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RESUMO GERAL

Oleos essenciais (OE) sdo metabdlitos especiais vegetais biossintetizados a
partir do isopreno e que possuem propriedades bioldgicas variaveis de acordo
como a seus componentes. Este trabalho teve como objetivo caracterizar os
componentes que constituem os OE de folhas de Eucalyptus grandis (EG),
Eucalyptus microcorys (EM); flores e folhas de Lippia alba (LA) sobre as
enzimas e toxinas presentes nas peconhas de Bothrops moojeni e Lachesis
muta. Os componentes majoritarios do OE de E.grandis e E.microcorys foram o
1,8 Cineol (55,24% e 57,14% respectivamente); para Lippia alba foi o Geranial
nas proporcdes de 38,06 % na folha e 49,83% na flor. Os OE de EG e EM
apresentaram atividade trombolitica enquanto os de Lippia apresentaram efeitos
pré-coagulantes sobre o trombo nas doses de 0,6 e 1,2 uL. Os OE de EG e EM
aumentaram o tempo de coagulac¢do do plasma humano citrado engquanto que o
da flor de L.alba diminuiu quando testado B.moojeni . Os OE de Eucalipto
apresentam uma atividade protetora sobre a hemolise. Sobre a genotoxicidade,
0s OE de EG apresentaram resultados semelhantes aos controles positivo: 59,8 a
66,0 % de dano (Doxorrubicina 100 ug: 80% de dano; Lachesis muta 50ug:
70,5%). Os OE de EM apresentaram frequéncia de dano menor: 23,9 a 33%.
Para LA, os OE apresentaram frequéncia de dano de 14,4 a 15,4%. Quando
testados em conjunto com peconha de L.muta, os OE das folhas protegeram o
DNA de leuctcitos humanos e apresentaram dano de 11,6 a 34,9%. Os dados
obtidos sugerem alto potencial dos dleos avaliados como inibidores enzimaticos,
com foco principalmente em fosfolipases, serinoproteases e metaloproteases,
que atuam processos relacionados a hemostasia humana.

Palavras-chave: Eucalypus. Lippia. Oleo essencial Inibidor enzimatico.



GENERAL ABSTRACT

Essential oils (OE) are special plant metabolites biosynthesized from isoprene
and have variable biological properties according to their components. The
objective of this work was to characterize the components that belong to
Eucalyptus grandis (EG) and Eucalyptus microcorys (EM) EO’s leaves and
Lippia alba (LA) flowers and leaves EO as well. Also to evaluate the cited EO
on the enzymes and toxins present in the venoms of Bothrops moojeni and
Lachesis muta. The major components of EO of EG and EM were Cineol 1.8
(55.24% and 57.14%, respectively); for Lippia alba was the Geranial in the
proportions of 38.06% in leaf and 49.83% in flower. EG and EM OE presented
thrombolytic activity while Lippia presented pro-coagulant effects on the
thrombus at doses of 0.6 and 1.2 uL.. EG and EM OE increased coagulation time
of citrated human plasma while LA flower decreased when B.moojeni was
tested. Eucalyptus EO have a protective activity on hemolysis. On genotoxicity,
EG OE presented similar results to positive controls: 59.8 to 66.0% of damage
(Doxorubicin 100 ug: 80% damage; Lachesis muta 50ug: 70.5%). The OE of
EM had a lower frequency of damage: 23.9 to 33%. For LA, OE had a frequency
of damage of 14.4 to 15.4%. When tested essential and L.muta venom together,
leaf OE protected DNA from human leukocytes and presented damage from
11.6 to 34.9%. The data obtained suggest a high potential of the evaluated oils as
enzymatic inhibitors, focusing mainly on phospholipases, serinoproteases and
metalloproteases, which affect processes related to human hemostasis.

Keywords: Eucalypu., Lippia. Essential oil. Enzyme inhibitor..
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PRIMEIRA PARTE
1. INTRODUCAO

O uso de produtos naturais como matéria prima para obtencdo de
substancias bioativas, especialmente farmacos, € amplamente relatada ao longo
do tempo. A pesquisa fitoquimica permite o conhecimento de constituintes
quimicos de espécies vegetais. Para terapéutica os metabdlitos secundarios sdo
os alvos e estes sao constituidos por: cumarinas, polifenois (flavonoides, taninos
e antraquinonas), alcaloides, triterpenos esteroides (saponinas, glicosideos
cardiotbnicos) e dleos essenciais.

Os 6Gleos essenciais sdo misturas complexas de componentes volateis, de
baixo peso molecular (possuem até 15 atomos de carbono) e possuem em geral
aroma agradavel. Por causa do modo de extracdo, principalmente por meio de
destilacdo a partir de plantas aromaticas, contém uma variedade de moléculas
distintas. Estas sdo chamadas terpenos e terpenoides e podem ser classificadas
como aromaticas ou alifaticas. Ensaios in vitro caracterizam a maioria deles
como antioxidantes.

Em células eucariotas os 06leos essenciais podem atuar como
antioxidantes afetam as membranas celulares internas e organelas tais como as
mitocondrias. Dependendo do tipo e concentracdo, eles apresentam efeitos
citotoxicos. As mudangas na disfungdo mitocondrial e potencial redox
intracelular induzido por 6leos essenciais pode ser associado a sua capacidade de
exercer efeitos sobre o metabolismo celular. Estas constatacfes sugerem que,
pelo menos em parte, hé efeitos benéficos dos 6leos essenciais.

Pesquisas etnofarmacoldgicas e emprego de técnicas modernas de
farmacologia, bioquimica, toxicologia e biologia molecular favorecem a
diminuicdo do tempo gasto no desenvolvimento de novos medicamentos. Testes

in vitro e in vivo podem avaliar preconizar e validar o uso de 6leos essenciais e
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outros metabdlitos de plantas medicinais na terapéutica. Seja ela a terapéutica
para doengas infectocontagiosas de base populacional, como a AIDS; ou
crénico-degenerativa como Diabetes, Cancer ou Alzheimer. Quando se otimiza
0 tempo gasto no desenvolvimento de farmacos, reduz o nimero de mortes
evitaveis e amplia os lucros gerados a industria farmacéutica. Estas sdo boas
justificativas para motivacao de centros de pesquisa nesta dire¢éo.

No contexto de caracterizagdo farmaco-toxicolégica de produtos
naturais, peconhas e toxinas isoladas sdo ferramentas valiosas uma vez que
induzem diversos efeitos e permitem simular a acdo de moléculas vegetais sobre
a atividade de enzimas animais. Muitas enzimas presentes nas pegonhas,
principalmente de serpentes, sdo altamente homdlogas em estrutura e

funcionalidade a enzimas presentes no organismo humano.
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As diferentes espécies de serpentes, embora possam apresentar peconhas
com composicao similar em relagdo as classes de enzimas presentes, apresentam
variacdes nas concentra¢fes enzimaticas (ex: serinoproteases, metaloproteases,
hialuronidases, fosfolipases A, e L-aminodcido oxidase), podendo ser
empregadas, por exemplo, para a inducdo de edema, hemorragia, miotoxicidade,
citotoxicidade, genotoxicidade, coagulacdo e protedlise de substratos
especificos.

Inmeras plantas tém sido descritas como antiofidicas e mais
recentemente, as propriedades antiofidicas e, portanto, de inibi¢do sobre enzimas
tém sido descritas para Oleos essenciais. Alguns estudos reportam produtos
naturais como adjuvantes a soroterapia tradicional, enguanto outros exploram as
propriedades inibidoras dos compostos vegetais sobre as toxinas visando estimar
a acdo destes sobre a funcionalidade de enzimas humanas relacionadas a
diversas patologias.

Diante deste contexto, propde-se no presente trabalho, investigar a acéo
de oleos essenciais de Lippia e Eucaliptus sobre atividades induzidas por
enzimas (fosfolipases A, e proteases), presentes em peconhas de serpentes sobre
células e moléculas humanas, que atuam de forma similar a enzimas humanas,
buscando assim inibidores enzimaticos com aplicacdo farmacéutica na
prevencdo e tratamento de doengas relacionadas a funcionalidade destas classes
de enzimas (ex: PLA, relacionada a artrites, cancer, aterosclerose, sepse e
doencas neurodegenerativas; proteases relacionadas a doengas metabdlicas,
inflamatdrias e funcionais do trato gastrointestinal, tromboses e demais doencas

relacionadas a alteragGes na hemostasia
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2. REFERENCIAL TEORICO
2.1 Plantas medicinais

A diversidade molecular de produtos de origem natural € mais ampla
que os de origem sintética. O uso tradicional de plantas por populacdes de todos
0s continentes no controle de doencas e pragas pdde ser reforcado pela
tecnologia que permitiu isolamento e elucidagdo estrutural de diversas
moléculas. Ao considerarmos as perspectivas de obtengdo de novos farmacos é
necessario considerar as dificuldades relativas ao isolamento de moléculas de
produtos naturais. Atribuir a uma Unica molécula uma atividade bioldgica
observada é arriscado quando se trata de produto natural. Entretanto alguns
representam modelos para sintese de farmacos que, com ajustes moleculares,
podem apresentar melhorias em seu desempenho. O aumento de atividade ndo é
0 Unico alvo da semissintese, mas também alterac6es no perfil farmacocinético e
farmacodinamico (BAJRACHARYA, 2015).

As plantas produzem muitos e diversificados compostos organicos, a
grande maioria dos quais ndo parecem participar diretamente do crescimento e
desenvolvimento das mesmas. Estas substancias, tradicionalmente referidas
como metabolitos secundarios, sdo diferencialmente distribuidas entre grupos
taxondmicos dentro do reino vegetal. Suas funcbes na planta muitas vezes
permanecem desconhecidas e estdo sendo elucidados com frequéncia crescente.

Embora ocorra uma ampla e complexa diversidade de vias
biossintéticas e estruturas quimicas, os produtos naturais tém sido investigados
para as mais diversas atividades bioldgicas. Estas atividades que podem também
ser entendidas como aplicabilidade se estendem desde uso como agentes
inseticidas, pesticidas, e alelopaticos — na agricultura, por exemplo, até ao uso

em produtos alimenticios na tentativa do aumento do tempo de vida dtil de
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produtos alimenticios por apresentarem atividade antimicrobiana (ANDRADE et
al., 2015).

Para aplicacbes no ramo farmacéutico as atividades investigadas sao
ainda mais diversas, havendo aplicacdes na prevencdo e tratamento do
envelhecimento assim como de uma imensa variedade de doengas com as mais
variadas origens, como por exemplo, infecciosa, parasitaria, inflamatoria e
metabdlica.

O uso das plantas em cosmetologia fez aparecer uma terminologia
especifica para designar o ramo que trata do estudo e da utilizacdo de
substancias de origem vegetal empregadas para manutencdo e promogdo da
beleza da pele, a fitocosmética. O fitocosmético tem sido cada vez mais
procurado pelo consumidor na busca pelo natural (ANDRADE et al., 2015).
Assim pode-se afirmar que produtos naturais tém alimentado a busca de novos
medicamentos, cosméticos, conservantes alimenticios e pesticidas entre outros.

Devido as diferencas e propriedades entre a droga bruta, seca, em po, na
forma de tinturas ou extratos secos e 0s compostos ou moléculas isoladas ou
sintetizadas a partir de modelos vegetais, é importante que sejam reconhecidos
dois segmentos de mercado: um voltado para as substancias isoladas e outro para
a droga vegetal, contendo compostos de acdo sinérgica. Esse reconhecimento
requer o delineamento do potencial de cada mercado, assinalando o
conhecimento, a ciéncia e tecnologias préprias de cada um, assim como uma
andlise detalhada da demanda social. Sendo a industria farmacéutica uma das
grandes financiadoras da pesquisa, principalmente em desenvolvimento de
novas drogas a partir de matéria-prima vegetal, ha um comportamento de busca
por um principio ativo que seria responsabilizado pela acdo farmacoldgica. E
valido afirmar, portanto, que a auséncia de uma politica para a inovacao na area
dos medicamentos de origem vegetal (fitomedicamentos) possivelmente seja

responsavel pelo fato de que apesar de toda producéo cientifica realizada a partir
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da segunda metade do século passado, os esforcos ndo resultaram
necessariamente em desenvolvimento tecnolégico e menos ainda em novos
produtos, novos medicamentos. O Brasil tem quase um terco da flora mundial
representada em dez biomas com uma biodiversidade exuberante. Entretanto,
muito pouco tem sido realizado para transformar esse potencial em vantagem
competitiva, em produtos patentes, principalmente se considerarmos o
desenvolvimento como forma de inser¢do social e de protecdo e manutengdo
desses ecossistemas (ANTONIO; TESSER; MORETTI-PIRES, 2014).

Na Gltima década, a quimica combinatoria se tornou a principal fonte de
novas entidades quimicas envolvidas com a descoberta de novos farmacos.
Entretanto, apesar da velocidade intensificada da sintese, a mudanca dos
métodos tradicionais ndo resultou num incremento real do numero de farmacos
ou de modelos atraentes. Os produtos naturais, tradicionalmente tém sido a
maior fonte de novos farmacos. Diversos farmacos que se consagraram
medicamentos industrializados foram resultantes de sinteses direcionadas para
reproduzir a agdo das moléculas achadas na natureza. Os compostos naturais,
além de diversos, sdo extremamente especificos nas suas atividades bioldgicas.
Essa caracteristica decorre do fato de que, praticamente, todos eles terem alguma
capacidade de se ligar a receptores. As moléculas naturais se diferem bastante
daquelas sintetizadas (LIMA, 2007).

E importante ressaltar que esta apreciagio crescente dos diversos efeitos
bioldgicos produzidos por produtos naturais tenha requerido uma reavaliagdo
dos possiveis papéis que estes compostos desempenham nas plantas,

especialmente no contexto de intera¢fes ecoldgicas.

2.2 Metabdlitos secundarios

Os metabdlitos priméarios sdo definidos como os fornecedores de

matéria-prima e de energia para formagdo dos metabdlitos secundérios, também
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definidos como metabdlitos especiais. Vegetais, microrganismos e animais
apresentam arsenal metab6lico capaz de produzir, transformar e acumular
inimeras outras substancias ndo necessariamente relacionadas de forma direta a
manutencdo da vida do organismo produtor. Os produtos do metabolismo
secundario ndo sdo essenciais para 0 organismo produtor mas, garantem
vantagens para sua sobrevivéncia e para perpetuacdo de sua espécie, em seu
ecossistema. Dentre eles podemos citar os alcaloides, cumarinas, flavonoides,
taninos, heterosideos cardiacos, 6leos essenciais, ligninas, gomas e mucilagens
(GOTTLIEB et al., 1998).

As vias de sintese dos metabolitos secundarios sdo ativadas durante
estagios particulares de crescimento e desenvolvimento ou em periodos de
estresse causado por limitagBes nutricionais, estresse hidrico, herbivoria,
radiagdo ultravioleta, altitude, estimulos mecénicos entre outros (GOBBO-
NETO; LOPES, 2007). A ontogenia, a ontologia e ontogenética parecem
interferir na sintese destes metabolitos, e podem sofrer modulagéo por fatores
ambientais. Em estudos de cultura de tecido vegetal in vitro, plantas
geneticamente iguais produzem diferentes constituintes e em diferentes
proporgdes em seus 6leos essenciais frente a diferentes fornecimentos de CO,; e
qualidade de luz (BATISTA et al., 2016). Estes estudos facilitam a compreensao
sobre o funcionamento das rotas metabdlicas e permitem um melhor
entendimento acerca do balanco energético do metabolismo vegetal.

Os metabolitos secundarios podem ser sintetizados através da
combinagdo de vérios blocos de construgdo do mesmo tipo, ou usando uma
mistura de blocos de construcéo diferentes (Figura 1). Isso amplia a diversidade
estrutural, e, consequentemente, faz subdivisfes inteiramente baseado em vias
biossintéticas. A saber, as vias biossintéticas utilizadas sdo denominadas via

Acetato, via Chiquimato, e Deoxixilulose (DXP).
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Figura 1 - Blocos de construgéo a partir do Acetil-CoA
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2.2.1 Oleos essenciais

De acordo com a Farmacopeia Europeia 82 edicdo, 0s 0leos essenciais
(OE) sdo definidos como: “Produto odorifero, geralmente de uma composi¢éo
complexa, obtido a partir de uma matéria-prima vegetal botanicamente definida,
quer por conducdo por vapor de agua, quer por destilagdo seca ou por um
método mecénico sem aquecimento adequado. Os OE sd&o chamados
comercialmente de produtos deterpenizados e desesquiterpenizados, retificado
ou privado de algum componente (ASBAHANI et al., 2015). Apresentam na
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maioria das vezes densidade menor que a &gua e sdo geralmente lipofilicos,
soluveis em solventes organicos, ndo misciveis em agua e os rendimentos de
extracdo podem variar dependendo de espécies e 6rgdos. “Estes Oleos sdo
geralmente separados da fase aquosa por um método fisico que ndo causa
mudancas significativas em sua composi¢do quimica”.

OE podem ser biossintetizados como metabolitos secundarios em
diferentes 6rgdos da planta, tais como, flores (ex: jasmim, rosa, violeta e
lavanda), brotos (ex: cravo), folhas (ex: tomilho, eucalipto e salvia), frutas (ex:
anis e anis estrelado), galhos, casca (ex: canela), raspas (ex: citrus), sementes
(ex: cardamomo), madeira (ex: sandalo), rizoma e raizes (ex: gengibre).

Muitos trabalhos possuem a atividade antioxidante dos OE investigadas,
porém nem todos possuem o mesmo 6érgao vegetal coletado (folha, raizes, partes
aéreas, flores, frutos, casca); alguns possuem igualmente métodos de analise
antioxidante diferentes. Podem ndo compartilhar dos mesmos métodos de coleta
e secagem do material vegetal, assim como ndo compartilham os métodos de

extracdo e investigacdo de atividade antioxidante (Tabela 1).

Tabela 1- Atividades antioxidantes definidas e 6rgdo vegetal escolhido para
extracdo do OE.

Vegetal Orgéo Autores
Lippia javanica Folhas (ENDRIS; ASFAW; BISRAT, 2016).
Artemisia absinthium Flores e folhas (RIAHI et al., 2013).
Cymbopogon schoenanthus  Partes aéreas (YAGI et al., 2016).
Cyperus rotundus Rizoma (YAGI et al., 2016)
Eucalyptus globulus Frutos (BEY-OULD SI SAID et al., 2016).
_Eucalyptus globulus Folhas (HAFSA et al., 2016).

Fonte: Do autor.

Alguns autores afirmam que a atividade antioxidante ndo deve ser
concluida com base em um Unico modelo de teste. Os modelos de testes

antioxidantes variam em diferentes aspectos, portanto, é dificil comparar e
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estabelecer uma correlacdo de um método para outro. Geralmente testes
antioxidantes in vitro utilizando armadilhas de radicais livres, séo relativamente
simples de executar. Entre os métodos de eliminacdo de radicais livres, 0s
autores citam o método de DPPH. Definem este como rapido, simples (isto &,
gue ndo estdo envolvidos com muitos passos e reagentes) e barato em
comparacdo com outros modelos de ensaio. Por outro lado o ensaio de
descoloracdo do ABTS é aplicAvel em ambos os antioxidantes, hidrofilos e
lipofilicos (ALAM; BRISTI; RAFIQUZZAMAN, 2013). Alguns dos métodos

de teste antioxidante in vitro e in vivo sdo apresentados na Tabela 2.

Tabela 2 - Testes de atividade antioxidante in vitro e in vivo.

in vitro in vivo
Atividade de sequestro de DPPH Capacidade redutora do Ferro no plasma
Atividade sequestradora de éxido nitrico Glutationa reduzida (GSH)
Eliminagdo de perdxido de Hidrogénio Glutationa peroxidase (GSHPXx)
Ensaio de dieno conjugado Glutationa-S-Transferase (GST)
Atividade sequestradora de radicais Superdxido Dismutase (SOD)

peroxinitrito
DMPD (N, N-dimetil-p-fenileno diamina)  Catalase (CAT)

Ensaio descoloracéo radical ABTS Atividade transpeptidase c-glutamil
transferase (GGT)

Capacidade de absorcdo de radical Glutationa redutase (GR)

Oxigénio (ORAC)

Capacidade absorcéo radical Hidroxila Peroxidacéo lipidica (LPO)

(HORAC)

Método fosfomolibdénio Ensaio de LDL

“Fonte: Adaptado de ALAM; BRISTI; RAFIQUZZAMAN, 2013.

Alguns OE extraidos das espécies listadas na Tabela 2 possuem estudos
que avaliam atividades farmacolégicas is como: atividade antinflamatéria
(LEYVA-LOPEZ et al., 2016), antinociceptiva (SIMOES et al., 2017),
anticonvulsivante (SOUTO-MAIOR et al., 2017), antifungica (IBRAHIM et al.,
2017), antimicrobiana (KWON; CHANG,; HAN, 2017), leishmanicida



23

(ISLAMUDDIN et al., 2016), hipoglicémica (BOUKHRIS et al., 2012),
antiviral, antirretroviral e imunomoduladora (KRIFA et al., 2015), antitumoral
(DERVIS et al., 2017), genotoxica (LLANA-RUIZ-CABELLO et al., 2016),
moduladora de expressdo de génica (TEPE; CAKIR; SIHOGLU TEPE, 2016)
entre outras.

As atividades antioxidantes detectadas quase sempre demonstram
potencial anti-inflamatério, antitumoral, antifingico, antiviral, etc. Quase que
em sua totalidade, as plantas possuem seus 6leos essenciais caracterizados, com
seus componentes e propor¢des definidas. Estes OE possuem avaliadas suas
propriedades antioxidantes por diferentes métodos, entretanto ndo possuem suas
caracteristicas biologicas completamente elucidadas. O comportamento
antioxidante de compostos fendlicos é de compreensdo fécil. Entretanto
recentemente pdde-se observar 0 mesmo para componentes ndo fendlicos
presentes em OE.

Alguns dos componentes dos OE como, por exemplo, o Carvacrol
possuem ampla variedade de propriedades bioldgicas e farmacoldgicas. Tais
propriedades se justificam pela atividade antioxidante que apresentam de forma
isolada ou em proporcdes diferentes no OE. Testes in vivo demonstram que ha
protecdo hepdtica induzida por pancreatite aguda através de resposta
antioxidante do Carvacrol isolado do OE de tomilho (Thymus vulgaris). O
referido trabalho avalia as enzimas hepéticas Alanina Transaminase (ALT),
Aspartato Transaminase (AST) e niveis de Lactato Desidrogenase (LDH) ap6s
inducdo de pancreatite aguda pela ingestdo de Ceruleina pelos camundongos.
Estas trés enzimas costumam ter niveis séricos aumentados em caso de
pancreatite, o que ndo ocorreu na presenca do Carvacrol em doses de 50, 100 e
200mg/Kg. Marcadores de estresse oxidativo no figado foram ainda
quantificados em peroxidos de lipideos medidos como Malondialdeido. As

enzimas antioxidantes no tecido que tiveram suas atividades aumentadas na
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presenca de Carvacrol foram Superdxido Dismutase (SOD), Catalase (CAT) e
Fosfolipideo-hidroperéxido de glutationa peroxidase (GSH-Px). O dano
oxidativo ao DNA foi medido pela 8-hidroxideoxiguanosina (8-OHdG), que
teve sua expressdo diminuida (BAKIR et al., 2016).

Estes achados evidenciam como podem ocorrer modulagdes enzimaticas
in vivo diferentes do que se pode alcancar em testes in vitro. Entretanto, o
desempenho em alterar um comportamento enzimatico em um organismo vivo,
complexo, parece se dar por um efeito sinérgico entre os diversos constituintes
presentes. Mesmo aqueles que estiverem presentes em propor¢des centesimais
parecem participar de forma sinérgica e complementar das atividades dos OE
guando investigados quanto a propriedades antimicrobianas e em outras formas
terapéuticas como doencas do sistema nervoso, autismo, bronquite cronica e
reforco imunolégico (HARRIS, 2002; SHUTES, 2016).

2.3 A cascata da coagulacéo

A coagulacdo do sangue é apresentada e estudada para fins didaticos em
um modelo de cascata, 0 que evidencia sua ocorréncia em meio de ativacéo
proteolitica sequencial de pré-enzimas por proteases do plasma, resultando na
formacdo de trombina que, entdo, quebra a molécula de fibrinogénio em
mondmeros de fibrina (Figura 2). Tal proposta divide a coagulacdo em uma via
extrinseca (envolvendo elementos do sangue e também elementos que
usualmente ndo estdo presentes no espaco intravascular) e uma via intrinseca
(iniciada por componentes presentes no espaco intravascular), que convergem

para uma via comum, a partir da ativacéo do fator X.
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Figura 2 - Modelo Cléssico da Cascata da Coagulacéo.

Contact system: Cellular injury:
HrPAL, PR F 2 F Xlla, Kallikrein Tizsue Factor (TF)
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Legenda: HMWK = Cininogénio de Alto Peso Molecular, PK= Precalicreina,
TFPI = Inibidor do Fator Tissular. Seta preta= conversdo/ativacdo de fatores.
Seta vermelha = acéo dos inibidores. Seta Azul= reagOes catalisadas por fatores

ativados. Seta Cinza= vérias fun¢des da trombina.
Fonte: CHIKUMAYA (2017).

Ha ainda uma proposta de entendimento deste modelo baseada em
superficies celulares, no qual a hemostasia requer substancias procoagulantes
ativadas que permanecam localizadas no sitio da lesdo para a formacdo de
tampéo plaquetério e de fibrina neste local. Neste novo modelo, o processo de
coagulacdo sanguinea é iniciado pela exposicdo de fator tecidual na corrente

sanguinea. O fator tecidual (FT) ndo é expresso constitutivamente nas células
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endoteliais, mas esta presente nas membranas das células ao redor do leito
vascular, como células do musculo liso e fibroblastos. Dessa forma, o FT é
exposto na circulacdo sanguinea pela lesdo endotelial e de células vizinhas ou
pela ativacdo de células endoteliais ou mondcitos. Este novo modelo da
hemostasia, baseado em superficies celulares, é capaz de explicar alguns
aspectos clinicos do mecanismo hemostatico que o modelo classico da cascata
ndo permite. Este modelo propiciou um melhor entendimento do processo da
coagulacéo in vivo, e apresenta maior consisténcia com as observagdes clinicas
de varios disturbios da coagulacdo (FERREIRA et al., 2010).

As Proteases sdo enzimas que quebram ligagdes peptidicas entre 0s
aminoacidos das proteinas. O processo é chamado de clivagem proteolitica é um
mecanismo comum de ativacdo ou inativacdo de enzimas envolvidas
na coagulagdo sanguinea.

Estudos descrevem a atividade dos OE frente a cascata da coagulacéo.
Enquanto alguns OE podem aumentar o tempo de formagdo do coagulo em
testes in vitro, outros parecem apresentar efeito pro-coagulante. Os resultados
das avalia¢@es indicam a presenca de interaces dos componentes dos 6leos com
constituintes do plasma de sangue humano assim como com toxinas (enzimas
proteoliticas e coagulantes presentes em peconhas). Os OE estudados,
principalmente aqueles 6leos que apresentaram altos teores de sesquiterpenos,
também apresentaram agdo protetora sobre a protedlise de moléculas de
fibrinogénio induzida por peconhas de serpentes (L. muta., B. moojeni e B.
atrox), quando avaliados em SDS-PAGE, provavelmente por meio de ligagdo a
estrutura do fibrinogénio impedindo o acesso das proteases ofidicas (MIRANDA
et al, 2016).
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2.4 Atividade fosfolipasica, hemolitica e genotdxica

O uso irracional de medicamentos é um grande problema em todo o
mundo. OMS estima que mais de metade de todos os medicamentos sdo
prescritos, dispensados ou vendidos de forma inadequada, € que metade dos
pacientes ndo conseguem leva-los corretamente. O uso excessivo, subutilizado
ou mal uso de medicamentos resulta em desperdicio de recursos escassos e
perigos generalizados para a saide (CHATURVEDI; MATHUR; ANAND,
2012).

A aplicagdo de produtos naturais como medicamentos esta igualmente
sujeita a aplicacdo racional baseando na escolha correta dos principios ativos,
excipientes e veiculos, bem como na administracdo e posologia adequados. O
uso de fitoterapicos e suplementos aumentou ao longo das Ultimas trés décadas
pelo menos 80% em todo o mundo — principalmente para cuidados de salde
priméarios. Embora as terapias que envolvem estes agentes mostram potencial
promissor quanto a eficAcia, um bom numero de produtos fitoterapicos
permanecem ndo testados e seu uso € mal monitorado ou permanece sem
monitoriza¢do alguma. A consequéncia disso é um conhecimento inadequado de
seu modo de acdo, potenciais reacfes adversas, contraindicaces e interacdes
com produtos farmacéuticos ortodoxos existentes e alimentos funcionais para
promover o uso seguro e racional desses agentes (EKOR, 2014).

Estudos que investigam a toxicidade de produtos naturais e sintéticos
iniciam-se em pesquisa basicas como a avaliacdo de atividades fosfolipasica,
hemolitica e genotdxica. A modulacdo enzimatica alterada por componentes de
produtos naturais indica possiveis interacdes dos mesmos in vitro e permite
fornecer experimentos in vivo melhor planejados e maior seguranca para salde
humana (MCKIM, 2014).
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A fosfolipase é uma enzima que hidrolisa fosfolipideos em &cidos
graxos e outras substancias lipofilicas. Existem quatro classes principais,
denominadas A, B, C e D, que se distinguem pelo tipo de reacdo que catalisam.
A PLA, é uma enzima presente, por exemplo, em pegonhas de artropodes e
serpentes. Ela e outras toxinas presentes nas peconhas podem ser inibidas por
diferentes moléculas que variam em sua natureza, incluindo agentes quimicos
sintéticos ou naturais de origem animal e vegetal. Por exemplo, a heparina
sintética de baixo peso molecular, o brometo de p-bromofenacila, a tetraciclina,
0s anticorpos mono/ policlonais, os flavonoides e alcaloides naturais extraidos
de plantas e moléculas provenientes de organismos marinhos sdo inibidores de
PLA, ofidicas (EKOR, 2014).

As Fosfolipases A, catalisam especificamente a hidrélise da ligagao 2-
acil éster de glicerofosfolipideos em membranas celulares, resultando em
lisofosfolipides e acidos graxos tais como acido araquidénico. Estes metabolitos
agem principalmente como precursores de mediadores inflamatorios
(eicosanoides), com importancia nas vias de sinalizagdo intracelular tais como
transmissdo neuronal, mitogénese, contracdo do musculo liso e ativacdo
plaquetéria. Por sua importancia em eventos inflamatorios, esta familia de
proteinas também € estudada em doencas autoimunes e inflamatorias (DENNIS
etal., 2011; LOMONTE; GUTIERREZ, 2011).

2.5 Avaliagdo do potencial genotdxico — teste cometa

A genotoxicidade ou toxicologia genética é uma especialidade que se
ocupa da identificacdo e estudo da acdo de qualquer agente fisico, quimico ou
biolégico que produz efeitos toxicos sobre o material genético. Os agentes
genotdxicos sdo aqueles que interagem com o DNA produzindo alteragfes em

sua estrutura ou fungdo e quando essas alteragdes se fixam de forma capaz de
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serem transmitidas, denominam-se mutagbes. As mutacbes, fonte de
variabilidade genética de uma populagéo, sdo fundamentais para a manutencéo
das espécies. Porém, podem causar doencas tanto nos individuos como nos seus
descendentes. Nas populacdes, podem aumentar a incidéncia de cancer, doencas
hereditarias e do coragdo, bem como aumentar a viruléncia de patégenos
(DORN et al., 2008).

Os compostos mutagénicos encontram-se distribuidos nos ecossistemas
(dgua, solo, ar); sdo transferidos e acumulados através das cadeias tréficas,
podendo causar danos genéticos ou efeitos genotdxicos nos individuos ou
populagdes expostas. Compreender os mecanismos de replicacdo de resposta ao
estresse ap0s a inducdo de estresse genotoxico estd emergindo rapidamente
como um tema central na sobrevivéncia celular e doengas humanas (QUINET et
al., 2017).

A introdugdo do conceito de eletroforese de microgel de DNA
combinado com microscopia de fluorescéncia permitiu visualizar a migracéo de
cadeias de DNA de células individuais incorporadas em agarose. Se houver
rupturas no DNA carregado negativamente, as superespirais de DNA séo
relaxadas e suas extremidades quebradas migram para o anodo durante
eletroforese. Se 0 DNA néo estiver danificado, a falta de extremidades livres e 0
grande tamanho dos fragmentos impede a migracdo. A determinagcdo da
guantidade relativa de DNA que migra proporciona uma maneira simples de
medir o nimero de rupturas de DNA numa célula individual.

O procedimento para o ensaio cometa baseado em eletroforese em gel
que pode ser usado para células eucariGticas individuais. E versatil,
relativamente simples de executar e sensivel. Embora a maioria das
investigacOes faca uso de sua capacidade de medir rupturas de DNA de uma
Unica cadeia, as modificacbes no método permitem a detecgdo de quebras de

dupla cadeia de DNA, formacdo de reticulos, danos de base e nucleos
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apoptéticos. O limite de sensibilidade é de aproximadamente 50 rupturas de
cadeia por célula diploide de mamifero. Os danos no DNA e sua reparacédo em
suspensdes de células Unicas preparadas a partir de leveduras, protozoarios,
plantas, invertebrados e mamiferos também podem ser estudadas utilizando este
ensaio. O método também pode ser usado para medir variagdes em resposta a
agentes danificadores de DNA entre células da mesma populacdo exposta
(OLIVE; BANATH, 2006).

2.6 Pegonhas de Bothrops e Lachesis

Entre 2009 e 2013, a Organiza¢do Mundial de Saiude (OMS) incluiu o
envenenamento por serpentes entre as doencas tropicais negligenciadas devido
ao grande numero de acidentes, a complexidade da condigdo clinica e ao fato de
que a populagdo mais afetada € constituida principalmente por trabalhadores de
comunidades rurais pobres (WHO, 2012). Especialistas em Toxinologia relatam
gue a cada ano ocorrem aproximadamente 421.000 casos de ofidismo, dos quais
cerca de 20.000 resultam em morte (BAGCCHlI, 2015).

O género Bothrops spp. pertencente a familia Viperidae, enquadra
serpentes denominadas popularmente de jararacas. E responsavel por 90% dos
envenenamentos ofidicos no Brasil, e o tratamento padrdo é a soroterapia. O
soro antibothropico produzido pelo Instituto Butantan é preparado pela
hiperimunizagdo de cavalos com um ‘pool’ de peconhas de serpentes das
espécies Bothrops alternatus, Bothrops jararaca, Bothrops jararacussu,
Bothrops moojeni e Bothrops neuwiedi (QUEIROZ et al., 2008). Os
envenenamentos sdo caracterizados por efeitos locais proeminentes, incluindo
edema, hemorragia e necrose, que podem levar a incapacidade permanente.

Manifestacbes sistémicas como hemorragia, coagulopatia, choque e
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insuficiéncia renal aguda, também podem ocorrer (PIDDE-QUEIROZ et al.,
2010).

H& ampla gama de variacdo na composicdo destas peconhas. As
peconhas, particularmente de serpentes Crotalidae e Viperidae, sdo fontes ricas
em serinoproteases e metaloproteases. Os componentes proteicos presentes
nestas peconhas incluem citotoxinas, cardiotoxinas, factores de crescimento
nervoso, lectinas, inibidores enzimaticos e varias enzimas, tais como fosfolipase
A, (PLA,), metaloproteases, serinoproteases, fosfodiesterases, colinesterases,
aminotransferases, L-aminoacidos oxidases, catalases, ATPases, hialuronidases,
etc. (SANTOS-FILHO; SANTOS, 2017).

Encontra-se em literatura a descrigdo de diversas serinoproteases como,
por exemplo, a BmooSP isolada de peconha de B. moojeni . Esta enzima induz
coagulagdo sanguinea in vitro e desfibrilacdo in vivo (OLIVEIRA et al., 2016).
Os autores deste estudo afirmam que esta enzima pode ser usada como cola de
fibrina biodegradavel e para o tratamento e prevencdo de distarbios
cardiovasculares devido a sua capacidade para promover a desfibrilacdo in vivo,
diminuindo a viscosidade do sangue e melhorando a circulag¢do sanguinea.

As serpentes pertencentes ao género Lachesis habitam &reas florestadas
tropicais na América do Sul e Central. Elas sdo popularmente conhecidas como
‘surucucu’ no Brasil (ALVES; ARGOLO; CARVALHO, 2014: OTERO-
PATINO, 2014).

Os envenenamentos por Lachesis muta sdo caracterizados por intensa
dor local, edema, neurotoxicidade, hipotensdo, hemorragia local e alteracdes
sistémicas. Véarios destes sintomas sdo sugestivos de estimulagdo parasimpética
autdbnoma (muscarinica) (DIAS et al., 2016). O tratamento com soro antiofidico
tem sido regularmente utilizado ha mais de um século, entretanto, ndo neutraliza
lesbes teciduais locais e hemorragia, levando a morbidade ou deficiéncia nas

vitimas. Assim, inumeros estudos ainda buscas melhorias na producdo e uso
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clinico do soro. Santos-Filho e Santos (2017) relatam busca por moléculas que
possam ajudar na neutralizagdo de diferentes tipos de fosfolipases A, e

miotoxinas, visando a complementacao da soroterapia convencional.

2.7 Aspectos gerais da Lippia alba

O género Lippia ¢ um dos 41 géneros de plantas que pertencem a
Familia Verbenaceae Juss. Compreende cerca de 200 espécies distribuidas por
toda a Africa tropical, bem como na América Central e do Sul. O Brasil estima
ser o hospedeiro de 70 a 75% das espécies conhecidas. Sdo usadas
mundialmente como alimento, bebidas, temperos e remédios, para tratar
problemas gastrintestinais e respiratorios (tosse, resfriados e asma), infecces
pulmonares, disenteria e diarreia, como analgésico, anti-inflamatério e
antipirético. E também empregada pelas suas propriedades sedativa,
carminativa, analgésica, espasmolitica e emenagoga (OMBITO et al., 2014).

Lippia alba (Mill.) N. E. Brown é uma erva nativa da América do Sul
cujos atributos medicinais foram reconhecidos desde 1882 (HENNEBELLE et
al., 2008). As espécies estudadas apresentaram tanto OE quanto dleo fixo,
ambos extraidos das folhas de L. alba. Para os OE os constituintes majoritarios
segundo OMBITO et al. (2014) foram geranial e carvenona. Estes autores
investigaram a presenca de trés iridoides, geniposideo, éster metilico e
shanzizida e relatam ainda a presenca de dois biflavonoides.

Estudos fitoquimicos das espécies de Lippia se concentraram na quimica
dos constituintes volateis, havendo, portanto informagdes limitadas sobre os
metabolitos secundarios ndo volateis. De acordo com esses autores, 0S
metabolitos ndo volateis mais significativos produzidos por espécies de Lippia
incluem terpenos (alguns sesquiterpenos, di- e triterpenos), flavonoides, fendis,

glicosideos de iridoides, fenilpropanoides e naftoquinonas. Estes compostos
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podem estar presentes na forma glicosilada, nos quais o composto é ligado a
uma ou mais por¢oes de agucar, geralmente a glicose.

A composicdo de seu Oleo essencial apresenta variacdo quantitativa e
qualitativa, levando a separa¢do em quimiotipos, 0s quais poderiam apresentar
atividades farmacoldgicas distintas (VALE et al., 2002; KRUGER, 2010). Os
autores relatam trés quimiotipos tendo cada um diferente componente
majoritario de acordo com local de cultivo. Estes sdo citral, carvona e linalol
(Figura 3), provenientes dos estados do Ceard, Rio de Janeiro e Séo Paulo
(TAVARES et al., 2005). O ¢leo foi extraido em fase de floragéo e em fase de
crescimento vegetativo apdés um ano de cultivo em mesmas condi¢bes e 0s

autores constataram que h& maior rendimento fora do periodo de floragéo.

Figura 3 - Estruturas do Citral, Carvona e Linalol.

I II e

Legenda: 1. Neral ou Citral B ou Cis-Citral; 11. Geranial ou Citral A ou trans-
Citral; Ill.Linalol; 1V:S-Carvona; V.R-Carvona.
Fonte: Do autor.



34

Em estudos in vitro a qualidade de luz parece afetar o crescimento e o
perfil da producdo de OE pela L. alba. Os autores relatam diferentes proporgdes
de eucaliptol e linalol quando utilizadas 1ampadas LED azul/vermelho apds 40
dias de cultivo. Também Constataram que a qualidade da luz e o quimiotipo
interferem de forma positiva no perfil de OE e demais componentes volateis
(BATISTA et al., 2016).

2.8 Eucalyptus sp

Eucalyptus é um género de plantas da familia Myrtaceae que agrupa
as espécies conhecidas pelo nome popular de eucalipto, ainda que 0 nome se
aplique a outros géneros de mirtdceas como algumas espécies arbdreas dos
géneros Corymbia e Angophora. Sdo, em termos gerais, arvores e, em alguns
raros casos, arbustos, nativas da Australia e Oceania, onde constituem o género
dominante da flora. As espécies de eucalipto sdo cultivadas para fins florestais e
tém notavel importancia econdbmica (BIZZO; HOVELL; REZENDE, 2009;
MARTINEZ et al., 2013; LIMA et al., 2010).

A pasta de celulose produzida a partir deste vegetal leva a fabricacéo de
carvdo vegetal, papel e madeira. Assim ha grande interesse econémico, embora
haja questionamentos sobre a destrui¢do de plantas nativas nos locais de cultivo
e diminuicdo da fertilidade dos solos (PINCELLI; SEIXAS; NUNES, 2014;
SPINELLI et al., 2016).

Segundo Bizzo e colaboradores (2009), os beneficios para a satude do
6leo de eucalipto sdo bem conhecidos e abrangentes, e suas propriedades
medicinais incluem propriedades anti-inflamatorias, antiespasmodicas,
descongestionantes, desodorantes, antissépticas, antibacterianas, estimulantes,
antifungicas entre outras. Descrevem o 6leo essencial do eucalipto como liquido

incolor e com sabor e odor distintivos.
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A maioria dos OE de espécies de eucalipto é rica em monoterpenos e
muitos tém encontrado aplicacbes em produtos farmacéuticos, agrogquimicos,
aromatizantes de alimentos e perfumes. E obtido de suas folhas frescas e seus
constituintes majoritarios sdo a-pineno, cineol e citronelal (Figura 4), entretanto
pode apresentar maior variabilidade entre os demais constituintes (BARBOSA;
FILOMENO; TEIXEIRA, 2016). Estes autores afirmam encontrar das 900

espécies de Eucalyptus, 68 estudadas em 27 diferentes paises.

Figura 4 - Estrutura quimica dos principais constituintes do OE de Eucalyptus.

TR

Piperitone Citronellal Citronellol I.8-cineole
OH .
P -cy mene a-phellandrene a-pinene c-terpineol Limonene
S
| = OAc
HO'
Alloocimene y-terpinene Geranyl acetate Spathulenol a-thujene

Fonte: Adaptado de BARBOSA, FILOMENO; TEIXEIRA (2016).

Parece haver um padréo de oxigenacdo dos monoterpenos de acordo
com a espécie. Das espécies cultivadas no Brasil, ha um predominio de
monoterpenos ndo oxigenados nas espécies E. salicena, E. robusta, E. grandis,

E. tereticornis, E. pilularis, e E. urograndis. As espécies produtoras de 6leos
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com maior teor de monoterpenos oxigenados sdo E. microcorys, E. urophylla e
E. camaldulensis (FILOMENO et al., 2016). Entre os monoterpenos oxigenados
encontrados nos Gleos de eucalipto, 0 mais comercialmente valorizado é o 1,8-
cineol, devido as suas propriedades medicinais. Para fins de aplicacdo medicinal,
0s Oleos devem ter pelo menos 33% de 1,8-cineol. Este é também conhecido
como Eucaliptol.

Desta forma torna-se relevante investigar o desempenho dos o6leos
essenciais de plantas nativas e exoticas como Lippia e Eucalipto sobre seu
desempenho in vitro frente a toxinas presentes em peconhas e sua atividade na

interacdo com células sanguineas humanas e seu processo de coagulag&o.

3. CONCLUSAO

Os dados obtidos sugerem alto potencial dos 6leos avaliados como
inibidores enzimaticos, com foco principalmente em serinoproteases e
metaloproteases, que atuam em diversos processos relacionados a hemostasia
humana. As doses testadas: 0,05 a 1,2 uL ndo induziram hemdlise, e ainda 0s
6leos de Eucalyptus spp. apresentaram efeito protetor. Considerando a
degradacdo do DNA, o o6leos de Eucalyptus grandis apresentaram efeitos
semelhantes ao da Doxorrubicina enquanto o 6leo do E. microcorys apresentou
menor dano.

Para os 6leos de L. alba houve protecdo DNA no que tange ao dano
causado pela pegonha de L.muta nas dose de 0,5a 1,2 pL. O 6leo da flor no teste
trombolitico promoveu a inibi¢do enziméatica de forma pronunciada quando
usada a peconha de B. moojeni .

Os produtos naturais sdo em linhas gerais menos toxicos ao homem e ao
meio ambiente, mais desejaveis para uso interno e de boa aceitacdo comercial,

sendo os 6leos avaliados promissores para compor formulagfes terapéuticas.
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descartdveis, as embalagens dos materiais s0 serfio abertas na sun frente, sendo estes
devidamente descartados em lixo hospitalar apds a coleta do sangue, O profissional responsivel
pela coleta do sangue usard equipamentos de protegdo individual {avental, luvas ¢ mdscara) para
minimizar o risco de contaminagdo. Apds consentimento em participar da pesquisa, o sangue
do voluntirio serd coletado uma Gnica vez, sendo utilizado para realizar todo o estudo
mencionado acima com pegonhas ¢ inibidores, Com isso encerra-se sua participagilo neste
estudo, A pesquisadora responsivel buscard auxilio médico, sempre que necessio, antes,
durante on apdés a coleta do sangue, visto que hi a possibilidade do voluntido se sentir
mal devido 4 tensio frente 4 coleta de sangue ¢ diminuighes na pressiio sanguinea. Os
voluntirios ferfio a garantin de receber uma cépia do TCLE ¢ a resposta a qualguer
pergunta ou esclarecimento de qualquer divida a respeito do procedimento a que serd
submetido e de outms sitmgdes relacionadas com a pesquisa, Os resultados da pesquisa ficario
4 sua disposigio caso tenha interesse, e voed, volunidrio, poderd procurar a responsivel pela
pesquisa 4 qualquer momento ¢ terd a garantia de que seu nome serl mantido em sigilo, sendo
o8 dodos da pesquisa expressos apenas em valores numéricos representando a5 médias dos
dadas obtides em cada ensaio,

ANALISES: todas as andlises serdo realizadas IN VITRO apios a coleta do sangue, Os festes
serfio para avaliar os efeitos das pegonhas ¢ dos dleos essenciais das folhas ¢ flores de Lippia
alba e folhas de Emicrocorys ¢ E. grandis sobre pgldbulos vermelhos, moléculas de DNA,
trombos e a coagulagdio sanguinea,

V- RISCOS ESPERADDS

A coleta de sangue poderd causar alpumas pequenas manifestaghes no local da injegio,
como um pequeno inchago, vermel hiddo ou formagiio de mancha roxa, ou seja, sinais comuns
em coletas rotineims de sangue e de baixo risco i saidde do doador, Alguns voluntirios poderio
sentir mal estar antes, dumnie ou apds a coleta de sangue, devido 4 diminuigio da pressiio
sanguinea, ¢, caso isso ocorm, 4 coleta do sangue poderd ser suspensa ¢ se necessirio o docente
responsivel solicitadt atendimento médico para o voluntino, Espera-se obter o minimo de
situagdes em que os voluniirios sintam mal estar, uma vez que, leoncamente, pessoas que se
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sentem mal ao ver sangue ou ter seu sangue retimdo ndo irdo se voluntariar, além disso, porgque
a8 coletas serdo feitas na auséneia de jejum, a qualguer hora do periodo da manha,

VI - BENEFICIOS

Mio haverd qualquer beneficio direto ao voluntdrio nesta pesquisa. Mo entanto, ele
estard contribuindo com a conelusio dos estudos referentes ao projeto de doutorado da discente
Marana Aragjo Esposito, sob a onentagio da docente Silvana Marcussi, no qual se pretende
abter informaghes sobre o8 efeitos dos dlens essenciais supracitados sobre moléculas e células
Tumanas, considerando parimetros fisiologicos e toxicologicos, visando a comprovagio de
indicagbes de uso popular dessas plantas, assim como a oblengio de conhecimentos que
permitam sugerir novas aplicagbes com eficicia ¢ seguranga,

Vil - RETIRADA DO CONSENTIMENTO

O mesponsivel pelo menor ou o proprio sujeito fem a liberdade de retirar se
consentimento a qualquer momento ¢ deixar de participar do estudo, sem qualquer prejuizo a0
atendimento a que esta sendo ou serd submetido,

Vil - CRITERIOS PARA SUSPENDER OU ENCERRAR A PESGUIS A

A pesquisa com o sangue de qualquer voluntirio somente serd suspensa em casos
especificos nio previstos que deveriio ser considerados i posterion, como problemas de satde
por parte do pesquisador envolvido, Nesia situagdo o COEP serd consuliado visamdo orientar a
continuidade do  projeto sob responsabilidade de outros pesquisadores ou mesmo seu
cancelamento,

Ix - PARTICIPANTE MAIOR DE IDADE

Eu, '
ceriico que, tendo Bdo as informagdes acima e sufidentemente esclareddo (a) de lodos os Dens, estou
plenamente de acordo com a realizagdo do expedmento. Assim, eu aulorzo a execuio do trabalho de
pesguisa exposto acima.

Lawas, de de 20__.

HOME (Jagivel) RG.
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ATENGAO: A sua pariizip e queak fipo de peaquisa & voluntinia. Em caso de divida quanto acs

seus direiios, umwaomﬂlékﬂhmmmmsmm da UFLA, Enderago —
Campus Universitanio da UFLA, Pro-refiora de pesquisa, COEP, caixa postal 3037, Teledonae: 38295182,
Este termo de consentimento encontra-se impresso em duas vias, sendo que
uma copia serd arquivada com o pesquisador responsdvel & a outra serd
fornecida a vocé.

No caso de qualquer emenpéncia enfrar em conlalo com o pesquisador responsdvel no Depariamenio de
Quimica, Telefones de contalo: 03538207622 ou 991?3-?593
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Abstract: Essential oils in plants are produced in limited amounts, however in
Eucalyptus (genus) they are present in higher quantities. The aim of this study
was to evaluate the pharmacological properties of Eucalyptus grandis (EG)
and Eucalyptus microcorys (EM) EO. The major constituent in both EO were
1,8-cineole, followed by p-cymene (28,1%) in EG and a-Pinene (25,45) in
EM. Both essential oils (0.1 — 1.2uL) prevented thrombus dissolution, reduced
clotting activity and hemolysis caused by snake venoms. EO protected
nucleoids against the genotoxic action induced by Lachesis muta venom. The
greatest inhibitions obtained in thrombolytic assay were 50% (EM; 0.05pL)
and 73% (EG; 0.05pL) upon lyses of thrombi induced by B. moojeni venom
and of about 35% to both oils acting on L. muta. venom. The clotting time was
prolonged by different volumes of evaluated oils, being considered significant
values between 10 - 27 seconds. In tested volumes EO exercised partial
protection on fibrinogenolysis induced by L. muta. venom. The minimum
hemolysis observed after manipulation of erythrocytes solution was
significantly reduced in the presence of both OE, being observed lysis values
50% lower than negative control (phosphate buffered saline - PBS). In the
comet assay, EM EO was more effective in reducing the fragmentation degree
of leukocytes DNA molecules, induced by L. muta. venom, with arbitrary units
values of 66.15, 55.32 and 53.30% lower than positive control. EO volumes
used here corresponding to the former mentioned arbitrary units were 3, 6 and
9 uL, respectively. These oils present wide application potential considering
the pharmacological properties observed in this study.

Keywords: Eucalyptus, essential oil, snake venom, Comet assay, chemical
characterization, enzyme inhibitors.



Graphical Abstract:

1. INTRODUCTION

Eucalyptus are the world’s most
widely planted hardwood trees. Their
outstanding diversity, adaptability and
growth have made them a global
renewable resource of fiber and energy.
Eucalyptus also shows the highest
diversity of genes for specialized
metabolites such as terpenes [1].
Eucalypt leaves present high essential
oils content (up to 33%), and these oils
can have 48 different compounds.
Almost all of them present the terpene
1,8-cineole, known as Eucalyptol, as
the major constituent [2]. Many
essential oils from Myrtaceae species
had  their  antioxidant  property
evaluated.  Some  essential  oils
compounds such as  p-cymeneg,
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carvacrol, cuminaldehyde, and linalool
are cited as the responsible ones for
antioxidant property [3].The extraction
method may interfere with the
antioxidant profile, but there is no
doubt that there are antimicrobial,
antinflammatory, antitumor and
enzymatic modulating properties in
these essential oils [4]. Enzymes from
snake venoms may act as supporting
tool for understanding pharmacological
and physiological processes and drug
discovery. Phospholipases A2 snhake
venoms exhibit great homology to
human phospholipases, especially in
the C-terminal region, posing as
valuable tools in the search for anti-
inflammatory compounds. The search
for natural compounds able to
neutralize or reduce neurotoxicity,
myotoxicity, cardiotoxicity, clotting,



hemorrhagic, and edema-inducing
effects caused by ophidian accident is a
promising goal [5]. Proteolytic
enzymes destabilize membrane
structure, modifying the flow of ions
and intracellular metabolism, thus
causing red blood cells to rupture. In
addition, inhibition of some snake
venoms  proteases by  natural
compounds simulates the anticoagulant
and antithrombotic effects of these
compounds on animal organisms, since
these enzymes act on the factors of the
coagulation cascade, as well as exerting
a function similar to thrombin, showing
high homology with human enzymes
[6]. Eucalyptus microcorys (EM) is one
of the least exploited Eucalyptus
species in terms of its phytochemical
content and biological activity [7]. In
opposition to this, Eucalyptus grandis
(EG) has extensive research on its
biological effects. It's essential oils had
been tested as larvicidal [8],
antibacterial, antiviral, anti-inflamatory
[9], antifungal [10], antiasthma [11]
and others. Enzyme inhibition studies
could contribute to better understand
the mechanism of action of these
enzymes in order to design novel
substrate specificities for catalyzing
specific reactions [12]. In our work the
chemical compositions of the essential
oils of E. grandis and E. microcorys
were evaluated, their performance in
the cascade of the coagulation through
tests of hemolysis, coagulation,
thrombolysis and fibrinogenolysis, as
well as, their genotoxic potential
through the comet assay.

2. MATERIALS AND METHOD

2.1 Plant material and venoms

o1

EG and EM leaves were collected at
the Campus of the Federal University
of Lavras (Latitude 21 ° 13 'S,
Longitude 44 ° 58" W and average
altitude of 915 m) in the morning
period during September 2016, in days
without precipitation. EO extraction
and characterization were performed
according to Camargo et al. [13].
Essential oils were stored at 4°C and
diluted in DMSO: PBS (1: 1). The used
venoms were purchased commercially
from the serpentarium Bioagents
(Batatais-SP). They were weighed (10
mg) and dissolved in 1 mL of
phosphate buffered saline (PBS, pH
7.4) and were previously evaluated in
different doses in all the tests to define
the minimum doses inducing of each
activity.

2.2 Thrombolytic, Fibrinogenolytic,
Clotting and Hemolysis test

Blood samples from healthy
volunteers were collected without
anticoagulant in BD Vacutainer® for
thrombolytic test [14]. 100 pL blood
were distributed in each well of
microplate. After clotting, it was added
30 pL of different samples of snake
venom (Bothrops moojeni or Lachesis
muta) with different volumes of
essential oils, incubated for 10 minutes
at 37°C. After that the samples were
placed upon thrombi and left for 24
hours at 37°C in a cell culture chamber.
Controls containing only venoms or
only oils were also tested. Free thrombi
volume were aspirated and quantified.
For hemolysis test, 10 mL blood
sample was collected in heparin tube,
homogenized and centrifuged at 700 g
for 5 minutes (Fanem Baby ® |
Centrifuge model 206 BL). Afterwards,
PBS (2 mM NaH,PO,4 3mM Nay,PO,,



154 mM NaCl, pH 7.4) was added in
the same volume of the erythrocytes,
and centrifuged at the same conditions.
The erythrocytes washing procedure
with PBS was performed 3 times.
Erythrocytes were diluted to hematocrit
of 2%. The negative control was
performed with PBS (to quantify
mechanical hemolysis) and the positive
control was performed with distilled
water (to quantify total hemolysis).
After incubation of erythrocytes at 2%
with different volumes of oils at 37 °C
for 1 hour, centrifugation was carried
out at 1500 g for 5 minutes. The
absorbance was recorded at 412 nmina
spectrophotometer [15].
Fibrinogenolytic and activities were
evaluated according to Miranda et al.
[16]. The first one by analysis of
fragmentation profile of fibrinogen
molecules in  polyacrylamide gel
electrophoresis in reducing conditions
(SDS-PAGE). Clotting  test was
performed with citrated human plasma.
The difference of 10 seconds between
the observed times in controls and in
each  treatment was  considered
significant once the prothrombin
activation occurs in 10 to 14 seconds.
This study was approved by UFLA
Committee of Ethics in Research with
Humans under the number 2.376.107.

2.3 Comet assay

To assess DNA damage in human
leukocytes we performed the comet
assay. Blood aliquots were added with
EO at volumes of 3 or 6 pL, remaining
at 37 °C for a period of 3 hours in a cell
culture chamber. A cell suspension of
approximately 106 cells mL-1 was used
to obtain up to 10,000 nucleotides of
leukocytes per slide. Blood of three
volunteers was used in independent
experiments in which they were
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evaluated and classified 300 nucleoids
by treatment, totalizing 900 nucleoids
by treatment. The 1% low melting point
(LMP) agarose, stabilized at 40°C, was
uses to include the leukocytes
previously treated and fix these cells on
the slides. The mixtures of 25 pL of
each incubation solution plus 75 puL of
LMP agarose were homogenized and
placed on slides previously covered
with 1.5% normal melting point (NMP)
agarose. Slides were coversliped and
stored at 4°C for 10 minutes. Then
immersed in freshly prepared lysis
solution (0.25 M NaCl; 100 mM
EDTA; pH 10; 1% Triton X-100; 5%
DMSO) for two hours. Then, the slides
were Kkept in the electrophoresis
solution (1 mM EDTA; 30 mM NaOH,
pH 13) for 20 minutes at 4°C, and
submitted to electrophoretic run carried
out at 25V, 300mA for 35 minutes.
After the run the slides remained in a
neutralization solution (0.4M Tris-HClI,
pH 7.4) for 30 minutes. The DNA
molecules contained in the slides were
then precipitated with absolute ethanol.
The staining was performed with
40pL/slide of propidium iodide solution
at 2 pg.uL?. Comet patterns were
analyzed by visual scores and classified
by fragmentation levels. For additional
positive control, Doxorubicin was used
in the concentration of 100 pg.uL™.
The procedures described above were
carried out in dark conditions since
light irradiation causes death of
lymphocytes by apoptosis [17]. Comet
standards were analyzed by visual
scores [18,19]. The analyzed cells were
classified by DNA injury extent in 5
classes: class 0, without damage
(damage < 5%); class 1, low level of
damage (5- 20 %); class 2, medium
level of damage (20-40 %); class 3,
high level of damage (40-85 %) and
class 4, totally damaged (damage >
85%). The average frequency of



damage was calculated from the sum of
the percentages of nucleoids with
damage 1, 2, 3 and 4. In order to
perform comparative analysis, data
were calculated with arbitrary units
(AU). The arbitrary units (0-400; being
0 = no damage and 400 = 100%
damage) were calculated by the
equation (1 x number of nucleoids
grouped in class 1) + (2 x number of
nucleoids in class 2) + (3 x number of
nucleoids in class 3) + (4 x number of
nucleoids in class 4).

2.4 Statistics

Statistical analysis was carried out
by One-way analysis of variance
(ANOVA) test using a R Core Team
[20] and the significance of the
difference  between means  was
determined by Scott-Knott test at (P<5)
significant level. Analysis was carried
out in triplicate and meantSD of three
parallel measurements.

3. RESULTS

The constituents identified in
Eucalyptus EOs characterization are
presented in Table 1. In both studied
Eucalyptus the constituent present in
higher quantity was1,8-Cineol, known
as  Eucalyptol. This  compound
represented 55.24% of E. grandis oil
and 57.14% of E. microcorys oil. In E.
microcorys, pCymene was identified in
centesimal amounts (0.56%).

The action of Eucalyptus EO on
thrombi and its effects on thrombolysis
induced by snake venoms are presented
in Figure 1. In the conditions evaluated
the essential oils did not cause thrombi
dissolution (Figure 1A).

The thrombolytic activity induced
by Bothrops moojeni venom was
intensified at highest volumes of EOs,

53

with a more pronounced thrombolytic
effect at 0.6 and 1.2 puL for E. grandis
EO and 1.2 puL of E. microcorys EO.
However, for 0.1 puL of E. grandis oil
and 0.05 pL of E. microcorys it was
observed a decrease in the action of
enzymes (mainly proteases) upon
thrombi (Figure 1B).

This effect for Lachesis muta
venom was more heterogeneous with
no relation between the oils volumes
evaluated and the percentage of
inhibition observed. All doses tested
decreased the thrombolytic activity
induced by the venom, being 0.1 uL. E.
grandis EO and 12 pL to E.
microcorys EO the most efficient doses
for enzymatic inhibition (Figure 1C).

The clotting activity induced by B.
moojeni and L. muta. venoms were
inhibited by EG and EM EO. A longer
coagulation time was observed after
incubation of 1.2 pL of EG with L.
muta. Clotting time increased from 63 s
to 90 s and 74.67 s, respectively. The
partial inhibitory effect may be related
to the volumes of oils used (chosen
based on the limitations of the method
to the use of compositions of low
polarity), incubation times with the
venoms and the variations in
composition of the venoms and oils.

Concerning the fibrinogenolytic
activity, the essential oils in the
evaluated conditions exercised partial
protection on the fibrinogenolysis
induced by B. moojeni and L. muta.
muta venoms. It was observed a
reduction in o and p chains
fragmentation, and consequent
reduction on the intensity of bands
corresponding to fibrinopeptides, in
comparison to electrophoretic profiles
obtained for controls containing snake
venoms and fibrinogen and only
fibrinogen (data not shown).

During manipulation of the samples
containing erythrocytes, a mechanical



hemolysis may occur. In this
experiment, a small mechanical
hemolysis was observed, and that was
attenuated by both EO tested. This
protection may arise from the fact that
the components in these EO may
interact  with  the  erythrocytes
membrane, increasing its stability and
resistance. The test results are
presented in Figure 2.

Genotoxicity  analysis  (Comet
assay) are presented in Table 3 and
Figure 3 and 4. EG EO showed
identical effect to positive controls in
all tested doses. Conversely, this does
not occur with any of the doses of EM,
once this EO caused DNA damage
(Table 3). This difference in the
behaviors of these two EO can be
explained by the presence of the
constituents p-cymene, which in EG is
much larger, and alpha-pinene, present
in a greater proportion in EM.

4. DISCUSSION

The composition of plant essential
oils are subject to environmental
variations. For example, Soyingbe et al.
[21] bad describped an EG EO
composed by a-Pinene (29.6%), p-
Cymene (19.8%) and 1,8-Cineole
(12.8%) as major constituents. In
another work, Santadino et al. [22]
identified as major components of EG
EO o-Pinene (48.8%), 1,8- Cineole
(18.8%) and limonene (2.2%). In our
work, the samples analyzed had 4.32
times more Eucalyptol ( 1.8 — Cineole)
than the one from Soyingbe et al. [21]
and 2.9 times more than the one from
Santadino et al. [22]. Besides no
limonene was found here. The only
aromatic compound was pCymene, and
all of them are monoterpenes, also
known as C 10 compounds.
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Analyzing clotting time, similar
results were observed by Miranda et al.
(2016) when evaluating the
performance of the essential oils from
Asteraceae family plants. In their study
all EOs evaluated increased clot
formation time compared to the same
venoms tested here. Both studies tested
same amount of venom (10 pg) and
essential oil volume. Here were tested
an EO dosage 24 times smaller than
Miranda et al (2016) in order to obtain
partial or gradual enzymatic inhibition.
The inhibitory effect was observed for
all EO dosages evaluated except for 1.2
pL of EG. The partial inhibitory effect
may be related to the volumes of oils
used (chosen based on the solubility
limitation of the use of low polarity
compounds), incubation time with the
venoms and variable composition of the
venoms.

B. moojeni and L. muta. venoms
have different constitutions and,
consequently, have different
mechanisms of action. However, all of
them act upon blood clotting cascade
inducing coagulation in the absence of
calcium, mainly due to the action of
proteases. Eucalyptus EO was able to
modulate enzymatic activity and
change snake venoms in vitro
performances. These findings suggest
possible modulatory interactions
between terpenes present in the oils and
proteases present in the venoms.

Considering the different
coagulation times obtained with
different oils and different venoms, it
was not possible to detect an inhibition
pattern, so that several terpenes may
have been responsible for specific
interactions with each toxin present in
the snake venoms evaluated. Possible
mechanisms of inhibition may include
chelation of ionic cofactors by



components of the oils, binding of
terpenes to catalytic sites present in
enzymes, interaction of oils
components with hydrophobic amino
acids in toxins structures.

These interactions may alter
protein three-dimensional
conformation, solubility and, therefore,
can interfere with their catalytic
activity, among others [23,24]. Miranda
et al. attribute the enzymatic inhibition
observed in  their work to
sesquiterpenoids content (19.0%) in
Hedychium coronarium EO, which
does not occur with EO samples from
the present study, once in Eucalyptus
EO there is no sesquiterpene
components. Transient receptor
potential channels (TRP channels) are a
group of ion channels located mostly
on the plasma membrane of numerous
animal cell types. These channels
mediate a variety of sensations like the
sensations of pain. Caceres et al (2017)
clarify that 1,8-Cineole  modify
inflammatory enzymes, through TRP
channels which lead cells to produce
less inflammatory cytokines (IL-1p,
TNF-o and IL-6). Eucalyptol also
exhibited strong analgesic effects and
attenuated mechanical allodynia. The
same happened with its metabolite:
2-hydroxy-1,8- cineole. The interaction
of Eucalyptol with membrane receptors
makes strong the suggestion that the
membrane modifies and it justifies
lower hemolysis in the assay performed
[25].

Sharma et al. [26], suggest that
geraniol  disrupts cell membrane
integrity by interfering with ergosterol
biosynthesis, and significantly inhibits
PM-ATPase, a type of Proton-ATPase.
In this work the authors test this
monoterpene on yeasts, and attributed
to it the activity of membrane lysis and
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therefore, fungicidal action. They also
reported that lysis occurs only in doses
equal or 5 times higher than the
Minimum Inhibitory  Concentration
(MIC: 30 to 130 pg.mL™). Silva et al.
[27], tested Casearia sylvestris EO on
seven different types of red blood cells
and found hemolysis in all of them at
doses of 0.6 to 600 pg.mL™, however in
this work the EOs were dissolved in
Ethanol: DMSO, which could also have
influenced the results of hemolysis. The
results of these studies demonstrate that
doses below 150 pg.mL™, depending
on the EO components, can induce
pharmacological activities without the
undesirable effect of hemolysis.

Dorsam et al. [28] reported that
isolated  Eucalyptol is  weakly
genotoxic, inducing oxidative damage
in DNA from proficient cells in repair
mechanisms without resulting in cell
cycle arrest and death. Here it is shown
that the EO, mostly with Eucalyptol but
not only it, can cause severe damage to
lymphocytes DNA and the behavior is
quite similar to Doxorubicin (100 pg)
(p< 0,05).

Some plant species are well
described and characterized the
antioxidant activities of their EO, being
this action one of mechanisms that
contribute to antiproliferative properties
[29]. The authors suggest that the
mechanisms of tumor cell growth
control in the presence of EO occurs by
apoptosis triggered by mitochondrial
death. This mechanism was described
for leukemic HL-60 cells after addition
of Artemia vulgaris L. EO [29]. In this
study it was suggested that the major
components of the isolated EOs would
be responsible for the induction of
apoptosis. These components are
caryophyllene, a-zingiberene, borneol



and a-curcumene. Except for borneol,
all the others are sesquiterpenos.

Similarly, aerial parts of Salvia
bracteata Banks and Salvia rubifolia
Boiss had their essential oils extracted
and subjected to the Comet assay on
human melanoma cells [30]. These
research described that Salvia rubifolia
essential oil presented a higher
concentration of sesquiterpene
hydrocarbons (41.4%), and it had
shown to be more active than the
essential oil of Salvia bracteata, in
reducing cell vitality, altering cell
membrane integrity and in inducing
genomic DNA fragmentation.
Therefore, the results on melanoma
cells, observed by them, suggest that
the anticancer activity of the essential
oils evaluated may be related to active
sesquiterpenes acting in synergism. The
results from these authors had a solid
scientific ~ background, since a-
humulene is active against A549, DLD-
1 and LNCaP cell lines [31,32] and
caryophyllene and a-caryophyllene
exhibited  antiproliferative  activity
against K562 cell [33].

5. CONCLUSION

These findings suggest that the
inhibitory activity of the essential oil is
due to the monoterpene constituents
present in both oils analyzed. The doses
employed may cause inhibition of the
enzymes of the coagulation cascade,
increasing  coagulation  time  and
formation of the fibrin net, hinder the
thrombolytic effect and protect against
hemolysis. In tested doses of 0.05 and 1.2
pL, E. grandis oil appears to exert a
genotoxic damage such as doxorubicin
damage. Meanwhile E. microcorys oil is
less genatoxic.
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Figures to Current Organic Chemistry

Table 1. Chemical constituents of the essential oils of leaves of Eucalyptus grandis and
E. microcorys.

Essentialoil Compound % RI
a-Pinene 6,13 933
p-Cymene 28,19 1024
E. grandis 1,8-Cineole (Eucalyptol) 55,24 1032
y-Terpinene 5,85 1058
a-terpinylacetate 4,59 1346
a-Pinene 25,45 933
Camphene 1,30 943
p-Cymene 0,56 1033
1,8-Cineole (Eucalyptol) 57,14 1032
E. microcorys a-Fenchol 1,20 1121
Trans-Pinocarveol 6,77 1142
Pinocarvone 2,45 1163
Isoborneol 2,75 1174

a-Terpineol 2,38 1197
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Table 2. Effect of essential oils from Eucalyptus grandis and Eucalyptus microcorys on
clotting time of human citrated plasma induced by Bothrops moojeni and Lachesis
muta muta venoms.

Clotting time (s)
Samples
B. moojeni venom L. muta. muta venom
Control 62.33+251 63.00+3.0
Essential oil ~ (uL)
0.05 726+32° 77.6+.06°
0.1 71.6+3.0° 703+15°
E.grandis 0.3 56.3+ 1.5 69.3+25%
0.6 74.0 £ 1.0° 86.6+15°
1.2 62.6+3.2* 90.0+20°%
0.05 76.6 +2.1° 703 £06°
0.1 76.0+20° 78.0 £2.6°
E.microcorys 0.3 7433+ 1.2° 736 +15°
0.6 65.6+1.2* 76.3 £15°
1.2 786+15° 746+23°

Data represent means of triplicate and standard derivation. For each treatment of oil plus
each venom analyzed, the means followed by the "a" (in anti-clotting action) or "b" (pro-
clotting action) letter, differ significantly from control at 5% probability by Scott-Knott
Test. * Do not differ significantly from control at 5% probability by Scott-Knott Test.
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Table 3: Effect of EO from Eucalyptus grandis and Eucalyptus microcorys on DNA from
human blood leukocytes.

Damage frequency  Arbitrary units; A +

Amoun Samples (%) sD
t cE) 7.0 28.3 + 8.02°
100ug C(+) Doxorubicin 80,8 3233+ 24"
soug O Lad:/eesrilz nr]"“ta muta 70,5 282.7 +33.8"
3ul 59,8 239.0+1°
6ul E. grandis (EO) 60,0 240.7 £10.4°
oul 66,0 264.0+9.0°
3ul 23,9 95.67 +21.4°
6l E. microcorys (EO) 31,6 126.3+14.2°
oul 33,0 132.0+1.0°¢

(+)CD: Positive Control Doxorubicin; (+) CL: Positive Control Lachesis muta venom, (-)
Control:Negative control (PBS); EQO: Essential oil. A+ SD: Average of arbitrary units
corresponding to triplicates obtained in three independent assay + Standard Deviation.
Each letter differs significantly (p <0.05) by Skott-Knott Test.
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Figure 1. Activity on human blood thrombi. (A) Thrombolytic activity of essential oils

from Eucalyptus grandis and Eucalyptus microcorys.(B) Effect of essential oils
on the thrombolytic activity induced by Bothrops moojeni snake venom.(C)

Effect of essential oils on the thrombolytic activity induced by Lachesis muta

snake venom.
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Figure 2. Effect of EO from Eucalyptus grandis and Eucalyptus microcorys on human
erythrocytes lyse.
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(+)Control: water; (-) Control: PBS. Data represent average of triplicates evaluated to
Eucalyptus grandis and E.microcorys EO at different volumes in three independent
experiments. Each letter differs significantly (p <0.05) by Skott-Knott Test.
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human blood leukocytes.Percentage of nucleoids in the different comet classes

Figure 3. Effect of EO from Eucalyptus grandis and Eucalyptus microcorys on DNA from
corresponding to the varying degradation levels of the DNA molecules.
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Figure 4. Comet assay (single cell gel electrophoresis) in human blood leukocytes.
Demonstrative images of scores observed in different treatments.A: class zero;
B: class 1; C:class 2; D: class 3; E: class 4.

Al: + Control Lachesis muta muta venom; A2: + Control Doxorubicin; B: - Control (PBS);
0: damage zero; 1: Score class 1; 2: Score class 2; 3: Score class 3; 4: Score class 4.
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Abstract

Lippia alba (Mill.) NE Brown (Verbenaceae), presents several medicinal uses
and its essential oils are investigated under different conditions. The aims of this
study were determine the composition of the L. alba flower and leaf essential oil
(EO) and to evaluate the pharmacological properties through action on
proteolitic enzymes present in snake venoms. The major constituent in flower
EO were and geranial (49.83%) and neral (32.75%), and to the leaf EO were
geranial (38.06%), neral (31.02%) and limonene (18.03%). Flower EO presented

protective effect on thrombus dissolution induced by Bothrops moojeni and
Lachesis muta muta venoms (0.05-1.2 puL mL™). Leaf EO presented

procoagulant effect under the same conditions (0.6-1.2 uL mL™). When tested
against L. muta. muta venom, the protective effect were smaller in both EO. The
clotting time was prolonged by the different volumes of both evaluated oils
when L.muta muta venom was tested and procoagulant effect was observed
against B.moojeni . In the comet assay, flower EO was more effective in
protecting DNA when tested with L.muta muta venom, presenting 11.6 — 34.9%
damage frequency, compared with 80.3% in Doxorubicin (+Control) and 70.7%
for L.muta muta venom. When both EO tested by themselves, flower EO

presented significantly different to damages in negative control (PBS). However
this oil (3 uL mL™) protected DNA from ruptures caused by L.muta muta venom

inducing significant reduction in arbitrary units values. This study is the first to
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present genotoxicity and anti-genotoxicity data using the comet assay to evaluate
L. alba leaf and flower EO.

Key words: Lippia alba, essential oil, snake venom, Comet assay, chemical

composition, enzyme inhibitors.

1. Introduction

The genus Lippia (Verbenaceae family) includes about 200 species that
are abundantly present in Central America, South America and Africa
(VILJOEN et al., 2005). Lippia alba (Mill.) N. E. Brown is a tropical aromatic
shrub widely used in traditional medicine (MATESANZ; GIANOLI,
VALLADARES, 2010) and its essential oils (EO)have been studied for various
applicabilities, in industry, agriculture and health.

In the Northeast region of Brazil, the presence of three chemotypes,
characterized by the production of EO, are reported: myrcene-citral (chemotype
1), limonene-citral (chemotype Il) and carvone-limonene (chemotype III)
(SILVA et al., 2016). Mishra et al. (2010), report the L. alba cultivar ‘Kavach’
as a linalool-rich oil resource. Due to the presence of different compounds L.
alba oil, they present a difference performances of antioxidant, antimicrobial
(VILJOEN et al., 2005), antifungal (MESA-ARANGO et al., 2010), antitumor
(MONTERO-VILLEGAS et al., 2018) and anesthetic activities (SOUZA et al.,
2018).

Natural products such as vegetal compounds are an excellent alternative
source of novel antitumor agents. Caspases (cysteine-aspartic proteases) are a
family of protease enzymes playing essential roles in programmed cell death
(including apoptosis, pyroptosis and necroptosis) and inflammation. Caspase
deficiency has been identified as a cause of tumour development. Due to the

results of the cellular inhibitor performance in tumor cell lines and because of



70

their prominent antioxidant activity, the EO may present aggressive activity on
DNA from healthy cells (GOODSELL, 2000) Some plants EO induces cell
death through intrinsic (mitochondrial) and extrinsic apoptotic pathway
revealing that apoptotic activity was by ROS accumulation. EO induced
apoptosis was found to be due to the loss of mitochondrial membrane potential
(A¥m), increase in Bax/Bcl-2 ratio(correlated with age and tumor location),
release of cytochrome ¢ and activation of the proteases caspases (cleaved form
of caspase-3, caspase-8, caspase-9) Some studies have shown an isolated
component of the EO — such as citral and 1,8-cineole, and link its effects on the
induction of apoptosis by the colorimetric measurement of caspase-3(CHA et al.,
2009; CHA; KIM; KIM, 2010; DUDAI et al., 2005; LIN; DAI; CUI, 2017;
PAVITHRA; MEHTA; VERMA, 2017).

The objective of this work was to investigate the inhibitory potential of
essential oils extracted from leaves and flowers of L. alba against the coagulant
and thrombolytic activities induced by Lachesis muta muta and Bothrops
moojeni snake venoms and to evaluate if they exhibit any protective or toxic

activity on DNA from human leukocytes.

2. Materials and methods
2.1 Plant material and venoms

Lippia alba (Mill.) N. E. Brown leaves and inflorescences were
collected at the Campus of the Federal University of Lavras (Latitude 21 ° 13 'S,
Longitude 44 ° 58' W and average altitude of 915 m) in the morning period
during September 2016, in days without precipitation. Exsicta ESAL 23870.

The oil extraction and characterization were performed according to
Camargo et al. (2017). Essential oil were stored at 4°C and diluted in DMSO:
PBS - phosphate buffered saline (1:1, v:v).
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The venoms used as source of enzymes to induce different activities
were purchased commercially from the serpentarium Bioagents (Batatais-SP).
The venoms were weighed and dissolved in PBS, pH 7.4, to perform the assays.

The venoms were previously evaluated in different doses in order to

define the minimum doses inducing adequate for each activity.

2.2 Thrombolytic and Clotting activities

Blood samples from healthy volunteers were collected without
anticoagulant in BD Vacutainer ® for thrombolytic test (CINTRA et al., 2012),
100 pL blood were distributed in each well of microplate. After clotting, 30 pL
of samples (Bothrops moojeni or Lachesis muta muta venom plus different
volumes of essential oils (0.05, 0.1, 0.3, 0.6, and 1.2 pL mL™), incubated for 10
minutes at 37°C) were placed on thrombus and incubated for 24 hours at 37°C in
a cell culture chamber. Controls containing only thrombus, and thrombus
incubated only with venoms or only with oils were also made. Free thrombus
volumes were aspirated and quantified.

Clotting test were performed with citrated human plasma according to
Miranda et al. (2016), with modifications in the venoms used to controls and
volumes of oils evaluated. The difference of 10 seconds between times observed
in controls and in the treatments was considered as significant once the
prothrombin activation occurs in 10 to 14 seconds.

This study was approved by the Committee of Ethics in Research with
Humans of the UFLA and filed with the number 2.376.107.

2.3 Comet assay

To evaluate damage in DNA from human leukocytes comet assay was
performed. Blood aliquots were added with EO at volumes of 3 or 6 pL mL™,

remaining at 37°C for a period of 3 hours in a cell culture chamber. A cell
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suspension of approximately 10° cells mL™ was used to obtain up to 10,000
nucleotides of leukocytes per slide. Blood of three volunteers was used in
independent experiments in which they were evaluated and classified 300
nucleoids by treatment, totalizing 900 nucleoids by treatment.

The 1% low melting point (LMP) agarose, stabilized at 40°C, was uses
to include the leukocytes previously treated and fix these cells on the slides. The
mixtures of 25 pL of each incubation solution plus 75 puL of LMP agarose were
homogenized and placed on slides previously covered with 1.5% normal melting
point (NMP) agarose. The slides were stored at 4°C for 10 minutes and then
immersed in lysis solution (0.25 M NaCl; 100 mM EDTA; pH 10; 1% Triton X-
100; 5% DMSO) for two hours. Then, the slides were kept in the electrophoresis
solution (1 mM EDTA; 30 mM NaOH, pH 13) for 20 minutes at 4°C, and
submitted to electrophoretic run carried out at 25V, 300mA for 35 minutes.

After the run the slides remained in a neutralization solution (0.4 M
Tris-HCI, pH 7.4) for 30 minutes. The DNA molecules contained in the slides
were then precipitated with absolute ethanol. The staining was performed with
40pL/slide of propidium iodide solution at 2 pg puL™. Comet patterns were
analyzed by visual scores and classified according to fragmentation levels. For
additional positive control, Doxorubicin was used in the concentration of 100 pg
mL* (MARCUSSI et al., 2013; PEREIRA et al., 2012).

The procedures described above were carried out in dark conditions
since light irradiation causes death of lymphocytes by apoptosis (CHEN et al.,
2015).

Comet standards were analyzed by visual scores according to Collins et
al. (1997), with minimal modifications. The cells analyzed were classified by
DNA injury extent in 5 classes: class 0, without damage (damage < 5%); class 1,
low level of damage (5-20 %); class 2, medium level of damage (20-40 %); class

3, high level of damage (40-85 %) and class 4, totally damaged (damage >
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85%). The average frequency of damage was calculated from the sum of the
percentages of nucleoids with damage 1, 2, 3 and 4. In order to perform
comparative analysis, data were calculated with arbitrary units (AU) as
described by Collins et al. (1997). The arbitrary units (0-400; where 0 = no
damage and 400 = 100% damage) were calculated by the equation (1 X number
of nucleoids grouped in class 1) + (2 x number of nucleoids in class 2) + (3 x

number of nucleoids in class 3) + (4 x number of nucleoids in class 4).

2.4 Statistics

Statistical analysis was carried out by One-way analysis of variance
(ANOVA) test using a R Core Team (TEAM, 2013) and the significance of the
difference between means was determined by Scott-Knott test at (P<0.05)
significant level. Analysis was carried out in triplicate and mean+SD of three

parallel measurements.

3. Results and Discussion

The constituents identified in L. alba leaves and inflorescence EOs

characterization are presented in Table 1.
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Table 1: Chemical constituents of the essential oils of flowers and leaves of

Lippia alba.
Essential oil % Compound RI
Flower
9.1 p-Cimene 1026
0.06 Limonene 1029
5.16 y-Terpinene 1058
32.75 Neral 1239
49.83 Geranial 1269
2.07 D-Germacrene 1481
1.03 a-Elemol 1550
Leaf

0.13 a-Thujeno 924

1 Sabinene 972
* p-Cimene 1.025
18.03 Limonene 1.028
5.02 v-Terpinene 1.057
31.02 Neral 1.238
38.06 Geranial 1.268
3.17 D- Germacrene 1.480
3.52 o -Elemol 1.549

*Traces: (less than 0.1%)

By hydrodistillation technique Stashenko, Jaramillo, Martinez, (2004)
found more than 40 constituents in the EO of L. alba leaves, with carvone (57%)
and limonene (37%) being the major components. They also reported that when
they used the Headspace technique, they found limonene (77%) as the major
constituent in the same sample analyzed. In that study the carvone presented in
the proportion of 14%. This suggests that the method employed interferes with
the profile of the results obtained. Here, the leaves did not present carvone and
limonene appeared in 18% of the OE.

To demonstrate the interference of the plant culture site in the component
profile and its proportions in the OEs (TOMAZONI et al., 2016), analyzed
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Lippias from 4 different cities of Rio Grande do Sul, Brazil. Its main
components were camphor in two of the samples, linalool and citral in the
others. In the present study camphor and linalool are not present constituents.
The profile of constituents modulates the biological properties performed by the
OEs and suggests different enzymatic interactions in the metabolism
(BAKKALLI et al., 2008). In plant tissue culture three different strains of Lippia
produced different profile of components and responded differently to changes
in CO, concentrations. In this study the results support the understanding of the
metabolic routes of monoterpene synthesis and the modulation of enzymatic
translation/ transcription from environmental effects (BATISTA et al., 2017).

Citral-a (Geranial) and citral-b (Neral) are isomers commonly found in
Lippias. The presence of this component has sedative, neuroleptic effects and
appears to increase the half-life of barbiturates in tests with mice. This property
corroborates the traditional use (VALE et al., 2002). Similar to the present work,
SOARES et al. (2017) found carvone as the major constituent (61.7%) and
attributed to it changes in glucose levels, overall leukocyte count, neutrophils,
lymphocytes and eosinophils. The authors reported that this OE causes severe
histopathological and hematological changes in the fish Colossoma
macropomum (tambaqui).

L. alba‘s EO had different effects on the thrombus induced by the venoms
of Bothrops moojeni and Lachesis muta muta. Figure 1 presents the results of

the controls (Lippia OE, PBS and venoms) and incubated.
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Figure 1: Activity on human blood thrombi. (A) Thrombolytic activity of
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Previous incubation of the L. alba leaves EO with the B. moojeni
venom presented a procoagulant activity at the doses of 0.6 and 1.2 uL mL™.
However, L. alba flower EO presented thrombolytic activity at doses of 0.1 and
0.3 puL mL* (Figure 1A). This may be due to the presence of several
components such as p-cymene in the flowers and limonene in the leaves. L. alba
OEs presented activity in all the doses tested, being the dose of 1.2 pL mL™ of
OE from flowers more efficient in inhibiting the enzymes present in L. muta.
venom (Figure 1B).

The clotting activity induced by B. moojeni and L. muta. muta venoms
were inhibited by L. alba flower and leaf OE (Table 2). The partial inhibitory
effect may be related to the volumes of oils used (chosen based on the
limitations of the method to the use of compositions of low polarity), incubation

time with the venoms and varied composition of the venoms and oils.

Table 2: Effect of essential oils from Lippia alba on clotting time of human citrated

plasma induced by Bothrops moojeni and Lachesis muta muta venoms.

samples Clotting time (s)
Lippia alba oil (uL mL") B. moojeni venom L. muta. muta venom

Control (without oil) 66.66 + 2.1 61.33+2.1
0.05 78.6 + 1.5° 74.6 + 2.3

0.1 476+ 1.2° 90.3+2.1°

Leaf 0.3 44.0+2.0° 92.6 + 0.6%
0.6 456+ 1.5° 110.0 + 2.0°
12 443+ 0.6° 113.0 + 1.0°

0.05 57+1.2* 80+0.6°

0.1 65.6+1.2* 65.9 +1.5*

Flower 0.3 57.0+1.7* 65.9 +0.6*
0.6 52.3 + 2.5 73.6 +2.9°

12 463+25° 83.6 +2.3°

Data represent means of triplicate and standard derivation. For each treatment of oil plus

each venom analyzed, the means followed by the "a" (in anti-clotting action) or "b" (pro-
clotting action) letter, differ significantly from control at 5% probability by Scott-Knott
Test. *Do not differ significantly from control at 5% probability by Scott-Knott Test.
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The data of L. alba OEs in contact with B. moojeni venom presented in
Table 2 show a procoagulant action previously reported in the literature by
Miranda et al. (2014) when evaluating Hedychium coronarium essential oil. This
can occur due to the structural variability of molecules, mainly of hydrophobic
character, present in essential oils. The results suggest that the oils may interact
with plasma proteins involved in the coagulation cascade, making them more
susceptible to the proteolytic action of the venoms, and as a consequence,
accelerate the plasma coagulation. This interaction probably occurs between the
individual constituents of the essential oils and proteins, such as thrombin,
fibrinogen or fibrin, which are the main targets of the coagulant toxins, thus
acting as procoagulants. For L. muta. muta the clot formation time was
prolonged, and the oils could be considered as potential anticoagulants or
inhibitors of coagulant proteases. L. muta. muta and B. moojeni venoms have
different constitutions and, consequently, their toxins have different mechanisms
of action.

However, both venoms evaluated act on the blood clotting cascade,
inducing coagulation in the absence of calcium, mainly due to the action of
serine proteases. EOs were able to modulate enzymatic activity and alter their in
vitro performance. These findings suggest possible interactions between the
terpene compounds present in the oils and proteases present in the venoms.
Considering the different coagulation times obtained with the different oils and
different venoms, it was not possible to detect an inhibition pattern, so that
several terpenes may have been responsible for specific interactions with
different toxins present in the evaluated venoms. The enzymatic inhibition can
be attributed to the sesquiterpenoid (D-Germacrene and a-Elemol) content
present in the L. alba OE, since there was an elongation of the coagulation time
in L. muta. muta venom test. This sesquiterpenoid content was only 3.10% for

flower and 6.69% for leaf. A Genotoxicity analyzes (Comet assay) are presented
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in Table 3 and Figures 2 and 3.

Table 3: Effect of Lippia alba EO on DNA from human blood leukocytes.

Damage frequency Arbitrary units; A £

Amount (uL Samples (%) sD
-1

mL.") () C 7.1 28.3 £ 8.02°
100 pug mL™ (+)CD 80.3 321.3+454°
50 pg mL™* (+) CL 70.7 282.7+33.8"

15 14.4 57.8 + 6.15°

3.0 Flower EO 13.3 53.3+2.31°

6.0 15.4 61.7 + 3.51°

1.5 7.7 30.7 + 4.16°

3.0 Leaf EO 7.6 30.0 + 3.60°

6.0 8.4 33.0 +5.6°
15 L.muta muta + Flower 58.8 235.0 +11.31°

3.0 EO 26.8 107.0 + 4.24°

15 L.muta muta + Leaf 14.5 58.0 +1.41°

3.0 EO 11.6 46.5 + 6.36°

(+) CD: Positive Control Doxorubicin; (+) CL: Positive Control Lachesis muta
muta venom, (-) Negative control (PBS); EO: Essential oil. A+ SD: Average of
arbitrary units corresponding to triplicates obtained in three independent assay *
Standard Deviation. Each letter differs significantly (p <0.05) by Skott-Knott
Test. * Lippia alba flower oil tested 1.5 and 3.0uL mL™ only because of small
amount of oil available.
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Figure 2: Effect of Lippia alba flower and Leaf EO on DNA from human
blood leukocytes. Percentage of nucleoids in the different comet
classes corresponding to the varying degradation levels of the
DNA molecules.
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Data represent average of values obtained from triplicate assays where were evaluated
300 nucleoids/treatment/assay. Comet were classified according to Collins et al.
(2004). NC: negative control (PBS); +CD: positive control (Doxorrubicin, 100pug mL”
1); +CL: positive control (Lachesis muta muta venom, 50ug mL™Y). O+V: Oil + L.
muta. Venom. Each letter statistically differs (p < 0, 05) using Skott-Knott test.
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Figure 3: Comet assay (single cell gel electrophoresis) in human blood leukocytes.
Demonstrative images of scores observed in different Damage Classes
(form 0 to 4).

Damage 0 Damage 1 Damage 2

Damage 3 Damage 4

(+) Control L

Lippia alba Flower oil Lippia alba Flower oil + Venom (+) Control D

(+)CL: Positive Control with Lachesis muta muta 50pg mL™; (+) CD: Positive Control with
Doxorubicin 100pg mL™.

Damage to DNA evaluated by the alkaline comet method is widely used
in genotoxicity tests and mechanisms of DNA damage and repair. This assay
enables alkaline pH treatment and electrophoresis to detect DNA single- or
double-strand breaks, which are alkaline-labile sites, through the alkylation of
electronegative DNA groups and cross-links (Collins, 2004). Lippia's EO was
chemically characterized through GC-MS and then the authors evaluated their
anesthetic activity and genotoxicity in fish and mammals (KAMPKE et al.,
2018). They reported to the anesthetic activity that there was no difference
between the control and treatment neither at 300 mgKg™ when evaluated by the
methods of inhalation or gavage. Higher percentage of damage was found in fish
than in mammals, possibly due to the action of the immune system since they
detected inhibition of nitric oxide (NO) release (KAMPKE et al., 2018).

Here leaf EO presented damage similar to negative control (PBS). When

EOs were tested in combination with venom, they presented a protective role for
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DNA. It can be observed (Figure 3) the enzymatic inhibition when these were
associated with 1.5uL and 3uL mL™ of leafs EO.

If we analyzed the doses tested, in the work of these authors (KAMPKE
et al., 2018), mice weight was 32.5 + 3.43g (Ax SD). In terms of amount of oil it
means 2.9 to 10.7g. Here with in vitro assay and dose of 1.5 and 3 uL mL*
caused different effects. It is suggested that in vitro assay does not have all the
immunological signaling and chemotaxis issues that a xenobiotic agent produces
in a living organism.

Highlight, our study is the first to present experimental genotoxicity data
using the alkaline comet assay in L. alba leaf and flower EO. The alkaline comet
provides considerable advantages over conventional cytogenetic methods such
as chromosomal aberrations, sister chromatid exchange and micronucleus test
used to detect damage in DNA, because for the comet assay, cells need not be
mitotically active (ALI; KUMAR, 2008).

The natural inhibitors act on PLA,s and proteases through different
mechanisms, most of them still not completely understood, including binding to
specific domains in the enzymes structures and forming complexes with divalent
ions (Silva et al., 2008). Several substances have been evaluated regarding their
effects against snake venoms and isolated toxins, including plant extracts and
compounds from mammals and snakes serum plasma, in addition to poly or
monoclonal antibodies and several synthetic molecules. Research involving
these inhibitors may be useful to understand the mechanism of action of
different classes of enzymes and their role in envenomations caused by snake
bite. Furthermore, the biotechnological potential of inhibitors may provide
therapeutic molecular models with antiophidian activity to supplement the
conventional serum therapy against these multifunctional (OLIVEIRA et al.,
2016).
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4. Conclusion

The essential oils of Lippia alba showed modulatory effects (through
inhibition or potentiation) on the biological activities induced by Lachesis muta
muta e Bothrops moojeni venoms, highlighting their anti-genotoxic potential,
and modulator of hemostasis-related processes. These results would suggest the
benefits of using both oils of preparations as natural source of antioxidants and

possible protective action against DNA damage.
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