhibit thrombin-like enzymes, or prothrombin activators present in snake venoms
(Castro et al., 2004; Kini, 2005). Thus, it is possible to suggest the action of these inhibitors also
on human thrombin, which enables future pharmaceutical applications.

The aqueous and ethanolic extracts of L. sidoides were efficient in inhibiting coagulating
enzymes when previously incubated with the venoms of B. moojeni and L. muta muta. According
to Costa et al. (2010), natural inhibitors of proteases usually act by competing with enzyme
substrates, but may also bind irreversibly to the active site or act as metal chelators, sequestering

ions that play an essential role in protease catalysis.

3.4. Fibrinogenolytic activity

Although the aqueous and ethanolic extracts of L. sidoides inhibited some classes of
proteases in the different tests carried out, they had no inhibitory effect on the fibrinogen
breakage induced by the B. moojeni venom, in any proportion evaluated (results not shown). This
result allows suggesting that the inhibitions exerted by the extracts on the B. moojeni venom in
the hemolysis, thrombolysis, and coagulation assays are related to non-fibrinogenolytic
metalloproteases and serine proteases.

The envenomations caused by the Bothrops genus generally produce prolonged bleeding,
since various toxins present in their venom act degrading factors of the coagulation cascade, or

excessively converting fibrinogen molecules to fibrin, which are lysed by the action of natural



110

fibrinolytic systems (Gutiérrez, 2011). Therefore, fibrinogen has been widely used for the
evaluation of the proteolytic potential of venoms and isolated toxins, besides making it possible
to predict the action of proteases and their inhibitors on the blood coagulation cascade (Silva et
al., 2012).

3.5. Comet Assay

The nucleoids treated with L. muta muta venom presented high levels of fragmentation.
The number of nucleoids classified as class 3 and class 4 was significantly higher when compared
to the treatments (containing the extracts) and the negative control (without treatment) (Table 3).

When incubated with the L. muta muta venom in the proportions of 1:0.5 and 1:1 (w:w),
the values of the arbitrary units (A.U.) for the L. sidoides aqueous extract were 70.5 and 83.3,
respectively, which are approximately 3 times smaller than the value obtained for the positive
control (venom only) - 232.7. The values of A.U. for the ethanolic extract were 85.1 and 79.0 in
the proportions of 1: 0.5 and 1:1 (w:w), respectively (Table 3).

A predominance of non-damaged cells (class 0) and cells with minimal damage (class 1)
was observed in the negative control, as well as in treatments containing the L. muta muta venom
previously incubated with the aqueous and ethanolic extracts of L. sidoides, in the proportions of
1:0.5 and 1:1 (w:w) (Table 3). Controls using the pure extracts at the highest concentration
determined to the incubations (250 ug mL™) were also performed, and presented results similar to
the negative control - no genotoxic action (data not shown).

The control containing the antitumor drug, doxorubicin, was performed as evidence of the
functionality of the tests performed and for comparison with the positive control of interest.
Significantly greater values of arbitrary units were observed for the L. muta muta venom (50 ug
mL™; A.U. 232.7 +23.2) when evaluated at a concentration equivalent to half of the concentration
of doxorubicin (100 ug mL™; A.U. 174.8 +7.5).
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Table 3. Effect of the aqueous and ethanolic extracts of Lippia sidoides leaves on the genotoxic
activity induced by the venom of Lachesis muta muta. Results expressed as the average
percentage of nucleoids classified according to levels of fragmentation of DNA molecules (comet
classes), damage frequency, and arbitrary units.

Nucleoides (%)

o, .
Treatments Comet classes (Damage %) Damage Arblt'rary
frequency Units
0(<5) 1(5-20) 2 (20-40) 3 (40-85) 4 (=85) (%) (A.U.)
C ) 49,945 4a 48'017'13 2.1208¢  0.0£0.0c 0.0£0.0b 50.15.4e  52.243.7d
C(+H)* 2.1+0.8c 12.846.2c 44.3+5.4a 31.9+7.3a 8.9+4.7a 97.9+1.3a 232.7423.2a
C (+)** 10.1+4.4¢c  31.0£0.7b 39.6+6.1a 12.6£2.9b 6.7+0.7a 89.9+4.3b 174.8+7.5b
Venom: Lippia
sidoides extract
(W:w) 38.6+£3.0ab 52.3£6.0a 9.1+0.7bc  0.0+0.0c 0.0+£0.0b 61.4+£5.3d  70.5+4.7cd
(1:0.5)
Aqueous
(1:1)  32.7433b 51.5+4.8a 15.340.7b 0.4+0.0c 0.0+0.0b 67.0+3.9cd  83.3£8.0c
(1:0.5) 28.842.9b 57.3+£3.7a 13.9+0.7b 0.0£0.0c 0.0+0.0b 71.2+43.8c  85.1£3.8c
Ethanolic

(1:1)  30.744.7b  59.6+3.5a 9.7£0.3bc  0.0+0.0c 0.0£0.0b 69.3+59c  79.0+6.3c

C (-): blood solution only. C (+)*: Lachesis muta muta venom (50 pg mL™). C (+)**: Doxorubicin (100
ug mL™). The values represent the average of 3 tests performed with the blood of different volunteers,
counting a total of 900 nucleoids/treatment (300 nucleoids per treatment/volunteer). Same letters in the
columns do not differ from each other by the Tukey test (p < 0.05).

Several plant extracts have already been evaluated using the alkaline comet assay. It
allows the evaluation of primary DNA lesions in individual cells that correspond to single- or
double-stranded breaks of the DNA, in alkaline labile regions, by the alkylation of
electronegative DNA groups and cross-links (Tice et al., 2000). One of these studies was
conducted by Qari and El-Assouli (2017), who demonstrated the genotoxic effect of the aqueous
extract of Tribulus terrestrial on human lymphocytes at concentrations between 40 and 80 mgL™.

The extract of Rubus niveus at the doses evaluated (500, 1000, and 2000 mg Kg™) by
Tolentino et al. (2015) exerted a protective effect against DNA damage, induced by doxorubicin,
in peripheral blood leukocytes and bone marrow cells. Significant reductions in the frequency of
DNA damage, ranging from 67.14% to 105.87%, were observed.
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Different extracts of Teucrium ramosissimum also showed antigenotoxic activity against
DNA damage of human lymphocytes (K562) induced by hydrogen peroxide (Sghaier et al.,
2016). According to the researchers, the protective effect exerted by these extracts can be
attributed to the presence of flavonoids, tannins, and sterols, in addition to a synergistic action of
several phenolic compounds. Therefore, it is essential to evaluate the genotoxic and antigenotoxic
potential of plant extracts and their secondary metabolites. Thus, they may have application in the
prevention or in therapies for various human diseases, especially those related to the chronic

accumulation of genomic alterations.

3.6. Inhibition of digestive enzymes
Table 4 shows the results of the enzymatic inhibition exerted by the aqueous and ethanolic

extracts of L. sidoides leaves before and after exposure to simulated gastric fluid.

Table 4. Inhibition of digestive enzymes by the aqueous and ethanolic extracts of Lippia sidoides
leaves before and after exposure to simulated gastric fluid.
Lippia sidoides

Aqgueous extract Ethanolic extract
Enzyme
Inhibition before Inhibition after Inhibition before Inhibition after
exposure exposure exposure exposure

(IEV)* (%) (IEV)* (%) (IEV)* (%) (IEV)* (%)
o-Amylase ns 33.24 nd nd 0% g1z OB geor
a-Glycosidase 6.82+0.53 62.11 6.95+0.33 71.16 7.1840.29 66.52 6.43+0.19 64.86

Lipase 7.09+0.28 66.74 4.04+035 39.19 ns 36.70 nd nd

Trypsin ns 9.13 nd nd ns 4.42 nd nd

Data from five repetitions, with the calculated means * standard deviation.

*The Lippia sidoides extract measured for each of the enzymes was diluted to provide an inhibition
between 40% and 80%, in order to ensure result reliability.

IEU = Inhibited Enzyme Unit in pmol min"'g”'sample (extract)

nd = inhibition not determined

ns = inhibition not significant (% inhibition values below 40% are not considered).

The aqueous extract of L. sidoides did not inhibit the a-amylase activity, but the ethanolic
extract showed inhibition of 60.52 umol min g* (68.12%). The inhibition of the a-amylase
enzyme was maintained after gastric fluid simulation, suggesting that there were no chemical

changes in the inhibitory molecules during the process.
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For the a-glycosidase activity, the aqueous and ethanolic extracts of L. sidoides presented
inhibition of 6.82 and 7.18 umol min g™ (62.11 and 66.52%), respectively. In the presence of
simulated gastric fluid, the aqueous extract increased the inhibitory potential to 71.16%, and the
ethanolic extract remained at 64.86%. Simulation of gastric fluid could lead to structural changes
in the inhibitors due to extremely acidic pH. However, the inhibition of a-amylase and a-
glycosidase were not altered, suggesting that the inhibitors would remain stable upon the passage
through the stomach during digestion.

The regulation of glucose uptake from the intestinal lumen may be related to the
antihyperglycemic action by inhibiting o-amylase and o-glycosidase enzymes, which are
responsible for carbohydrate digestion. The inhibition of these enzymes results in decreased
absorption and consequent reduction of postprandial glucose levels and caloric availability
(Glvenalp et al., 2017). Acarbose and miglitol are allopathic oral hypoglycemic agents with the
mechanism of action related to the inhibition of a-glycosidase. However, they cause side effects
such as diarrhea, abdominal cramps, and flatulence (Choi et al., 2015). Therefore, the use of plant
extracts may be a more acceptable source of inhibitors of these enzymes, due to their low cost
and lower incidence of side effects.

The inhibition of lipase was detected only for the aqueous extract of L. sidoides (7.09
umol min g~', which corresponds to 66.74%). Besides helping to reduce the absorption of fatty
acids in the intestine, inhibiting this enzyme results in a decrease in caloric availability.

Both extracts showed no significant inhibitory action in the trypsin activity. Since the
presence of trypsin inhibitors in the diet may result in an excessive increase in the plasma
concentration of cholecystokinin and causing pancreatic hypertrophy, this result was positive and
desired. These inhibitors are also associated with reduced growth rate in animals due to a
decrease in protein digestibility that leads to weight loss and catabolism of endogenous proteins
(Horton et al., 2006).

The results of the present work demonstrate that the compounds present in the evaluated
extracts act selectively on enzymes, and probably by interactions with specific regions of each
molecule since they modulate the enzymatic activity of proteases present in the venoms
evaluated. However, they have shown no effect on ophidian fibrinogenases and the human

protease trypsin.
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The inhibition of digestive enzymes is probably related to the presence of phenolic
compounds in the aqueous and ethanolic extracts of L. sidoides (Table 1) since these compounds
generally bind to enzymes and alter their activities. However, some compounds appear in greater
amounts in both extracts such as epigallocatechin gallate, epicatechin, and ferulic acid. Others are
found in smaller amounts but in similar concentrations in both extracts (e.g., caffeic acid and
vanillic acid). The gallic acid and quercetin were found in low concentrations in both extracts. On
the other hand, the catechin and p-coumaric acid were found in a higher concentration in the
aqueous extract, and the salicylic acid was found in a concentration significantly higher in the
ethanolic extract. These variations in the phenolic composition are certainly responsible for the
different inhibitions exerted by the extracts on the digestive enzymes, and if this information is
better explored, it may bring relevant results for the development of new therapeutic
formulations.

Tannins, one of the major classes of phenolic compounds, have been described as non-
specific inhibitors of various hydrolytic enzymes such as a-amylases, a-glycosidases, and lipases.
This inhibition is possibly associated with their ability to strongly bind to proteins and
carbohydrates (Silva et al., 2014). According to Barrett et al. (2018), the interaction between
tannins and proteins is the result of multiple hydrogen bonds and hydrophobic associations that
can be reinforced by the conformational similarity of their molecules. As a consequence of this
interaction, the blocking of catalytic sites of the enzymes occurs and their activities are inhibited.
However, in the present study, the presence of tannins was only detected in the ethanolic extract
of L. sidoides (Table 1). Its presence could justify the greater inhibitory effect observed for the
ethanolic extract on the a-amylase and a-glycosidase enzymes (Table 4).

The inhibitory activity exerted by the ethanolic extract of L. sidoides on a-amylase
(60.52+3.61 IEU/g) was higher than those for a-glycosidase (7.18+0.29 IEU/g). According to
Tan et al. (2017), the salicylic acid significantly inhibited a-amylase but did not inhibit o-
glycosidase, suggesting different mechanisms of the inhibitory reaction exerted by this
compound. Thus, the results found in the present study corroborates the previous affirmation,
since the ethanolic extract of L. sidoides presented a high content of salicylic acid (Table 1).

On the other hand, Martinez-Gonzalez et al. (2017) reported that flavonoids, when
compared to phenolic acids, exert a higher inhibitory activity on digestive enzymes, probably due
to the greater complexity of flavonoid structures and their interaction with enzymes. You et al.
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(2012) observed a higher inhibitory effect of quercetin on a-glucosidase and lipase than ellagic
acid. Tan et al. (2017) reported higher inhibition of the flavonoid myricetin on the enzymes a-
amylase, a-glycosidase, and lipase when compared to the phenolic acids (caffeic acid, gallic acid,
and syringic acid). In the present study, flavonoids (quercetin, catechin, and epigallocatechin
gallate) were also detected in the aqueous and ethanolic extracts of L. sidoides. Therefore, the
synergism between the phenolic compounds present in these extracts should be considered for a

better understanding of their inhibitory action on the digestive enzymes.

4. Conclusion

The aqueous and ethanolic extracts of Lippia sidoides present phenolic compounds with
modulatory effects (inhibition or potentiation) on the activity of different enzymes, such as
phospholipases A,, proteases, and digestive enzymes. The antigenotoxic potential of these
extracts and their potential use in the prevention and treatment of several pathologies (e.g.,
thrombosis, obesity, diabetes, and inflammatory diseases) are also highlighted. However,
complementary studies should be conducted to detect the active compounds related to each

enzyme and their safety, bioavailability, efficacy, and doses for use.
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Resumo

Echinodorus macrophyllus contém alguns fitoquimicos como flavonoides, alcaloides, taninos e
esteroides, que podem induzir toxicidade, mas também sdo promissores para o desenvolvimento
de produtos com aplicacdo na promoc¢do e manutencdo da saude, melhoria do sistema
imunolégico e prevencdo de doencas. Neste estudo, os extratos aquoso e etanolico de folhas
dessa espécie, foram caracterizados por HPLC, investigados in vitro quanto a agdo moduladora
sobre enzimas de peconhas de serpentes, usadas como ferramentas laboratoriais, bem como
avaliados em ensaios de inibicdo de enzimas digestivas. Os extratos inibiram (7%) a atividade
fosfolipasica induzida pelas peconhas de Bothrops jararacussu e B. moojeni. A atividade
hemolitica induzida pela pegonha Crotalus durissus terrificus foi potencializada pelo extrato
etanolico entre 30 a 73% nas proporcdes analisadas. A atividade trombolitica, induzida pela
peconha de B. moojeni, foi inibida em 51% e 34% pelos extratos aquoso e etanolico na proporcao
de 1:5 (m:m), respectivamente. O tempo de coagulacdo induzido pelas peconhas de B. moojeni e
Lachesis muta muta foi prolongado ap6s incubacdo com ambos extratos. Os extratos também
exerceram acdo antigenotdxica sobre a fragmentacdo de DNA induzida pela peconha de L. muta
muta. Ambos extratos promoveram redugdo da atividade enzimatica de a-glicosidases e o extrato
etanolico também se mostrou inibidor de a-amilases. A inibi¢do de enzimas digestivas sugere a
acdo dos extratos na diminuicdo da disponibilidade caldrica proveniente da ingestdo de
carboidratos. Os resultados confirmam o potencial de uso terapéutico de E. macrophyllus na
prevencdo e tratamento de alteracdes hemostaticas, uma vez que, as proteinas de peconhas por ele
inibidas apresentam alta homologia com proteinas humanas que atuam em diversos processos

fisiopatoldgicos, tais como, resposta inflamatoria e coagulacdo sanguinea.

Palavras-chave: Inibidores de fosfolipases A,. Inibidores de proteases. Inibidores de enzimas

digestivas. Efeitos hemostaticos. Efeitos antigenotoxicos.
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1. Introducgéo

Indicios do uso de plantas para fins medicinais sdo encontrados desde os primérdios das
civilizacdes, sendo considerado uma das praticas mais antigas empregadas pelo homem para
cura, prevencdo e tratamento de doencas. Em muitos casos, as plantas medicinais tém sido
utilizadas como o Unico recurso na atencdo basica de salde, devido ao facil acesso, ndo exigéncia
de prescricdo médica, alto custo dos medicamentos industrializados e crenga de auséncia de
efeitos toxicos.

Na medicina popular, as folhas da espécie Echinodorus macrophyllus (Kunth) Micheli, da
familia Alismataceae, sdo amplamente utilizadas na forma de cha, preparado por infusdo ou
decoccdo, para o tratamento de infec¢Ges, doengas inflamatdrias, respiratorias e disfuncdes renais
(Tanus-Rangel et al., 2010). Essa espécie € encontrada na regido sudeste do Brasil,
principalmente em areas alagadas dos estados de Minas Gerais e Séo Paulo, e é conhecida
popularmente como chapéu de couro (Flor et al., 2011).

Estudos tém demonstrado a presenca de alguns compostos fendlicos, tais como,
flavonoides, triterpenos, alcaloides e taninos na espécie E. macrophyllus (Kobayashi et al., 2000;
Tanus-Rangel et al., 2010). Embora essa planta ja esteja listada na Farmacopeia Brasileira (tanto
em 1926 quanto em 1959), estudos ainda sd0 necessarios para seu UusSO posterior como
fitoterapico, ja que esta apresenta grande importancia farmacoldgica (Flor et al., 2011).

Os compostos bioativos tém sido investigados como moduladores enziméaticos com vistas
a aplicacdes terapéuticas na prevencdo e tratamento de diversas doencas. Neste sentido, as
peconhas de serpentes, constituem ferramentas valiosas para a caracterizacdo de moduladores
enzimaticos, ja que sdo ricas fontes de fosfolipases A, (PLA;) e proteases (metaloproteases e
serinoproteases), envolvidas na manutencdo da hemostasia, resposta inflamatéria e imunolégica.
Além disso, essas enzimas podem exibir até 96% de homologia funcional e estrutural com
enzimas presentes no corpo humano (Pozzi et al. 2016; Sales et al., 2017), possibilitando
prospectar o efeito dos inibidores enzimaticos sobre enzimas humanas.

Assim, neste estudo, os extratos, aquoso e etanolico das folhas de E. macrophyllus foram
caracterizados em ensaios farmacoldgicos e de toxicidade, avaliando seus efeitos sobre a
atividade de PLA,s e proteases (utilizando peconhas de serpentes como ferramentas
laboratoriais), bem como sobre atividades de enzimas digestivas, além de verificar seu potencial

antigenotoxico/genotoxico pelo teste do cometa, visando ampliar o conhecimento sobre o
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potencial nutracéutico exercido por estes extratos.

2. Material e Métodos
2.1. Material vegetal: Folhas de Echinodorus macrophyllus

As folhas de E. macrophyllus foram coletadas em marco de 2016, na Universidade
Federal de Lavras - UFLA, em Lavras, Minas Gerais (21° 14’Sul, longitude 45° 00” Oeste ¢ 918
m de altitude). A espécie foi identificada no Herbario do Departamento de Biologia da UFLA e
uma exsicata foi incorporada ao acervo do Herbario ESAL, sob o nimero de registro 30.251.

As folhas foram lavadas em agua destilada e submetidas a secagem em estufa, por periodo
de 72 horas, a temperatura de 35°C. As folhas secas foram moidas em moinho tipo Willey e a
farinha obtida submetida a extracdo. O extrato aquoso foi obtido por infusdo de 30 minutos na
proporcdo 1:25 (m:v), sendo em seguida filtrado, congelado e liofilizado. O extrato etanolico
(etanol 70%) foi obtido a temperatura ambiente por maceracdo estatica, sendo em seguida
filtrado, submetido a retirada do solvente em um evaporador rotativo (a 45°C), congelado e

liofilizado.

2.2. Triagem fitoquimica

Os extratos, aquoso e etanolico das folhas de E. macrophyllus, foram submetidos a
triagem fitoquimica, dos quais &cidos organicos, alcaloides, azulenos, carotenoides, catequinas,
depsidios e depsidonas, derivados de cumarinas, esteroides e triterpenoides, flavonoides,
glicosideos cardioténicos, lactonas sesquiterpénicas e outras lactonas, saponinas, purinas e
taninos, foram investigados. Reagentes especificos foram usados para cada grupo quimico, de
modo que as reacdes resultassem no desenvolvimento de coloracdo e/ou precipitado,

caracteristico para cada classe de substancias (Matos, 1997).

2.3. Composicao fendlica dos extratos determinada por HPLC

A analise cromatografica foi realizada utilizando-se cromatdgrafo liquido de alta
eficiéncia HPLC Shimadzu, equipado com duas bombas de alta pressdo LC-20AT, um detector
UV-visivel modelo SPD-M20A, forno CTO-20AC, uma interface CBM-20A e um injetor
automatico com amostrador SIL-20A. As separacdes foram realizadas utilizando-se uma coluna

Shim-pack VP-ODS-C18 (250 mm x 4,6 mm) conectada a uma pré-coluna Shim-pack Column
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Holder (10 mm x 4,6 mm).

Os extratos liofilizados, dissolvidos em &gua (1:20, m:v), e os padrBes fendlicos foram
filtrados em membrana de 0,45um (Millipore®) e injetados no cromatografo.

Os compostos fendlicos foram identificados por comparacdo com os tempos de retengéo
dos padrBes. Os padrBes utilizados foram: &cido ferulico, &cido salicilico, &cido siringico, acido
gélico, é&cido cafeico, acido p-cumarico, &cido vanilico, &cido clorogénico, epicatequina,
catequina, galato de epigalocatequina, resveratrol e quercetina. A quantificacdo foi realizada
através da construcdo de curvas analiticas obtidas por regresséo linear, considerando o coeficiente
de determinacéo (R?) de 0,99 (Marques et al., 2016).

2.4. Peconhas de serpentes

As peconhas brutas cristalizadas foram adquiridas comercialmente do serpentario
Bioagents (Batatais-SP). As peconhas foram pesadas (10 mg) e dissolvidas em 1 mL de salina
tamponada em fosfato (PBS, pH 7,4) para realizagdo dos ensaios.

2.5. Obtencao de sangue humano

Os protocolos que requerem o uso de material biolégico humano foram previamente
aprovados pelo Comité de Etica em Pesquisa com Seres Humanos (COEP) da Universidade
Federal de Lavras, sob o nimero de registro CAAE: 56628316.0.0000.5148.

O sangue utilizado foi coletado por puncdo venosa em tubos contendo heparina (para
atividade hemolitica e ensaio cometa), citrato (para atividade coagulante) ou sem anticoagulante

(para atividade trombolitica).

2.6. Atividade de fosfolipases A; e lise de eritrécitos

As atividades fosfolipasica e hemolitica foram avaliadas em meio solido conforme
descrito por Gutiérrez et al. (1988). O gel para avaliacdo da atividade fosfolipasica foi preparado
com CaCl, 0,01 mol L™ lecitinas de gema de ovo (fosfatidilcolina, fosfatidilserina e
fosfatidiletanolamina) 1:3 v:v; PBS (pH 7,4); agar bacteriolégico 1% e azida de sddio 0,005%,
sendo o meio vertido a 45-50°C em placas de petri. Para a atividade hemolitica o gel foi
elaborado substituindo os fosfolipideos de gema de ovo por um concentrado de eritrocitos
humanos (hematdcrito a 1%). Apos a solidificagdo dos géis, os tratamentos foram aplicados em
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orificios, e as placas mantidas em camara de cultivo celular por 12 horas a 37°C.

A inibicdo de fosfolipases A, foi avaliada realizando incubagdo prévia dos extratos
aquoso e etanolico de folhas de E. macrophyllus, por 30 minutos a 37°C, com as peconhas de
Bothrops atrox, B. jararacussu e B. moojeni (30 pg), em diferentes propor¢des (peconha:extrato,
m:m), e a inibicdo da atividade hemolitica foi avaliada utilizando as peconhas de B. jararacussu,
B. moojeni e Crotalus durissus terrificus (50 pg). Controles contendo apenas pegonha ou extrato
vegetal também foram avaliados.

Os halos transltcidos formados ao redor dos orificios no gel foram medidos (milimetros)
e as atividades expressas em porcentagem considerando os controles contendo apenas pegonhas
como 100% de atividade.

2.7. Efeitos sobre a dissolucéo de trombos, coagulacéo de plasma citratado e fibrinogenolise

A atividade trombolitica foi avaliada em coagulos sanguineos humanos formados in vitro,
de acordo com a metodologia descrita por Cintra et al. (2012). Os coagulos foram incubados por
24 horas a 37°C com amostras contendo B. moojeni e Lachesis muta muta (40 ug), PBS, ou
peconha previamente incubada (30 minutos a 37°C) com os extratos de E. macrophyllus. As
atividades foram quantificadas pela medida do volume de liquido liberado por cada trombo.
Controles contendo apenas peconhas foram considerados como 100% de atividade e a média dos
volumes obtidos no controle negativo (PBS) foi subtraida dos demais tratamentos.

Os efeitos exercidos pelos extratos de E. macrophyllus sobre a coagulacdo do plasma
foram avaliados utilizando a metodologia descrita por Rodrigues et al. (2000). Os extratos foram
previamente incubados com as peconhas de B. moojeni e Lachesis muta muta, as misturas foram
entdo adicionadas a tubos contendo plasma citratado (200 pL), e o tempo cronometrado até a
formacdo do coagulo. A dose coagulante minima foi definida como a menor quantidade de
peconha capaz de induzir coagulacdo entre 50 e 180 segundos (Selistre et al., 1990).

Para a avaliacdo da atividade fibrinogenolitica foi utilizada a eletroforese em gel de
poliacrilamida (SDS-PAGE) a 15% (m:v). Os extratos de E. macrophyllus foram previamente
incubados com a peconha de B. moojeni (50 pg) por um periodo de 30 minutos a 37°C, seguindo
com adi¢do do fibrinogénio e mais 90 minutos de incubacdo. As amostras foram submetidas a
eletroforese permitindo a observagdo das cadeias a, B e y do fibrinogénio, utilizado como

controle. Controles contendo fibrinogénio; fibrinogénio e extratos; fibrinogénio e pegonha, foram
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realizados.

2.8. Avaliacao de genotoxicidade/antigenotoxicidade

O ensaio do cometa foi usado para detectar danos nas moléculas de DNA de leucdcitos
humanos. Os tratamentos contendo a pegonha de Lachesis muta muta (50 pg em 300 pL de PBS)
com os extratos de E. macrophyllus foram incubados por 30 minutos 37°C. Em seguida, foram
adicionados 300 uL de sangue a cada tratamento e estes permaneceram em camara de cultura
celular por 4 horas a 37°C. Aliquotas de 75 pL dos incubados foram transferidas para tubos
contendo 225 pL. de agarose de baixo ponto de fusdo, sendo preparadas 3 laminas para cada
tratamento (Nandhakumar et al., 2011). As células inclusas nas laminas foram submetidas a lise
osmotica e em seguida a eletroforese (30V, 30 mA durante 30 minutos). Em seguida, 0s
nucleoides permaneceram em solucao de neutralizacédo (0,4 M Tris-HCI, pH 7,4) por 30 minutos,
e entdo, foram fixados com etanol, corados com iodeto de propidio e observados em microscopio
de epifluorescéncia. Os niveis de fragmentagdo dos nucleotideos foram determinados, conforme
descrito por Collins et al. (1997) com adaptacgdes (Reis et al., 2017).

2.9. Ensaios cinéticos com enzimas digestivas: com e sem simulacao de fluido géstrico

As enzimas utilizadas nestes ensaios foram: lipase pancreética suina (EC 3.1.1.3) tipo I,
Sigma; a-amilase pancredtica suina (EC 3.2.1.1) tipo VI B, Sigma; e tripsina pancreatica suina
(EC 3.4.21.4), Merck. A a-glicosidase (EC 3.2.1.20) foi obtida a partir do duodeno suino fresco,
de acordo com Pereira et al. (2010).

a-amilases: A atividade de a-amilases foi determinada segundo a metodologia proposta
por Noelting e Bernfeld (1948). Assim, 50 uL. da amostra ¢ 50 pL de enzima a-amilase foram
pré-incubados por 20 minutos em banho-maria a 37°C. Como substrato foi utilizado amido 1%
(Tris 0,05 mol L™, NaCl 38 mmol L™ e CaCl, 0,1 mmol L™, pH 7,0). Amostras e substrato (100
uL) foram incubados por 10, 20, 30 ¢ 40 minutos. As rea¢des foram interrompidas com adigéo de
acido 3,5-dinitrosalicilico (200 pL) e o produto quantificado em espectrofotdometro a 540 nm.

a-glicosidases: A atividade de a-glicosidases foi determinada de acordo com Kwon et al.
(2008), utilizando 5 mmol L™ de p-nitrofenil-a-D-glicopiranosideo como substrato, preparado em
tampdo citrato-fosfato 0,1 mol L™, pH 7,0. No ensaio, 50 uL dos extratos de E. macrophyllus e

100 pL de enzima foram incubados em banho a 37 °C, apds adigao de 50 pL. do substrato, por 10,
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20, 30 e 40 minutos. As reacdes foram interrompidas com adi¢do de 1.000 uL. de NaOH 0,05 mol
L™ e o produto quantificado em espectrofotdmetro & 410 nm.

Lipases: A atividade de lipases foi determinada de acordo com Souza et al. (2011),
utilizando 8 mmol L™ de p-nitrofenilpalmitato como substrato, preparado em tampé&o Tris-HCI
0,05 mmol L e 0,5% Triton X-100, pH 8,0. No ensaio, 50 uL dos extratos e 100 uL. da enzima
foram incubados em banho a 37°C, apos adigdo de 50 pL do substrato, por 10, 20, 30 e 40
minutos. As reagdes foram interrompidas com banho de gelo e adicdao de 1.000 puL de tampao
Tris-HCI 0,05 mmol L™, pH 8,0 e o produto foi quantificado em espectrofotometro & 410 nm.

Tripsinas: A atividade de tripsinas foi determinada segundo a metodologia descrita por
Erlanger et al. (1961). Assim, 200 pL dos extratos e 200 uL de enzima foram incubados em
banho a 37°C, por 10, 20, 30 e 40 minutos, ap6s adigdo de 800 puL do substrato p-benzoil-D-L
arginina p-nitroanilida (BApNA), preparado em tamp&o 0,05 mmol L™ Tris, pH 8,2. As reacdes
foram interrompidas com adi¢ao de 200 puL de acido acético 30% e o produto quantificado em

espectrofotébmetro a 410 nm.

2.9.1. Simulacéo do fluido gastrico

As atividades enziméticas foram também avaliadas apds incubacdo dos extratos com o
fluido gastrico simulado (preparado de acordo com The United States Pharmacopeia, 2005), por 1
h em banho a 37°C. Antes dos ensaios de atividades os incubados foram neutralizados com

bicarbonato de sodio até pH 7,2.

2.9.2. Andlise dos dados

Para atender a faixa de seguranca de 40 a 80% de inibicdo enzimatica, foram avaliadas
diferentes concentracdes dos extratos, aquoso e etandlico.

As inibigcOes das enzimas foram obtidas a partir da determinagéo das inclinagdes das retas
(absorbancia x tempo) correspondentes aos valores obtidos para a enzima controle (sem extratos)
e enzimas + amostra (extratos aquoso ou etanolico) nos ensaios de atividade. A inclinacdo da reta
corresponde a velocidade de formacdo do produto por minuto de reacdo. A presencga de agentes
inibidores resulta em diminui¢do dessa inclinagdo. Os valores de absorbancia foram convertidos
em micromols de produto com base em dados obtidos a partir de curvas padrdo elaboradas com

glicose (para a a-amilase) e com p-nitrofenol (para glicosidase e lipase). Para tripsina, o célculo
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de unidades de inibicdo foi realizado pelo coeficiente de extingdo molar do BApNA, determinado
por Erlanger et al. (1961).

2.10. Anélise estatistica

Os resultados foram apresentados como a média de triplicatas + desvio padréo obtidos em
trés ensaios independentes. Os dados foram avaliados estatisticamente por anélise de variancia, e
as médias comparadas usando o teste Tukey com auxilio do programa estatistico (p < 0,05) (R
Core Team, 2012).

3. Resultados e Discusséo

Os resultados da triagem fitoquimica indicaram a presenca de catequinas, flavonoides,
esteroides e triterpenos, cumarinas, saponinas e alcaloides, no extrato etandlico de Echinodorus
macrophyllus. Enquanto que, no extrato aquoso foram detectados apenas flavonoides, depsideos
e depsidonas.

Os teores de compostos fendlicos em ambos os extratos de E. macrophyllus séo
apresentados na Tabela 1 e Figura 1. O extrato aquoso apresentou 2,4 vezes mais teores de
compostos fenolicos do que o extrato etanodlico, além dos extratos apresentarem diferentes
composicdes, considerando a deteccdo de epicatequina e &cido ferdlico apenas no extrato aquoso.

Tabela 1. Teor de compostos fendlicos nos extratos aquoso e etandlico de folhas de Echinodorus
macrophyllus.

Compostos fenolicos Extrato aquoso Extrato etandlico
(mg 100g™)
Acido galico 22,40 + 0,40 15,13 + 0,67
Catequina 125,29 + 2,77 145,93 + 1,00
Acido clorogénico 30,34 + 0,49 18,00 + 0,46
Epicatequina 155,46 + 0,89 ni
Acido p-cumérico 290,71+ 4,71 89,44 +1,17
Acido ferdlico 31,43+0,34 ni
Resveratrol 21,13+ 0,30 18,00 + 0,48
> Compostos fenolicos 676,76 286,5

Os resultados correspondem as médias de triplicatas e os desvios padrdo calculados. ni = ndo identificado.
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Figura 1. Imagem superior: (A) Cromatograma do extrato aquoso de folhas de Echinodorus
macrophyllus, com identificacdo dos picos: 1. &cido galico (tempo = 6,301 min); 2. catequina
(tempo = 10,864 min); 3. acido clorogénico (tempo = 12,429 min); 4. epicatequina (tempo =
13,272 min); 5. &cido p-cumarico (tempo = 21,225 min); 6. &cido feralico (tempo = 26,222 min)
e 7. resveratrol (tempo = 35,000). (B) Expansdo do cromatograma de 5 a 25 min. Imagem
inferior: (A) Cromatograma do extrato etandlico de folhas de Echinodorus macrophyllus, com
identificacdo dos picos: 1. &cido galico (tempo = 6,560 min); 2. catequina (tempo = 10,867 min);
3. acido clorogénico (tempo = 12,592 min); 4. acido p-cumarico (tempo = 21,468 min); e 5.
resveratrol (tempo = 35,017 min). (B) Expansao do cromatograma de 5 a 12 min.

Os compostos fenolicos tém despertado grande interesse para a area médica, por
apresentarem propriedades farmacoldgicas, tais como as atividades citotoxicas e
quimioprotetoras (Dai; Mumper 2010). A ingestdo desses compostos a longo prazo, pode reduzir
a incidéncia de inimeras doencas que afetam a populagdo mundial, como diferentes tipos de
cancer, diabetes tipo Il, cardiovasculares e do sistema nervoso (Squillaro et al., 2018).

Alguns compostos bioativos, como saponinas, flavonoides, alcaloides, triterpenos e
esteroides, ja foram identificados na espécie E. macrophyllus (Tanus-Rangel et al., 2010), o que
corrobora com o presente estudo. Entretanto, sdo os flavonoides que tém sido relacionados ao
efeito anti-inflamatdrio dessa espécie (Tanus-Rangel et al., 2010; Silva et al., 2016). A fracao

enriquecida por flavonoides do extrato aquoso de E. macrophyllus foi capaz de inibir a
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inflamacgdo induzida por carragenina em camundongos, além de reduzir os niveis de Oxido
nitrico, leucotrieno B4 e a migracdo de neutrofilos (Silva et al., 2016).

Os flavonoides também podem atuar na protecdo de plaquetas contra o estresse
peroxidativo, modulando a atividade de enzimas envolvidas no metabolismo do acido
araquidonico, reduzindo a liberacdo de intermediérios reativos de oxigénio, aléem de inibir a
ativacdo plaquetaria e a formacéao de coagulos (Vitseva et al., 2005; Faggio et al., 2017).

Desta forma, os compostos fendlicos presentes nos vegetais representam moléculas
promissoras para serem utilizadas como agentes terapéuticos, contudo a eficicia desses

compostos depende de sua metabolizacéo e biodisponibilidade (Squillaro et al., 2018).

Atividade de fosfolipases A; e lise de eritrocitos

Os extratos, aquoso e etandlico de E. macrophyllus, potencializaram significativamente a
atividade fosfolipasica induzida pela peconha de Bothrops atrox em 6,2% e 12,5% nas
proporgdes avaliadas (Figura 2A). Para a pegonha de B. jararacussu, foram observadas inibi¢es
de 7,1% apo6s incubacdo com o extrato aquoso nas propor¢des de 1:0,1 a 1:2,5 (m:m) e com o
extrato etanolico em todas as propor¢des (Figura 2B). Apenas 0 extrato aquoso, nas maiores
proporc¢es, inibiu (7%) a atividade fosfolipasica induzida pela peconha de B. moojeni (Figura
20C).
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B. moojeni : extrato E. macrophyllus (m:m)
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Figura 2. Atividade fosfolipasica (%) induzida por peconhas de Bothrops atrox (A), Bothrops
jararacussu (B) e Bothrops moojeni (C), previamente incubadas com 0s extratos aquoso e

etandlico de folhas de Echinodorus macrophyllus. Atividade hemolitica (%) induzida por

peconhas de Bothrops jararacussu (D), Bothrops moojeni (E) e Crotalus durissus terrificus (F),

previamente incubadas com o0s extratos aquoso e etandlico de folhas de Echinodorus

macrophyllus. Controles (+) contendo apenas peconhas (30 pg para fosfolipases e 50 pg para
hemdlise) foram considerados como 100% de atividade. Os resultados correspondem as médias

de triplicatas de dados obtidos em cada propor¢

do (peconha: extrato, m:m) e os desvios padrao

calculados. a. difere estatisticamente do respectivo controle positivo pelo teste Tukey (p < 0,05),

em inibicdo.

b. difere em potencializacéo.

, catalisam a hidrdlise de fosfolipideos na

As fosfolipases A, de pegonhas de serpentes

ligag&o éster do carbono 2, causando danos nas membranas celulares e liberando lisofosfolipideos

e acidos graxos. A hidrolise dos fosfolipideos resulta em ativacdo da resposta inflamatéria e

cascata de coagulacdo devido & producdo de eicosanoides, pela acdo de cicloxigenases e
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lipoxigenases sobre a estrutura do &cido araquidonico (Leanpolchareanchai et al., 2009).

Diversos grupos de pesquisa investigam compostos naturais com agéo inibidora sobre
fosfolipases de peconhas de serpentes, uma vez que estas apresentam alta homologia estrutural e
funcional com fosfolipases humanas, atuantes em diversos processos fisioldgicos, permitindo
simular os efeitos desses compostos em organismos animais (Sales et al., 2017).

A atividade inibitéria sobre as fosfolipases A, associada a presenca de compostos
fenolicos, como &cido gélico, acido cafeico e galato de epigalocatequina, tem sido descrita para
diferentes extratos vegetais com acéo inibitoria e/ou preventiva sobre processos inflamatérios
(Pereariez et al., 2013; Thibane et al., 2018 in press).

Assim, a inibicdo de fosfolipases observada no presente trabalho pode ser parcialmente
atribuida a presenca de acidos fenolicos e flavonoides nos extratos de E. macrophyllus, uma vez
que estes estdo associados a uma menor producao de mediadores inflamatorios com acdo sobre
fosfolipases e cicloxigenases (Nworu; Akah, 2015).

A atividade hemolitica esta apresentada na Figura 2. O ensaio de lise de eritrocitos tem
sido utilizado como modelo experimental in vitro para investigar efeitos toxicos e anti-citotoxicos
de uma grande variedade de compostos naturais, quimicos e sintéticos. No presente estudo,
verificou-se que os extratos vegetais, ndo induziram hemdlise nas condi¢des, de concentracdo e
tempo de incubacdo, avaliadas. Entretanto, os extratos alteraram a atividade hemolitica exercida
pelas peconhas.

O extrato aquoso de E. macrophyllus na proporcdo de 1:5 (peconha:extrato, m:m) inibiu
100% a atividade hemolitica induzida pela peconha de B. jararacussu (Figura 2D). Sobre a
hemdlise induzida pela peconha de B. moojeni, os extratos aquoso e etanodlico exerceram
inibicbes estatisticamente significativas, variando de 11 a 100% e 30 a 100%, respectivamente
(Figura 2E). Ambos extratos aquoso e etandlico potencializaram a hemdlise induzida pela
peconha de C. durissus terrificus, com maior a¢do nas proporc¢des 1:0,5 (68%) e 1:0,05 (73%),
respectivamente (Figura 2F).

Estudos realizados por Assafim et al. (2011) demonstraram que o extrato etanolico de
Hypericum brasiliense inibiu 100% a atividade hemolitica induzida pela peconha de B. jararaca
na propor¢do de 1:50 (m:m). Diferentemente, Simé&o et al. (2015), relataram a inducdo de
hemolise por extrato aquoso de Pereskia grandifolia, possivelmente resultante de interacdes dos

constituintes do extrato com estruturas que compdem as membranas eritrocitarias. Estes
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pesquisadores atribuiram em parte, a agdo hemolitica, a presenca de saponinas no extrato de P.
grandifolia.

As saponinas possuem a capacidade de interagir com o0s esterois, presentes ha membrana
plasmatica dos eritrocitos, aumentando a permeabilidade da membrana e permitindo a entrada
excessiva de ions e agua nas células, resultando em sua ruptura (Karabaliev; Kochev, 2003).
Considerando os resultados obtidos no presente estudo, as saponinas presentes nos extratos de E.
macrophyllus, podem representar uma das hipdteses para explicar a potencializacdo da acao
hemolitica exercida pelas peconhas em algumas propor¢ées analisadas.

Dessa forma, os efeitos sinérgicos e aditivos dos compostos fendlicos (Lidija, 2015),
presentes nos extratos de E. macrophyllus, podem ser observados nas inibi¢cbes e/ou
potencializacdes das atividades exercidas por fosfolipases A, e proteases (metaloproteases e
serinoproteases), sendo estes efeitos oscilantes em relacdo as diferentes concentracdes avaliadas.

Os compostos fenolicos também podem se ligar ao sitio ativo ou a um sitio de
coordenacdo de cofatores ionicos, promovendo mudancas conformacionais nas enzimas, e

consequentemente alterando sua atividade catalitica (Sales et al., 2017).

Efeitos sobre a dissolucdo de trombos, coagulacéo de plasma citratado e fibrinogendlise

A atividade trombolitica induzida por peconhas de B. moojeni e Lachesis muta muta,
previamente incubadas com os extratos aquoso e etandlico de E. macrophyllus, esta apresentada
na Figura 3. O extrato aquoso potencializou a lise dos trombos induzida pela peconha de B.
moojeni nas proporcdes 1:0,5 e 1:1 (m:m) em 35 e 25% respectivamente, e na proporcdo 1:5 foi
observada inibicdo de 51%. O extrato etandlico inibiu a atividade trombolitica nas proporcées
1:1, 1:2,5 e 1:5 (m:m), sendo que na maior propor¢ao a inibicdo foi de 34% (Figura 3A).

Para a peconha de L. muta muta, a atividade trombolitica foi potencializada pelo extrato

aquoso em 43% (1:0,5, m:m), e pelo extrato etandlico em 47% (1:2,5 e 1:5, m:m) (Figura 3B).
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Figura 3. Atividade trombolitica (%) induzida por peconhas de serpentes das espécies
Bothrops moojeni (A), Lachesis muta muta (B), previamente incubadas com 0s extratos aquoso e
etanolico de folhas de Echinodorus macrophyllus. Controles (+) contendo apenas peconhas (40
pg) foram considerados como 100% de atividade. Os resultados correspondem as médias de
triplicatas e os desvios padrdo calculados. a. difere estatisticamente do respectivo controle
positivo pelo teste Tukey (p < 0,05), em inibicdo. b. difere em potencializacdo. Atividade
fibrinogenolitica: (C) Perfil eletroforético (SDS-PAGE) para avaliar o efeito dos extratos de
Echinodorus macrophyllus sobre a fibrinogendlise induzida pela peconha de Bothrops moojeni.
1- fibrinogénio (60 pg); 2- B. moojeni (60 pg) + fibrinogénio; 3- B. moojeni + fibrinogénio +
extrato aquoso de E. macrophyllus - EAEM (1:0,5; m:m); 4- B. moojeni + fibrinogénio + EAEM
(1:1; m:m); 5- B. moojeni + fibrinogénio + EAEM (1:2,5; m:m); 6- B. moojeni + fibrinogénio +
EAEM (1:5; m:m); 7- B. moojeni + fibrinogénio + extrato etandlico de E. macrophyllus- EEEM
(1:0,5; m:m); 8- B. moojeni + fibrinogénio + EEEM (1:1; m:m); 9- B. moojeni + fibrinogénio +
EEEM (1:2,5; m:m); 10- B. moojeni + fibrinogénio + EEEM (1:5; m:m); 11- fibrinogénio (60
ug).

A trombina é uma serinoprotease que apresenta papel fundamental nos processos de
coagulacdo sanguinea e cicatrizagdo de feridas, sendo responsavel por catalisar a conversédo do

fibrinogénio em fibrina (Zhang et al., 2017). Entretanto, o acimulo de fibrina, no interior dos
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vasos sanguineos, induzido, por exemplo, por ativacdo excessiva de trombina e fator X, resulta
em trombose, que corresponde a doenca cardiovascular mais frequente e a principal causa de
mortalidade no mundo (Bora et al., 2018).

Portanto, uma das estratégias para o tratamento de doencas trombdticas, € a reducdo da
atividade de enzimas da cascata de coagulacdo sanguinea, como, por exemplo, a trombina, com o
uso de compostos vegetais, considerando que os inibidores sintéticos para estas enzimas estao
associados a sérios efeitos colaterais como, por exemplo, hemorragias (Bora et al., 2018).

Choi et al. (2015) relataram a atividade inibidora do flavonoide, kaempferol (30 ug),
sobre a trombina e o fator Xa, sendo descrita uma reducgdo de 71% na formacéo de polimeros de
fibrina. No mesmo contexto, o extrato etanolico das folhas de Brownea rosademonte foi descrito
com acao inibitdria sobre as proteases trombina-simile presentes na peconha de B. asper (Salazar
et al., 2014), e o extrato metandlico de Leucas lavandulifolia atuando na lise de coagulos, teve
sua agédo associada a presenga de taninos e alcaloides em sua composicéao (Islam et al., 2017).

No presente estudo, diferentes proporc¢des dos extratos incubados com as peconhas de B.
moojeni e L. muta muta, aumentaram a dissolucdo de trombos sanguineos (Figura 3), sugerindo
que os diferentes compostos presentes nos extratos, principalmente flavonoides e alcaloides,
poderiam atuar como inibidores de trombina, com potencial de aplicacdo no tratamento de
doencas trombdticas (Choi et al., 2015; Chang et al., 2018), ou como potencializadores de
proteases hemorragicas.

O fibrinogénio é uma glicoproteina plasméatica que desempenha importante funcdo na
coagulacdo e agregacdo plaquetaria, sendo constituido de trés pares de cadeias polipeptidicas
(cadeia alfa, beta e gama), ligadas entre si por interacGes dissulfeto (Chapin; Hajjar, 2015). A
quebra de suas cadeias pode levar a alteragfes no processo de coagulacdo com consequente
inducdo de hemorragias e/ou formacao de codgulos sanguineos.

Dessa forma, o potencial fibrinogenolitico de toxinas de pe¢onhas tém sido avaliado, uma
vez que, o fibrinogénio, utilizado como substrato permite determinar a acdo de proteases e seus
inibidores sobre a cascata de coagulacdo sanguinea e demais processos dependentes desta, além
de permitir a caracterizacdo de compostos naturais com propriedades antiofidicas.

O extrato aquoso de E. macrophyllus inibiu parcialmente a fragmentacdo de moléculas de
fibrinogénio, induzida por proteases presentes na pegonha de B. moojeni, nas proporcdes de 1:0,5
e 1:1 (m:m) (Figura 3, Linhas 3 e 4). Para o extrato etanolico, atividade similar foi observada nas
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proporgoes 1:0,5 e 1:2,5 (Figura 3, Linhas 7 e 9). As fibrinogenases induzem a formacdo de
coagulos sanguineos por meio da formagéo de redes de fibrina resultantes da quebra das cadeias
de fibrinogénio, assim, os extratos podem ser considerados inibidores de proteases e ainda
atuarem na reducéo da formacdo de coagulos.

Os resultados da atividade coagulante corroboram com a inibicdo exercida pelos extratos,
observada sobre a fibrinogenodlise, uma vez que a incubacdo prévia de peconhas de serpentes com
0s extratos resultou em aumento no tempo de coagulacdo do plasma citratado (Tabela 2).

Em estudos realizados por Vale et al. (2011), flavonoides isolados (galocatequina e
miricetina-3-0-glicosideo) da espécie Schizolobium parahyba apresentaram acdo inibidora sobre
a atividade fibrinogenolitica induzida por metaloproteases de B. jararacussu. A degradacdo das
cadeias a, B e y das moléculas de fibrinogénio, induzida pelas pegonhas de B. atrox, B. jararaca e
B. jararacussu, também foi inibida provavelmente por compostos fenolicos presentes no extrato
de Humirianthera ampla, conforme descrito por Strauch et al. (2013).

Para os testes de inducdo de coagulacdo em plasma citratado foram utilizadas doses
coagulantes minimas, pré-determinadas, sendo estas 5 pg e 10 ug de pegonhas de B. moojeni e
Lachesis muta muta, respectivamente. Na analise dos resultados foram considerados valores
padres obtidos em coagulogramas realizados nas rotinas de laboratérios de analises clinicas.
Dessa forma, valores de tempos obtidos nos tratamentos iguais ou superiores em 10 segundos,
aos tempos obtidos no controle positivo, foram considerados significativamente diferentes deste,
uma vez que alguns processos da cascata de coagulacdo, como a ativacdo da protrombina
(normalmente entre 10 e 14 segundos) e ativacdo parcial de tromboplastina (normalmente entre
24 e 40 segundos) podem ocorrer entre 10 e 24 segundos.

Os extratos, aquoso e etanolico de E. macrophyllus, previamente incubados com a
peconha de B. moojeni nas proporcbes analisadas, promoveram aumentos no tempo de
coagulacdo do plasma citratado, em relagdo ao controle de 24 a 67 segundos e 21 a 51 segundos,
respectivamente (Tabela 2).

O extrato aquoso quando previamente incubado com a peconha de L. muta muta,
promoveu aumento no tempo de coagulagédo, nas proporgdes analisadas 1:1 (m:m) (28 seg.), 1:2,5
(50 seg.), 1:5 (66 seg.) e 1:10 (67 seg.). O extrato etanodlico, agindo sobre a mesma peconha, em
todas as proporgdes analisadas, também induziu aumentos no tempo de coagulagdo do plasma,

sendo observados tempos de coagulacdo de 22 a 85 segundos, superiores ao controle (Tabela 2).
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Tabela 2. Efeito dos extratos aquoso e etandlico de folhas de Echinodorus macrophyllus sobre a
atividade coagulante induzida por pegonhas de serpentes das espécies Bothrops moojeni e
Lachesis muta muta, sobre plasma humano citratado.

Tempo de coagulagao (s)

Proporcéo peconha:

Bothrops moojeni Lachesis muta muta

extrato (m:m)

1:.0,5 75,33+ 3,79 90,00 + 6,08
1:1 94,00 + 4,36 123,67 + 8,74°
Extrato 125 98,00 + 10,56 146,33 + 7,23°
aquoso . .
1:5 122,67 £ 5,13 162,00 + 4,36
1:10 136,67 + 1,15 163,33 + 9,45°
1:0,5 90,33 + 6,66 118,33 £ 9,07°
1:1 96,00 + 4,51° 133,33 £ 2,52°
Extrato - -
1:2,5 110,67 £ 7,51 140,00 + 6,24
etandlico
1:5 115,67 + 3,79 157,00 £ 5,13°
1:10 120,67 + 2,08 181,67 + 8,33°
Controle 69,67 + 3,21* 96,00 £ 7,37**

*0 controle foi realizado com 5ug da pegonha avaliada. **O controle foi realizado com 10 pg da peconha
avaliada. Os resultados sdo apresentados como a média de triplicatas + desvio padrdo. °difere dos
respectivos controles positivos em valores iguais ou superiores a 10 segundos, pelo teste Tukey (p < 0,05).

Para prevenir a perda de sangue, 0 sistema hemostatico, necessita do equilibrio entre a
formacdo de fibrina (coagulacdo) e a dissolucdo da mesma (fibrindlise) e, portanto, qualquer
alteracdo nesse sistema pode ocasionar sérios problemas como trombose ou hemorragia (Pereira;
Brazon, 2015). Dessa forma, o desenvolvimento de coagulopatias relacionam-se a ativacao
excessiva local ou sisttmica da coagulacdo, ou a atividade fibrinolitica local ou sistémica
excessiva (Rasche, 2001).

Neste contexto, destacam-se enzimas envolvidas na cascata de coagulacdo, dentre elas,
metaloproteases hemorragicas que atuam como anticoagulantes; metaloproteases pro-coagulantes
que induzem a formacgéo de redes de fibrina, como as fibrinogenoliticas; serinoproteases que
também podem atuar como anticoagulantes, porém com menor eficiéncia, ja que séo
responsaveis pela formacdo de coagulos fridveis; e por ultimo, algumas fosfolipases A, que

também podem agir como pro-coagulantes (Cate et al., 2017).
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Desta maneira, a busca por inibidores de fosfolipases e proteases, em extratos vegetais é
de grande importancia no &mbito da manutencéo fisiopatoldgica e/ou no controle dos distarbios
da hemostasia, visto que, a agdo de compostos vegetais na formacdo de complexos com ions
calcio pode resultar ndo apenas na inibicdo de fosfolipases A,, mas também em acéo
anticoagulante, uma vez que o célcio é cofator essencial para a atividade de proteases humanas
que atuam na cascata de coagulacdo (Moura et al., 2016).

Ambos os extratos de E. macrophyllus, quando previamente incubados com diferentes
peconhas, aumentaram o tempo de coagulagdo, provavelmente por agirem como inibidores sobre
algumas enzimas coagulantes e, podendo ser futuramente explorados com potencial de aplicacdo
no tratamento de doengas cardiovasculares. Porém, para compreender tais acdes, no intuito de
avaliar suas doses e formulacdes de uso eficazes e seguras, novos estudos ainda Sdo necessarios,

permitindo a exploracdo do potencial farmacoldgico dos extratos.

Teste do cometa

Nos resultados da fragmentacdo de moléculas de DNA, ndo houve diferenca estatistica
entre 0s nucleoides tratados com os extratos de E. macrophyllus, quando incubados com a
peconha de L. muta muta, e os sem tratamento (controle negativo) nas classes de danos de 1 a 4
(Tabela 3), destacando o potencial antigenotoxico dos extratos.
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Tabela 3. Média do nimero de nucleoides por classe de cometa apds tratamento com 0s extratos
aquoso e etandlico de folhas de Echinodorus macrophyllus previamente incubados com a
peconha de Lachesis muta muta.

Classes cometa (Danos %)

Tratamentos
0 (55) 1(5-20) 2(20-40) 3 (40-85) 4 (>85)
C() 499+5,4a 48,0+7,1a 2,1+0,8b  0,0+0,0c  0,0+0,0b
C (H)* 2,1+0,8d 12,8+6,2¢c 44,3+5,4a 31,9+7,3a 8,9+4,7a
C(H)** 10,1+4,4¢  31,1+0,7b 39,6+6,1a 9,7+3,2b  6,4+0,7a
(1:0,5) 35,7£7,0b  57,2+4,5a 10,3+1,7b  0,0£0,0c  0,0+0,0b
) Aquoso
Pegonha: (1:1) 36,2+4,8b  56,0+8,3a  7,7+3,0b  0,0£0,0c  0,0+0,0b
extrato E.
macrophyllus (1:0,5) 33,8£2,8b 59,2252 6,0£0,3b  0,0+0,0c  0,0+0,0b
(m:m) Etanolico

(1:1)  34,543,8b  55,240,8a 11,5+2,2b  0,0+0,0c  0,0+0,0b

C (-): apenas a solucéo sanguinea. C (+)*: Lachesis muta muta (50 ug mL™).C (+)**: Doxorubicina (100
ug mL™), droga antitumoral genotéxica. Os valores representam a média de 3 testes realizados com
sangue de voluntarios diferentes, sendo observados 300 nucleoides por tratamento/voluntério,
contabilizando um total de 900 nucleoides/tratamento. Mesmas letras nas colunas ndo diferem entre si
pelo teste Tukey (p < 0,05).

A frequéncia média de danos (Figura 4A) e os valores de unidades arbitrarias (U.A.)
(Figura 4B) demonstraram que ambos os extratos de E. macrophyllus reduziram a fragmentacao
das moléculas de DNA induzida pela peconha de L. muta muta, tendo portanto, acdo anti-
genotdxica. As U.A. foram de 74,3 e 78,2 para 0s extratos aquoso e etanolico, respectivamente,
sendo aproximadamente 3 vezes menores que o0 valor obtido para o controle positivo (pegonha)
de 232,7.

Os controles dos extratos puros nas concentragdes de 250 g mL™ e 50 ng mL™ também
foram realizados, sendo que o0s extratos aquoso e etandlico, na maior concentracdo, induziram
fragmentacdo do DNA, possivelmente, devido a brusca alteracdo no ambiente de incubacéo
celular, ressaltando ainda que os niveis de danos foram 24% e 13% menores, respectivamente,

que os observados para a peconha de L. muta muta (resultados ndo apresentados).
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Figura 4. Ensaio cometa. (A) Frequéncia de danos (%). (B) Unidades arbitrarias, calculadas de
acordo com Collins (2004). Mesmas letras nédo diferem entre si pelo teste Tukey (p < 0,05).

(&
(o9
Q,

Danos ao DNA avaliados pelo teste do cometa sdo amplamente utilizados em ensaios de
genotoxicidade e estudos sobre mecanismos de dano e reparo do DNA, uma vez que, 0 teste
cometa representa uma técnica de alta sensibilidade, segura e confiavel, visto que permite avaliar
danos em células individuais (Vaz et al., 2016).

O extrato aquoso de E. macrophyllus foi previamente avaliado por Lopes et al. (2000) e
estes autores verificaram a auséncia de citotoxicidade in vitro sobre células de epitélio renal e
figado de camundongos. Vaz et al. (2016) descreveram para 0 extrato etandlico da mesma
espécie vegetal, a auséncia de agao genotoxica nas doses avaliadas.

O efeito de extratos brutos da espécie Echinodorus grandiflorus sobre moléculas de DNA
de leucocitos de camundongos Swiss foram também analisados (Silva et al., 2010), sendo
observados scores de danos ndo genotdxicos, similares aos obtidos no controle negativo. Segundo
0s mesmos pesquisadores a auséncia de genotoxicidade foi atribuida a presenca de compostos
presentes nos extratos, como saponinas, esteroides e flavonoides, considerados protetores junto a
estabilidade de moléculas proteicas e de DNA. No presente estudo, também foram identificados
flavonoides, esteroides e saponinas nos extratos de E. macrophyllus, sugerindo a participacéo
destes compostos na protecdo das moléculas de DNA, exercendo assim acgdo antigenotoxica

contra as toxinas presentes na peconhas de L. muta muta.
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Inibicdo de enzimas digestivas
O resultado dos efeitos moduladores dos extratos aquoso e etandlico de E. macrophyllus
sobre as enzimas a-amilase, a-glicosidase, lipase e tripsina, avaliados antes e apds exposi¢do ao

fluido gastrico simulado, estdo apresentados na Tabela 4.

Tabela 4. Efeito dos extratos, aquoso e etanolico de folhas de Echinodorus macrophyllus sobre a
atividade de enzimas digestivas, avaliado antes e apds a simulacao do fluido gastrico.

Echinodorus macrophyllus

Extrato aquoso Extrato etandlico
Enzima — —— - — — 7
Inibicdo antes da Inibicdo apos a Inibicdo antes da Inibicdo apos a
exposicio exposicio exposicio exposicdo
(VEI? (%) (VEI? (%) (VEI? (%) (UEN)® (%)
a-amilase ns 26,29 nd nd 7,85+1,21 53,62 11,59+0,39 68,36
a-glicosidase  1,00+0,09 60,0 1,03+0,04 70,46 0,70+0,05 42,84 0,72+0,04 49,54
Lipase ns 37,1 nd nd ns 27,24 nd nd
Tripsina ns 11,95 nd nd ns 26,73 nd nd

Dados de cinco repeti¢des, com média + desvio padrao.

%0 extrato de Echinodorus macrophyllus medido para cada uma das enzimas foi diluido para fornecer
uma inibicdo entre 40% e 80%, a fim de garantir a confiabilidade dos resultados.

UEI = Unidade de Enzima Inibida em pmol min'g™' amostra (extrato)

nd = inibicdo ndo determinada

ns = inibi¢do ndo significativa

O extrato etandlico apresentou inibigdo de 53,62% sobre a enzima a-amilase, e apos
exposi¢do ao fluido géstrico simulado houve um aumento de 27,5% na inibicdo observada.

Para a atividade da a-glicosidase, os extratos aquoso e etanodlico de E. macrophyllus,
apresentaram inibigdo de 1,00 ¢ 0,70 pmol min ‘g", respectivamente, que equivalem em ordem &
60,0% e 42,84%. Porém, 0s extratos aquoso e etanolico, apds passagem pela simulacédo de fluido
gastrico, apresentaram acdes inibitorias de 70,46% e 49,54%, respectivamente. O aumento da
inibicdo enzimatica, exercida pelos extratos, apos a exposi¢do ao fluido gastrico simulado, pode
ser explicada pela ionizagdo de grupos ativos resultante da alteragdo no pH.

A inibigdo de a-amilase e a-glicosidase pode ser usada como estratégia para controlar a
hiperglicemia pos-prandial, que caracteriza um fator de risco para o desenvolvimento de
complicacdes micro e macrovasculares decorrentes do diabetes mellitus (Justino et al., 2018).

Alguns compostos fendlicos, devido a sua capacidade de se ligarem a proteinas, ja foram

relatados como inibidores de hidrolases glicosidicas. Segundo Justino et al. (2018) a presenca de
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compostos como acido clorogénico, acido cafeico, catequina, quercetina e rutina em extratos de
Annona muricata esta relacionada a a¢do inibitéria sobre a-amilase e a-glicosidase, observada
pelos autores. Estes pesquisadores sugerem um mecanismo de inibicdo enzimatica pela acdo de
muitos grupos hidroxilas presentes nos compostos fendlicos.

A inibigdo da atividade da a-glicosidase também foi relatada para o extrato hidroalcodlico
de Moringa stenopetala, rico em compostos fenolicos e flavonoides (Toma et al., 2014). A
presenca de flavonoides, detectados nos extratos de E. macrophyllus, também pode ter
contribuido para a a¢do inibidora sobre as enzimas a-amilase e a-glicosidase, uma vez que estes
compostos tém sido descritos como responsaveis por efeitos antiaterogénicos, anti-
hiperglicémicos, oxidacdo de lipoproteinas, agregacdo plaquetaria e reatividade vascular
(Mukherjee et al., 2006).

Franco et al. (2018) relataram para o extrato etandlico da espécie Echinodorus
grandiflorus valores de inibigdo sobre a atividade da a-glicosidase menores que 40%, embora
tenham observado alta atividade inibitoria sobre lipase.

Contudo, no presente trabalho, ambos os extratos de E. macrophyllus, apresentaram baixa
porcentagem de inibicdo sobre a atividade de lipase e tripsina. A inibicdo da lipase somaria aos
efeitos benéficos dos extratos, uma vez que, representa uma alternativa promissora ao tratamento
da obesidade e diabetes mellitus, considerando que além da hiperglicemia, essas doengas
metabdlicas estdo associadas com niveis elevados de triglicerideos no sangue, decorrentes de
dietas ricas em gordura e sedentarismo (Toma et al., 2014). Assim, inibindo a lipase, a absor¢édo
de acidos graxos livres seria reduzida e consequentemente diminuiria a hiperlipidemia associada
a essas doencas (Birari; Bhutani, 2007).

As baixas taxas de inibicdo exercidas pelos extratos de E. macrophyllus sobre a atividade
de tripsina, sdo favoraveis ao uso terapéutico desta planta, uma vez que, inibidores de tripsina
presentes na dieta podem interferir no metabolismo normal e sistémico de alguns érgdos como
pancreas, figado e musculo, alterando assim a taxa de crescimento de animais jovens (Lima et al.,
2004).

4. Concluséo
Os extratos de E. macrophyllus apresentam substancias bioativas que conferem potencial

de uso terapéutico para o tratamento de varias doencas com origem ou progressdo inflamatorias,
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relacionadas ao desequilibrio do sistema hemostatico. Estes extratos foram capazes de modular a
atividade enzimética de fosfolipases A, (envolvidas na geracdo de eicosanoides com acgdo
principalmente na resposta inflamatdria e coagulacdo sanguinea) e proteases (fibrinogenoliticas e
trombina-simile), principalmente pela acdo de compostos fendlicos que interagem com sitios
cataliticos das enzimas, sitios ligantes de cofatores ou ainda com regides hidrofobicas presentes
nestas moléculas. Os extratos destacaram-se também pela atividade antigenotoxica, com possivel
efeito protetor sobre componentes celulares. Estudos complementares poderdo definir
formulacGes, dosagens e formas de administracdo seguras e eficazes que possibilitem a utilizacéo

terapéutica desta espécie vegetal.

Conflito de interesse

Os autores declaram ndo ter conflito de interesse.

Agradecimentos

Os autores agradecem o apoio financeiro do Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico, a Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior e a
Fundacgdo de Amparo a Pesquisa de Minas Gerais (CNPg/CAPES/FAPEMIG), Brasil.

Referéncias

Assafim, M., Coriolano, E.C., Benedito, S.E., Fernandes, C.P., Lobo, J.F.R., Sanchez,
E.F., Rocha, L.M., Fuly, A.L., 2011. Hypericum brasiliense plant extract neutralizes some
biological effects of Bothrops jararaca snake venom. J. Venom Research. 2, 11-16.

Birari, R., Bhutani, K., 2007. Pancreatic lipase inhibitors from natural sources: unexplored
potential. Drug Discov. Today. 12, 879-809.

Bora, B., Gogoi, D., Tripathy, D., Kurkalang, S., Ramani, S., Chatterjee, A., Mukherjee, A.S.,
2018. The N-terminal-truncated recombinant fibrin(ogen)olytic serine protease improves its
functional property, demonstrates in vivo anticoagulant and plasma defibrinogenation activity as
well as pre-clinical safety in rodent model. Int. J. Biol. Macromol. 111, 462-474.

Cate, H.T., Hackeng, T.M., Frutos, P.G., 2017. Coagulation factor and protease pathways in
thrombosis and cardiovascular disease. J. Thromb. Haemost. 117, 1265-1271.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandes%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=21654896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=21654896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanchez%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=21654896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rocha%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21654896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fuly%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=21654896
https://www.ncbi.nlm.nih.gov/pubmed/17933690
https://www.ncbi.nlm.nih.gov/pubmed/29292153

145

Chang, S., Yang, Z., Han, N., Liu, Z., Yin, J., 2018. The antithrombotic, anticoagulant activity
and toxicity research of ambinine, an alkaloid from the tuber of Corydalis ambigua var.
amurensis. Regul. Toxicol. Pharmacol. 95, 175-181.

Chapin, J.C., Hajjar, K.A., 2015. Fibrinolysis and the control of blood coagulation. Blood Rev.
29, 17-24.

Choi, J.H., Park, S.E., Kim, S.J., Kim, S., 2015. Kaempferol inhibits thrombosis and platelet
activation. Biochimie. 115, 177-86.

Cintra, A.C., Toni, L.G., Sartim, M.A., Franco, J.J., Caetano, R.C., Murakami, M.T., Sampaio,
S.V., 2012. Batroxase, a new metalloproteinase from B. atrox shake venom with strong
fibrinolytic activity. Toxicon. 60, 70-82.

Collins, A.R., Dusinska, M., Franklin, M., Somorovska, M., Petrovska, H., Duthie, S., Fillion, L.,
Panayiotidis, M., Raslov4, K., Vaughan, N., 1997. Comet assay in human biomonitoring studies:
reliability, validation, and applications. Environ. Mol. Mutagen. 30, 139-146.

Collins, A.R., 2004. The comet assay for DNA damage and repair: principles, applications, and
limitations. Mol. Biotechnol. 26, 249-261.

Dai, J., Mumper, R., 2010. Plant phenolics: extraction, analysis and their antioxidant and
anticancer properties. Molecules. 15, 7313-7352.

Erlanger, B.F., Kokowsky, N., Cohen, W., 1961. The preparation and properties of two new
chromogenic substrates of trypsin. Arch. Biochem. Biophys. 95, 271-278.

Faggio, C., Sureda, A., Morabito, S., Sanches-Silva, A., Mocan, A., Nabavi, S.F., Nabavi, S.M.,
2017. Flavonoids and platelet aggregation: A brief review. Eur. J. Pharmacol. 807, 91-101.

Flor, R.V., Campos, M.A.A., Solano, A.G.R., Jokl, L., Dantas-Barros, A.M., 2011. Drying of
Echinodorus macrophyllus and autoclaving and lyophilization of the fluid-extract: effects on the
pharmacochemical composition. Braz. J. Pharmacogn. 21, 518-524.

Franco, R.R., Carvalho D.S.,de Moura, F.B.R. Justino, A.B.,Silva, H.C.G., Peixoto,
L.G., Espindola, F.S., 2018. Antioxidant and anti-glycation capacities of some medicinal plants
and their potential inhibitory against digestive enzymes related to type 2 diabetes mellitus. J.
Ethnopharmacol. 215, 140-146.

Gutiérrez, J.M., Avila, C., Rojas, E., Cerdas, L., 1988. An alternative in vitro method for testing
the potency of the polyvalent antivenom produced in Costa Rica. Toxicon. 26, 411-413.

Islam, A., Hussain, M.S., Sen, N., Abedin, F., Millat, M.S., Islam, M.S., Das, A., Kar, A.,
Hossain, M.M., 2017. Investigation of in vitro thrombolytic and anti-helminthic activity and in
vivo anxiolytic and antidepressant potentiality with phytochemical natureof methanolic extract of
Leucas lavandulifolia. Sust. Chem. Pharmacy. 6, 61-66.


https://www.ncbi.nlm.nih.gov/pubmed/29524465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chapin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=25294122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hajjar%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=25294122
https://www.ncbi.nlm.nih.gov/pubmed/25294122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=26073152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=26073152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=26073152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26073152
https://www.ncbi.nlm.nih.gov/pubmed/26073152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faggio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sureda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morabito%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanches-Silva%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mocan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nabavi%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nabavi%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=28412372
https://www.ncbi.nlm.nih.gov/pubmed/28412372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20Carvalho%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Moura%20FBR%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Justino%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20HCG%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peixoto%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peixoto%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Espindola%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=29274842
https://www.ncbi.nlm.nih.gov/pubmed/29274842
https://www.ncbi.nlm.nih.gov/pubmed/29274842

146

Justino, A.B., Miranda, N.C., Franco, R.R., Martins, M.M., Silva, N.M.D., Espindola, F.S., 2018.
Annona muricata Linn. leaf as a source of antioxidant compounds with in vitro antidiabetic and
inhibitory potential against a-amylase, a-glucosidase, lipase, non-enzymatic glycation and lipid
peroxidation. Biomed. Pharmacother. 100, 83-92.

Karabaliev, M., Kochev, V., 2003. Interaction of solid supported thin lipid films with saponin.
Sens. Actuators B: Chemical. 88, 101-105.

Kobayashi, J., Sekiguchi, M., Shimamoto, S., Shigemori, H., Ohsaki, A., 2000. Echinophyllins
C-F, new nitrogen-containing clerodane diterpenoids from Echinodorus macrophyllus. J. Nat.
Prod. 63, 1576-1579.

Kwon, Y.I., Apostolidis, E., Shetty, K., 2008. Inhibitory potential of wine and tea against a-
amylase and o-glucosidase for management of hyperglycemia linked to type 2 diabetes. J. Food
Biochem. 32, 15-31.

Leanpolchareanchai, J., Pithayanukul, P., Bavovada, R., Saparpakorn, P., 2009. Molecular
docking studies and anti-enzymatic activities of Thai Mango seed kernel extract against snake
venoms. Molecules. 14, 1404-1422.

Lidija, J., 2015. Interactions of polyphenols with carbohydrates, lipids and proteins. Food Chem.
15, 556-567.

Lima, L.M., Aradjo, A.H., Oliveira, A.S., Pereira, R.A., Miranda, M.R.A., Sales, M.P., 2004.
Comparative digestibility and the inhibition of mammalian digestive enzymes from mature and
immature cowpea (Vigna unguiculata (L.) Walp.) seeds. Food Control. 15, 107-110.

Lopes, C.L., Albano, F., Laranja, G.A.T., Alves, L.M., Martins e Silva, L.F., de Souza
G.P., Aratjo .M., Nogueira-Neto J.F., Felzenszwalb, I., Kovary, K., 2000. Toxicological
evaluation by in vitro and in vivo assays of an aqueous extract prepared from Echinodorus
macrophyllus leaves. Toxicol Lett. 116, 189-198.

Marques, T.R., Caetano, A.A., Simdo, A.A., Castro, F.C.0., Ramos, V.O., Corréa, A.D., 2016.
Metanolic extract of Malpighia emarginata bagasse: phenolic compounds and inhibitory
potential on digestive enzymes. Rev. Bras. Farmacogn. 26, 191-196.

Matos, F.J.A., 1997. Introducéo a fitoquimica experimental, 2 ed. UFC, Fortaleza.

Moura, V.M., da Silva, W.C., Raposo, J.D., Freitas-de-Sousa, L.A., Santos, M.C., de Oliveira,
R.B., Veras Mour&o, R.H., 2016. The inhibitory potential of the condensed-tannin-rich fraction of
Plathymenia reticulata Benth. (Fabaceae) against Bothrops atrox envenomation. J.
Ethnopharmacol. 183, 136-142.

Mukherjee, P., Maiti, K., Mukherjee, K., Houghton, P., 2006. Leads from Indian medicinal plants
with hypoglycemic potentials. J. Ethnopharmacol. 106, 1-28.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Justino%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29425747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miranda%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=29425747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=29425747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martins%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=29425747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20NMD%5BAuthor%5D&cauthor=true&cauthor_uid=29425747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Espindola%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=29425747
https://www.ncbi.nlm.nih.gov/pubmed/29425747
https://www.ncbi.nlm.nih.gov/pubmed/25577120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20Alves%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernando%20Martins%20e%20Silva%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poubel%20de%20Souza%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poubel%20de%20Souza%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Magalh%C3%A3es%20Araujo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Firmino%20Nogueira-Neto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Felzenszwalb%20I%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kovary%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10996480
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Moura%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raposo%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freitas-de-Sousa%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dos-Santos%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=26940901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veras%20Mour%C3%A3o%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=26940901

147

Nandhakumar, S., Parasuraman, S., Shanmugam, M.M., Rao, K.R., Chand, P., Bhat, B.V., 2011.
Evaluation of DNA damage using single-cell gel electrophoresis (Comet Assay). J. Pharmacol.
Pharmacother. 2, 107-111.

Noelting, G., Bernfeld, P., 1948. Sur les enzymes amylolytiques - Ill. La B-amylase: dosage
d'activité et controle de I'absence d'a-amylase. Helv. Chimica Acta. 31, 286-290.

Nworu, C.S., Akah, P.A., 2015. Anti-inflammatory medicinal plants and the molecular
mechanisms underlying their activities. Afr. J. Tradit. Complement. Altern. Med. 12, 52-61.

Pereafiez, J.A., Nufiez, V., Rojano, B., Lobo-Echeverri, T., 2013. Inhibitory effects of Swietenia
macrophylla on myotoxic phospholipases A,. Rev. Bras. Farmacogn. 23, 885-894.

Pereira, L.L.S., Souza, S.P., Silva, M.C., Carvalho, G.A., Santos, C.D., Correa, A.D., Abreu,
C.M.P., 2010. Atividade das glicosidases na presenca de cha verde e de cha preto. Rev. Bras.
Plant. Medicinais (Impresso). 12, 516-518.

Pereira, B., Brazdn, J., 2015. Agueous extract from Brownea grandiceps flowers with effect on
coagulation and fibrinolytic system. J. Ethnopharmacol. 160, 6-13.

Pozzi, N., Chen, Z., Di Cera, E., 2016. How the linker connecting the two kringles influences
activation and conformational plasticity of prothrombin. J. Biol. Chem. 291, 6071- 6082.

Rasche, H., 2001. Haemostasis and thrombosis: an overview. Europ. Heart J. Supplemen. 3, 3—
72.

Reis, G.B. dos., Andrade-Vieira, L.F., Moraes, 1.C., CESAR, P.H.S., Marcussi, S., Davide, L.C.,
2017. Reliability of plant root comet assay in comparison with human leukocyte comet assay for
assessment environmental genotoxic agents. Ecotoxicol. Environmen. Safety. 142, 110-116.

R Core Team, 2012. R: A Language and Environment for Statistical Computing. Viena: Viena: R
Foundation for Statistical Computing.

Rodrigues, V.M., Soares, A.M., Guerra-Sa, R., Rodrigues, V., Fontes, M.R., Giglio, J.R., 2000.
Structural and functional characterization of neuwiedase, a nonhemorrhagic fibrin(ogen)olytic
metalloprotease from Bothrops neuwiedi snake venom. Arch. Biochem. Biophys. 381, 213-224.

Salazar, M., Chérigo, L., Acosta, H., Otero, R., Martinez-Luis, S., 2014. Evaluation of
anti-Bothrops asper venom activity of ethanolic extract of Brownea rosademonte leaves. Acta
Pharm. 64, 475-483.

Sales, T., Marcussi, S., da Cunha, E., Kuca, K., Ramalho, T., 2017. Can inhibitors of snake
venom phospholipases A, lead to new insights into anti-inflammatory therapy in humans? A
theoretical study. Toxins. 9, 341.


http://lattes.cnpq.br/7853823823476219
http://lattes.cnpq.br/1960698432743048
http://lattes.cnpq.br/7799632178857054
http://lattes.cnpq.br/2692405564846986
http://lattes.cnpq.br/3206762579434374
http://lattes.cnpq.br/1504996216774584
http://lattes.cnpq.br/1504996216774584

148

Selistre, H.S., Queiroz, L.S., Cunha, O.A.B., de Souza, G.E.P., Giglio, J.R., 1990. Isolation and
characterization of hemorrhagic, myonecrotic and edema-inducing toxins from Bothrops
insularis (jararaca ilhoa) snake venom. Toxicon. 28, 261-273.

Silva, C.J., Bastos, J.K., Takahashi, C.S., 2010. Evaluation of the genotoxic and cytotoxic effects
of crude extracts of Cordia ecalyculata and Echinodorus grandiflorus. J. Ethnopharmacol. 127,
445-450.

Silva, G.P., Fernandes, D.C., Vigliano, M.V. da Fonseca, E.N., Santos, S.V., Marques,
P.R., Justo, M.D., Sabino, K.C., Coelho, M.G., 2016. Flavonoid-enriched fraction from
Echinodorus macrophyllus aqueous extract exhibits high in-vitro and in-vivo anti-inflammatory
activity. J. Pharm. Pharmacol. 68, 1584-1596.

Siméo, A.A., Corréa, A.D., Carvalho, T.C.L., Cesar, P.H.S., Oliveira, C.H.M., Marcussi, S.,
2015. Pharmaco-toxic characterization of the aqueous extract from Pereskia grandifolia leaves. J.
Med. Plants Research. 9, 216-222.

Souza, S.P., Pereira, L.L.S., Souza, A.A., dos Santos, C.D., 2011. Inhibition of pancreatic lipase
by extracts of Baccharis trimera (Less.) DC., Asteraceae: evaluation of antinutrients and effect
on glycosidases. Rev. Bras. Farmacogn. 21, 450-455.

Squillaro, T., Cimini, A., Peluso, G., Giordano, A., Melone, M.A.B., 2018. Nano-delivery
systems for encapsulation of dietary polyphenols: An experimental approach for
neurodegenerative diseases and brain tumors. Biochem. Pharmacol. 154, 303-317.

Strauch, M.A., Tomaz, M.A., Monteiro-Machado, M., Ricardo, H.D., Cons B.L., Fernandes,
F.F.A., EI-Kik, C.Z., Azevedo, M.S., Melo, P.A., 2013. Antiophidic activity of the extract of the
Amazon plant Humirianthera ampla and constituents. J. Ethnopharmacol. 145, 50-58.

Tanus-Rangel, E., Santos, S.R., Lima, J.C., Lopes, L., Noldin, V., Monache, F.D., Cechinel-
Filho, V., Martins, D.T., 2010. Topical and systemic anti-inflammatory effects of Echinodorus
macrophyllus (Kunth) Micheli (Alismataceae). J. Med. Food. 13, 1161-1166.

The United States Pharmacopeia, 2005. The national formulary NF 18 (Pharmacopeial
Convention Ing). Rockvile.

Thibane, V.S., Ndhlala, A.R., Finnie, J.F., Van Staden, J., 2018 ‘in press’. Modulation of the
enzyme activity of secretory phospholipase A, lipoxygenase and cyclooxygenase involved in
inflammation and disease by extracts from some medicinal plants used for skincare and beauty.
S. African J. Botany.

Toma, A., Makonnen, E., Mekonnen, Y., Debella, A., Addisakwattana, S., 2014. Intestinal a-
glucosidase and some pancreatic enzymes inhibitory effect of hydroalcholic extract of Moringa
stenopetala leaves. BMC Complement. Altern. Med. 14, 1-5.


https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandes%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigliano%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Fonseca%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santos%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Justo%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabino%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coelho%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=27726146
https://www.ncbi.nlm.nih.gov/pubmed/27726146
https://www.ncbi.nlm.nih.gov/pubmed/?term=Squillaro%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29803506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peluso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29803506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giordano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29803506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melone%20MAB%5BAuthor%5D&cauthor=true&cauthor_uid=29803506
https://www.ncbi.nlm.nih.gov/pubmed/29803506
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanus-Rangel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santos%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lima%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopes%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noldin%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monache%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cechinel-Filho%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cechinel-Filho%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martins%20DT%5BAuthor%5D&cauthor=true&cauthor_uid=20828306
https://www.ncbi.nlm.nih.gov/pubmed/20828306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toma%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24890563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makonnen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24890563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mekonnen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24890563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Debella%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24890563
https://www.ncbi.nlm.nih.gov/pubmed/?term=Addisakwattana%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24890563
https://www.ncbi.nlm.nih.gov/pubmed/24890563

149

Vale, L.H.F., Mendes, M.M., Fernandes, R.S., Costa, T.R., Hage-Melim L.I.S., Sousa
M.A., Hamaguchi, A., Homsi-Brandeburgo, M.I., Franca, S.C., Silva, C.H., Pereira, P.S., Soares,
A.M., Rodrigues, V.M., 2011. Protective effect of Schizolobium parahyba flavonoids against
snake venoms and isolated toxins. Curr. Top. Med. Chem. 11, 2566-2577.

Vaz, M.S., Vaz da Silva, M.S., Oliveira, R.J.,da Silva Mota, J., Brait, D.R., de Carvalho,
L.N., Vani, J.M,, Berno, C.R., Aradjo, F.H.,de Barros, M.E., 2016. Evaluation of the
toxicokinetics and apoptotic potential of etanol extract from Echinodorus macrophyllus leaves in
vivo. Regul. Toxicol. Pharmacol. 82, 32-38.

Vitseva, O., Varghese, S., Chakrabarti, S., Folts, J.D., Freedman, J.E., 2005. Grape seed and skin
extracts inhibit platelet function and release of reactive oxygen intermediates. J. Cardiovasc.
Pharmacol. 46, 445-451.

Zhang, Q. Yang, Y.X, Li, S.Y.,Wang, Y.L. Yang, F.Q., Chen, H., Xia, Z.N. 2017. An
ultrafiltration and high performance liquid chromatography coupled with diode array detector and
mass spectrometry approach for screening and characterizing thrombin inhibitors from Rhizoma
Chuanxiong. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 1061-1062, 421-429.


https://www.ncbi.nlm.nih.gov/pubmed/?term=F%20Vale%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mendes%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandes%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costa%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%20Hage-Melim%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=A%20Sousa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=A%20Sousa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamaguchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Homsi-Brandeburgo%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franca%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereira%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soares%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soares%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=21682680
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaz%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaz%20da%20Silva%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20Mota%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brait%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Carvalho%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Carvalho%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vani%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berno%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ara%C3%BAjo%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Barros%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=27793745
https://www.ncbi.nlm.nih.gov/pubmed/27793745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20FQ%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xia%20ZN%5BAuthor%5D&cauthor=true&cauthor_uid=28818799
https://www.ncbi.nlm.nih.gov/pubmed/28818799

150

APENDICE - ARTIGOS 1,2 E 3

Tabela 1A - Gradiente de eluicdo para analise dos compostos fenolicos...........cccccevvevveiveenenn, 151
Tabela 2A- Tempo de retencédo (tr) médio para 0S compostos
L] 010 10T 1TSS 151
Tabela 3A - Parametros e coeficientes de determinacio (R?) das curvas analiticas ................... 152



Tabela 1A - Gradiente de eluicdo para analise dos compostos fendlicos.

Fase movel*
Tempo Solvente A Solvente B

(min) (% v:v) (% v:v)
0,01 100 0

5 70 30

25 60 40

43 55 45

50 0 100

65 0 100

Fase mével: Solvente A — solucdo de acido acético 2% em agua;
Solvente B — metanol: dgua: acido acético (70: 28: 2% Vv:v)

Tabela 2A - Tempo de retencdo (tg) médio para os compostos fenolicos.

151

Composto Tempo de retencédo (Tg)
minutos*

Acido galico 6,58 + 0,01
Catequina 10,37 £ 0,06
Galato de epigalocatequina 12,11 £ 0,02
Acido clorogénico 12,56 + 0,03
Epicatequina 13,96 + 0,03
Acido cafeico 14,89 + 0,02
Acido siringico 15,66 + 0,20
Acido vanilico 17,40 + 0,08
Acido p-cumarico 21,47 + 0,05
Acido feralico 24,48 + 0,02
Acido salicilico 32,11 + 0,02
Resveratrol 35,37 £ 0,03
Quercetina 51,39 £ 0,01

*Meédia de trés repeticbes + desvio padrao.



Tabela 3A - Parametros e coeficientes de determinacéo (R?) das curvas analiticas*.

Composto a b R?
Acido galico -2555,5523 32956,77159 0,9995
Catequina -2844,07672 13117,20972 0,9929
Galato de -5646,6605 13319,04931 0,9932

epigalocatequina

Acido clorogénico -1417,35438 28815,67184 0,9996
Epicatequina -3482,14097 10519,19966 0,9934
Acido cafeico -1729,29891 40887,21155 0,9997
Acido vanilico -256,21829 58014,05631 0,9995
Acido p-cumérico -815,31045 101901,42971 0,9997
Acido ferdlico -9093,05166 48737,69349 0,9950
Acido salicilico -1045,64447 8830,09805 0,9985
Resveratrol -4284,57642 61793,53306 0,9985
Quercetina -657,4062 6112980,0 0,9982

*Regressdo linear: y = a + bx



