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APRESENTACAO

No item INTRODUGCAO estd descrito uma revisio sucinta sobre os temas
trabalhados nesta tese. No final deste item estdo apresentados os objetivos geral e

especificos.

Os RESULTADOS estdo dispostos na forma de artigo cientifico e manuscrito
submetido & publicacdo. As se¢des Introducdo, Materiais e Métodos, Resultados,
Discussdo e Referéncias Bibliograficas encontram-se no artigo e nos manuscritos e

representam a integra deste estudo.

No item DISCUSSAO estéo apresentados as interpretacdes e comentarios gerais

sobre o0 artigo e 0 manuscrito cientifico apresentados.

No item CONCLUSOES s#o apresentadas as conclusdes gerais do presente
trabalho.

As REFERENCIAS BIBLIOGRAFICAS apresentadas no final da tese
referem-se somente as citagbes que aparecem nos itens INTRODUCAO e
DISCUSSAO.



RESUMO

Tese de Doutorado
Programa de Pds-Graduagdo em Ciéncias Bioldgicas: Bioquimica Toxicolégica
Universidade Federal de Santa Maria, RS, Brasil

EFEITOS BIOLOGICOS DO OLEO ESSENCIAL E DO EXTRATO HIDRO
ALCOOLICO DAS FOLHAS DE Psidium guajava VAR. POMIFERA L.

Autor: Antonio Ivanildo Pinho
Orientador: Prof. Dr. Jeferson Luis Franco
Local e data da defesa: Santa Maria, 17 de dezembro de 2015.

A familia Myrtaceae possui 145 géneros. No Brasil sdo registrados 23 géneros
e cerca de 1.013 espécies. Muitas plantas desta familia sdo utilizadas na alimentacdo,
como os frutos da Psidium guajava L., popularmente conhecidos como goiaba. As
folhas da goiabeira sdo utilizadas na medicina popular para cdlicas, colite, diarréia,
disenteria e dor de barriga. O objetivo deste trabalho foi avaliar os efeitos biologicos do
6leo essencial (OEPGP) e do extrato hidro alcéolico (HEPG) das folhas de Psidium
guajava var. pomifera L. Para avaliar a acdo bioinseticida do OEPGP foram utilizadas
Drosophila melanogaster. A exposicdo das moscas ao OEPGP foi realizada por um
protocolo de fumigacdo: moscas adultas (machos e fémeas) foram colocadas em frascos
de vidro, contendo um papel filtro embebido em 1% de sacarose. Um papel filtro foi
fixado no lado interior da tampa para aplicacdo de diferentes doses de dleo essencial (0,
3, 7,5, 15, 23,5 e 30 pg/mL). A mortalidade das moscas foi avaliada 6, 12, 24 e 48 h.
Por sua vez, para avaliar a acdo antioxidante e quelante contra o mercdrio foram
elaborados ensaios de DPPH, TBARS e 1,5-difenilcarbazona, nas concentracdes de 0,
0,1, 0,2 e 0,4 mM de HgCl. e concentragdes de 0, 25, 33, 50, 100 e¢ 200 ug/mL do
HEPG. O crescimento celular foi avaliado utilizando Sacharomices cerevisae, 0s quais
foram expostos a concentragdes de 100, 125 ¢ 150 uM de HgCl. e 0, 0,25, 0,5, 1, 1,25,
2,25 ¢ 5 pg/mL de HEPG. Os resultados mostram que 0 OEPGP apresenta uma agéo
bioinseticida quando as moscas foram expostas as concentra¢des de 23,5 e 30 pg/mL. A
atividade locomotora foi comprometida nas concentragdes de 15, 23,5, e 30 ug/mL nas
primeiras 6 h de tratamento. O OEPGP causou aumento nos niveis de TBARS e na
atividade das enzimas antioxidantes GST e CAT. Por sua vez, o HEPG apresenta
elevadas concentracbes de fendis e flavonoides e apresentou atividade antioxidante,
comprovada nos ensaios de TBARS e DPPH. A acdo quelante do HEPG foi
comprovada pelo ensaio da 1,5-difenilcarbazona e pelas dosagens dos niveis de Hg por
ICP-AES. O HEPG evitou parcialmente a morte celular causada por HgClz. Nosso
estudo indicou que HEPG tem efeitos antioxidantes e de protecdo contra o estresse
oxidativo causado pelo HgClz, enquanto que o 6leo essencial apresenta uma acdo
bioinseticida por desencadear uma acdo pré-oxidante.

Palavras-chaves: Psidium guajava, Oleo essencial, extrato hidro alcdolico,
enzimas antioxidantes, quelacdo, mercurio, bioinseticida.



ABSTRACT

Thesis of Doctor’s Degree
Graduate Program in Biological Science: Toxicological Biochemistry
Federal University of Santa Maria, RS, Brazil

BIOLOGIC EFFECTS OF ESSENTIAL OIL AND HIDROALCOOLIC
ESTRACT OF Psidium guajava VAR POMIFERA L.

Author: Antonio Ivanildo Pinho
Advisor: Jeferson Luis Franco
Date and place of the defense: Santa Maria, December 17, 2015.

The Myrtaceae family has 145 genera. In Brazil are recorded 23 genera and about 1,013
species. Several plants of this family are used in food stuffs, for example, Psidium
guajava L. fruits, commonly known as guava. In folk medicine Psidium guajava L.
leaves are used for colic, colitis, diarrhea, dysentery, and stomach illness. The objective
of this study was to evaluate the biological effects of essential oil (OEPGP) and hydro
alcoholic extract (HEPG) of Psidium guajava var. pomifera L. To evaluate the OEPGP
bioinseticide effect Drosophila melanogaster were used. The flies exposure to OEPGP
was performed by a fumigation protocol: Adult flies (males and females) were placed in
glass vials containing a filter paper soaked in 1% sucrose. Then, a filter paper was set on
the inner side of the cover containing the OEPGP (0, 3, 7.5, 15, 23.5 and 30 pg/ml). The
flies mortality was assessed 6, 12, 24 and 48 h. In turn, to assess antioxidant and
chelating action against inorganic mercury, DPPH, TBARS, and 1,5 diphenylcarbazone
assays were carried out using 0, 0.1, 0.2, and 0.4 mM HgCl; and 0, 25, 33, 50, 100 and
200 pg/ml of EHAPGP. Cell growth was assessed using Sacharomices cerevisiae,
which were exposed to concentrations of 100, 125 and 150 mM of HgCl, and 0, 0.25,
0.5, 1, 1.25, 2.5, and 5 pg/ml of HEPG. Our results showed that OEPGP has a
bioinseticide action when flies were exposed to concentrations of 23.5 and 30 pg/ml.
Locomotor activity was impaired at concentrations of 15, 23.5, and 30 pg/ml during the
first 6 hours of treatment. The OEPGP caused an increase in TBARS levels and in
antioxidant enzymes activities. In turn, the HEPG has high concentrations of phenols
and flavonoids and showed antioxidant activity, as demonstrated in the DPPH and
TBARS assays. The chelating action of HEPG was proven by the test of 1.5
difenilcarbazone and the dosages of Hg levels by ICP-AES. The HEPG partially
prevented the cell death caused by HQCl.. Our study indicated that HEPG has
antioxidant and HgCl, protection purposes, while the essential oil presents a
bioinseticide action to trigger a pro-oxidant action.

Keywords: Psidium guajava, essential oil, hydro alcoholic extract, antioxidant
enzymes, chelation, mercury, biopesticide



1.INTRODUCAO

A espécie vegetal Psidium guajava var. pomifera L. corresponde a goiabeira
(Figura 1 e 2), cujo fruto constitui a goiaba vermelha, pertencente a familia das
Myrtaceae, assim como sao também o Eucaliptus e plantas frutiferas dos tropicos como
a pitanga, a grumichama, o jambo e a Feijoa sellowiana. E originaria da América
Tropical, possivelmente entre 0 México e o Peru, onde ainda pode ser encontrada em
estado silvestre. Sua capacidade de dispersdo e rapida adaptacdo a diferentes ambientes
possibilitaram a presenca dessa planta em amplas &reas tropicais e subtropicais do
globo, sendo mesmo considerada uma praga em algumas regides (MENZEL, 1985).

B e
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Figura 1: Goiabeira. Retirado de “http://www.jardimdasideias.com.br/907-goiabeira”, acessado em 23
de novembro de 2015 as 09:41h.

(http://www.jardimdasideias.com.br/public/userfiles/image/2014/ABR/10/10_04%20Goiabeira%20
Cr%C3%83%C2% A9dito%20Culturamix.jpg)

Figura 2: Goiabeira Fruto. Retirado de “ http://www.achetudoeregiao.com.br/arvores/goiabeira.htm”,
acessado em 23 de novembro de 2015 as 09:54h.
(http://www.achetudoeregiao.com.br/arvores/Arvores.gif/goiabeira_fruto.jpg)

O Brasil, com uma éarea estimada em torno de 18.000 ha, é o terceiro maior

produtor mundial de goiaba, destacando-se entre os maiores produtores, como india,



Paquistdo, México, Egito, Venezuela, Africa do Sul, Jamaica, Quénia e Australia.
(ZAMBAO E NETO, 1998) Os estados brasileiros de S&o Paulo e Pernambuco
distinguem-se como 0s mais importantes e respondem, em conjunto, por 46% da area
cultivada de goiaba no pais. Os Estados da Bahia, do Rio Grande do Sul, do Rio de
Janeiro e do Ceara também tem grandes areas produtoras de goiaba. (PECHE, 2012).
A goiaba possui lugar de destaque entre as frutas tropicais, principalmente devido ao
seu valor nutritivo com elevados teores de vitamina C e A, e ao sabor e aroma
caracteristicos, que lhe conferem excelente qualidade organoléptica (RISTERUCCI et
al., 2005). Estas caracteristicas do fruto fazem com que o cultivo da goiabeira ganhe
cada vez mais espaco. E comum doces, geleias, compotas, sucos a partir dos frutos da
goiabeira (SAO JOSE et al., 2003).

As plantas do género Psidium sdo utilizadas pela populacdo como agentes anti-
infecciosos e muitas sdo utilizadas na forma de chés, destacando-se dentre estas a
goiabeira de polpa vermelha (Psidium guajava var. pomifera L). O relato de sucesso
terapéutico deste procedimento sugere uma acdo antimicrobiana no mecanismo de acdo
destes chas (GUTIERREZ et al. 2008). Gongcalves et al. (2005) e Lima et. al. (2008)
mencionaram em seus estudos no controle de lagarta-do-cartucho do milho (Spodoptera
frugiperda) que o Oleo essencial das folhas de Psidium guajava var. pomifera L.
apresentou uma acdo bioinseticida, sugerindo também que a goiabeira poderia ser
potencialmente importante no controle de pragas na agricultura. Escrig et al. (2001)
relatam que o principal constituinte do extrato metanolico das folhas da goiabeira é a
quercetina, sendo um flavonoide reconhecido por suas propriedades antioxidantes.
Dessa forma, temos nas folhas de Psidium guajava var pomifera L um potencial

bioinseticida (6leo essencial) e antioxidante (extrato) a ser estudado.

1.1 CONTROLE DE PRAGAS NA AGRICULTURA

Inseticidas sdo substancias quimicas utilizadas para matar, atrair e repelir insetos,
sendo sua descoberta, isolamento, sintese, avaliagdo toxicolégica e de impacto
ambiental um vasto topico de pesquisas no mundo inteiro e que tem se desenvolvido
bastante nas Gltimas décadas. A toxicidade de uma substancia quimica em insetos ndo a

qualifica necessariamente como um inseticida. Diversas propriedades devem estar



associadas a atividade, tais como eficdcia mesmo em baixas concentracfes, auséncia de
toxicidade frente a mamiferos e animais superiores, auséncia de fitotoxicidade, facil
obtencdo, manipulacdo e aplicacdo, viabilidade econdmica e ndo ser cumulativa no
tecido adiposo humano e de animais domésticos (MARICONI, 1963; JUNIOR, 2003).

Na India, por volta de 2.000 A.C., ja fazia-se o uso de inseticidas botanicos
(provenientes de plantas) para o controle de pragas. No Egito, durante a época dos
Farads, e na China, por volta do ano de 1.200 A.C., inseticidas derivados de plantas ja
eram usados para controle de pragas de graos armazenados. Os mesmos eram aplicados
diretamente nos gréos ou por fumigacao destes. J& no século 16 os europeus faziam uso
de diversas plantas para efetuarem o controle de pragas. Entretanto, apds a Il Guerra
Mundial, com o advento dos inseticidas organosintéticos, o uso de inseticidas botanicos
foi reduzido (FLINT E BOSCH, 1981; CASIDA E QUISTAD, 1998; THACKER,
2002). Esses inseticidas apresentam a vantagem de um controle mais rapido gerando

uma maior produtividade.

No Brasil, observamos cada vez mais a expansdo das areas agricultaveis e, com
isso aumentou também consideravelmente o nimero de pragas, deixando os agricultores
muitas vezes na dependéncia de controle quimico. Isso pode trazer diversas
consequéncias a0 meio ambiente e a saude humana, e nem sempre proporcionando
resultados de controle satisfatorios (LEITE et al., 2006). Com o0 aumento dos danos e o
surgimento de populacGes de insetos-praga resistentes a diversos defensivos agricolas,
os produtores voltaram-se para os métodos alternativos de controle que, se utilizados
corretamente, podem manter a populacdo da praga em niveis satisfatorios, ou seja, em
niveis abaixo daqueles que causariam danos econdémicos (FERNANDES E
CARNEIRO, 2006). Dentre estes métodos destacam-se 0s bioinseticidas extraidos de

plantas.

As plantas, como organismos que coevoluem com insetos e outros
microorganismos, sdo fontes naturais de substancias inseticidas e antimicrobianas, ja
que as mesmas sdo produzidas pelo vegetal em resposta a um ataque patogénico.
Inimeras substancias acumulam-se no vegetal para sua defesa contra microorganismos
(SIMAS et al., 2004). Os derivados de plantas, extratos e Oleos, sdo amplamente
conhecidos pela sua diversidade quimica e pela sua variada aplicacdo na industria. As
plantas possuem uma rica fonte de bioativos quimicos que podem ajudar no controle de

pragas. O conhecimento popular sobre o uso e a eficacia das plantas contribui de forma



relevante para a divulgacdo de suas propriedades, despertando o interesse de
pesquisadores de diferentes areas do conhecimento (MACIEL, 2002).

Os inseticidas naturais, dentre os quais pode ser destacado o uso de produtos
alternativos, como poOs e extratos botanicos, e Oleos essenciais de origem vegetal
(ARRUDA e BATISTA, 1998), podem ser utilizados tanto no manejo integrado de
pragas em cultivos comerciais, como também, na agricultura organica. Esses 0Oleos
devem ser utilizados como um método de controle eficaz, para reducdo dos custos,
preservacdo do ambiente e dos alimentos da contaminagdo quimica, tornando-se pratica
adequada & agricultura sustentavel (KEITA et al., 2001; ROEL, 2001). O uso de 6leos e
extratos vegetais ou de metabdlitos secundarios de plantas é uma ferramenta a mais a
ser incorporada nos sistemas alternativos de producdo de alimentos e nos sistemas
convencionais como forma de aumentar a sustentabilidade e seguranca dos mesmos
(SILVA et al., 2010).

Os oleos essenciais (OE) sdo descritos como produtos com grande potencial
terapéutico e farmacoldgico (EDRIS, 2007). Sdo compostos naturais, volateis e
complexos. As propriedades farmacoldgicas atribuidas aos OE sdo diversas e algumas
séo preconizadas por apresentarem vantagens importantes, quando comparadas a outros
medicamentos, como por exemplo, a sua volatilidade, que os torna ideal para uso em
nebulizagbes, banhos de imersdo ou simplesmente em inalacbes (BANDONI e
CZEPAK, 2008). Sdo de facil aquisicdo, baixo custo e ainda favorece o pequeno
agricultor (SILVA et al. 2007).

Os 6leos essenciais apresentam diferentes propriedades bioldgicas, como a
acao larvicida, (RAJKUMAR et al., 2010), atividade antioxidante (WANNES et al.,
2010), acdo analgésica e anti-inflamatéria (MENDES et al., 2010), fungicida (CARMO
et al., 2008) e atividade antitumoral (SILVA, 2008).

A capacidade citotdxica baseada em sua capacidade prd-oxidante podem
fazer dos OE excelentes inseticidas para preservacdo de gréos e estoques de alimentos
(SILVA, 2008). Os organismos dispde de mecanismos de protecdo contra a acdo pro-
oxidante desses agentes. Ela se d& através de mecanismos de defesa antioxidante
enzimatica e ndo enzimatica. A avaliacdo das defesas antioxidantes representam uma
ferramenta importante para identificar a acdo de agentes pro-oxidantes, dentre estas, 0s

Oleos essenciais de plantas.



1.2 ESTRESSE OXIDATIVO E DEFESAS ANTIOXIDANTES.

Compostos pré-oxidantes tém a capacidade de gerar um desequilibrio entre os
agentes oxidantes e 0s mecanismos de reparo. Alteracdes nas defesas antioxidantes séo
marcadores de toxicidade induzida por pesticidas, seja naturais ou sintéticos, metais

pesados como 0 Hg, e outros agentes que gerem radicais livres.

Um radical livre é qualquer espécie que contenha um ou mais elétrons
desemparelhados (HALIWELL, 1987). Os radicais livres derivados de oxigénio séo
genericamente conhecidos como espécies reativas de oxigénio (ROS) e representam a
classe mais importante de radicais livres geradas pelo organismo (MILLER et al.,
1990).

Vérias vias de producdo de ROS sdo descritas e apresentadas na Figura 3
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Figura 3: Produgdo de Radicais Livres. Retirado de “ http://varievo.com/informacoes/cinco-
excelentes-fontes-alimentares-com-antioxidantes”, acessado em 23 de novembro de 2015 as 10:17h.
(http://varievo.com/wp-content/uploads/Antioxidantes.jpg)

Em concentracdes baixas ou moderadas, as ROS sdo benéficas para a célula,
estando envolvidas em varios processos fisioldgicos de sinalizacdo e de regulacdo
(FRIDOVICH, 1999). No entanto, ha situacbes em que o equilibrio entre a producéo de
ROS e as defesas antioxidantes pode ser destruido devido a uma producéo excessiva de
ROS, ou porque existe uma deficiéncia nas defesas antioxidantes da célula
(MACHLIM, 1987). A este desequilibrio chamamos estresse oxidativo (Figura 4) e

nestas situacbes as ROS em excesso podem oxidar e danificar lipideos, proteinas e



DNA, causando perdas de suas fungdes (VALKO, et al., 2007, FU et al., 1998;
RIDNOUR, 2005).
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Figura 4: Estresse Oxidativo. R‘e:tifado de “http://vidanutritiva.net/wp/estresse—oxidétivo;e—
desenvolvimento-de-doencas/”, acessado em 23 de novembro de 2015 as 10:24h.
(http://vidanutritiva.net/wp/wp-content/uploads/2013/10/EO-2-compressed.jpg)

Uma vez produzidos, a maior parte dos radicais livres sdo neutralizados
pelas defesas antioxidantes da célula, que incluem enzimas e moléculas néo
enzimaticas. A manutencdo do equilibrio entre a producédo de radicais livres e as defesas
antioxidantes é uma condi¢do essencial para o funcionamento normal do organismo
(VALKO et al., 2007).

As defesas antioxidantes enzimaticas sdo em grande ndmero e encontram-se
distribuidas por todo o organismo, tanto no meio intracelular como no meio
extracelular. A superéxido dismutase (SOD), a catalase (CAT), a glutationa peroxidase
(GSH-Px), a glutationa redutase (GPHR), sdo importantes enzimas com acao

antioxidante nos sistemas biologicos (VALKO et al., 2007).

A SOD converte o anion superéxido em peroxido de hidrogénio que é em
seguida transformado em &agua pela CAT nos lisossomos, ou pela GSH-Px. Outra
enzima importante é a GSH-R que regenera a GSH que é depletada pela GSH-Px como
dadora de hidrogénio necessario para a reducdo do perdxido de hidrogénio em agua
(JOHANSEN, 2005).

A acdo das enzimas antioxidantes pode ser analisada na Figura 5:
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Figura 5: O sistema antioxidante. Retirado de ““ http://biobioradicais.blogspot.com.br/”, acessado em
23 de novembro de 2015 as 10:45h.
(http://3.bp.blogspot.com/_Bx9TIpLoCO0/SRDIU4elq0I/AAAAAAAAAEE/7QJjZ5Cm84U/s320/
figura05.gif)

Entre as defesas antioxidantes ndo enzimaticas destacam-se compostos
como a glutationa (GSH) o a-tocoferol (vitamina E), o acido ascérbico (vitamina C), o
acido lipoico, os carotenoides, os flavondides, entre outros (VALKO et al., 2007).
A GSH € um tripeptideo de baixo peso molecular, composto por glutamato, cisteina e
glicina. E muito abundante, sendo o principal tamp&o redox intracelular. Como defesa
antioxidante desempenha varias fungdes. E um quelante de radicais livres (HOs, H202,
LOO« ¢ ONOO-), quer reagindo diretamente com estes, quer indiretamente como co-
fator de enzimas antioxidantes como a GSH-Px e a GST, entre outras. No processo de
neutralizacdo de radicais livres, a GSH ¢ oxidada com a formagao do radical GSe. Este
radical livre também € reativo mas rapidamente reage com um segundo radical GSe
formando a molécula glutationa dissulfeto (GS-SG), que ndo é oxidante. A GS-SG é
novamente reduzida a duas GSH pela enzima GPHR (PASTORE et al., 2003). Uma das
principais vias para se obter estes antioxidantes sdo encontrados, principalmente, nos

extratos vegetais.

1.3 EXTRATOS VEGETAIS E ACAO ANTIOXIDANTE

Os antioxidantes podem ser definidos como substancias que em pequenas
concentragdes, em comparacdo ao substrato oxidavel, retardam ou previnem
significativamente o inicio ou a propagacao da cadeia de reacdes de oxidagdo. Estes
compostos inibem ndo s6 a peroxidacdo dos lipideos, mas também, a oxidacdo de outras
moléculas, como proteinas, DNA, entre outras (HALLIWELL et al., 1995).



Compostos quimicos que possuem atividade antioxidante geralmente sdo
aromaticos e contém pelo menos uma hidroxila, podendo ser sintéticos como o butil
hidroxianisol (BHA) e o butilhidroxitolueno (BHT), largamente utilizados pela industria
de alimentos. Os antioxidantes naturais, denominados substancias bioativas, incluem
organosulfurados, os fendlicos (tocoferois, flavondides e acidos fendlicos), os terpenos,
carotenoides e o acido ascérbico que fazem parte da constituicdo de diversos alimentos
(VELIOGLU, 1998).

Estudos toxicoldgicos tém demonstrado a possibilidade dos antioxidantes
sintéticos causarem efeito carcinogénico em experimentos com  animais
(BOTTERWECK et al., 2000). Em alguns estudos, o BHA mostrou induzir hiperplasia
gastrointestinal em roedores por um mecanismo desconhecido. Em humanos, a
relevancia dessa observacdo ndo estd clara (CRUCES-BLANCO et al., 1999). A
reducdo dos niveis de hemoglobina e a hiperplasia de células basais foram atribuidas ao
uso de BHT (MADHAVI et al., 1995).

Por estes motivos, 0 uso destes antioxidantes em alimentos é limitado. BHT
ndo é permitido no Canada e na Comunidade Econdmica Européia (REISHE et al.,
1997). No Brasil, 0 uso destes antioxidantes é controlado pelo Ministério da Saude que
limita 200 mg/kg para BHA e 100 mg/g para BHT como concentracBes maximas
permitidas (ANVISA, 2015).

Em virtude desses indicios de problemas que podem ser provocados pelo
consumo de antioxidantes sintéticos, pesquisas tém sido dirigidas no sentido de
encontrar produtos naturais com atividade antioxidante, os quais permitirdo substituir os
sintéticos ou fazer associagdes entre eles, com intuito de diminuir sua quantidade nos
alimentos (SOARES, 2002). Entre os antioxidantes naturais mais utilizados podem ser

citados os tocoferois e os acidos fendlicos.

As plantas sintetizam compostos antioxidantes, principalmente fendlicos,
como um mecanismo de defesa contra danos oxidativos causados por espécies reativas
de oxigénio. A atividade antioxidante destes compostos fendlicos esta relacionada a
varios mecanismos, como a captura ou neutralizagdo de radicais livres, a doacdo de
hidrogénio, a inativacdo do oxigénio singlete, a quelacdo de ions metalicos, além de
atuarem como substrato para radicais superoxido e hidroxil (RICE-EVANS et al., 1995;
PIETTA, 2000; NICIFOROVIC et al., 2010). Desta forma, atuam tanto na etapa de



iniciacdo como na propagacao do processo oxidativo (SOUZA et al., 2007). Assim, 0s
extratos da planta, que podem ser a partir de raizes, caules, folhas, frutos ou sementes,

sdo importantes fontes destes compostos.

Segundo Iha et al. (2008) o extrato etandlico das folhas de Psidium guajava
apresenta flavonoides e taninos. Este dado corrobora com o estudo de Silva et al. (2013)
que detectaram no extrato hidroetandlico das folhas de P. guajava flavonoides e taninos
como também saponinas, alcaloides e cumarinas. Segundo Silva et al. (1998) os

compostos fenolicos podem quelar metais.

1.4 MERCURIO: CONTAMINACAO E TOXICIDADE

O Mercurio (Hg) é um metal naturalmente encontrado na crosta terrestre,
presente no ar, no solo e na agua. Este metal assume diversas formas quimicas, que
podem ser divididas nas seguintes categorias: mercurio metalico ou elementar (Hg),
mercurio inorganico, principalmente na forma de sais mercuricos (HgClz, HgS) e
mercurosos (Hg2Clz), e mercurio orgénico, ligado a radicais de carbono, por exemplo

metilmercdrio e etilmercurio (MMA, 2015).

Os primeiros relatos de uso do Hg pela populacdo humana foram creditados
aos chineses, os quais utilizavam o cinnabar (HgS) como pigmento para fabricacdo de
tinta vermelha (PARK E ZHENG, 2012). Os alquimistas utilizavam o mercdrio na
forma liquida, fazendo améalgamas com o ouro (principio da mineracdo), e apos a
evaporacao do mercurio diziam ter produzido ouro. Com o decorrer do desenvolvimento
de novas tecnologias, 0 Hg passou a ser utilizado na fabricacdo destes produtos, sendo
este, parte integrante ou participante no processo de producdo (CLARKSON et al.,
2007).

O mercurio, sob condi¢Ges normais, é encontrado em baixas concentracdes no
ambiente, sendo naturalmente liberado devido a processos erosivos e erupcoes
vulcanicas. A contaminacdo ambiental por mercurio €, portanto, resultado de acfes
antrépicas (resultado da acdo humana) que envolvem este elemento. As principais

fontes antropogénicas de mercurio sdo (ECYCLE, 2015):

e Queima de carvao, petroleo e madeira: o processo emite, na atmosfera, o

mercUrio contido nesses materiais;



e Fabricagédo de produtos que utilizam o mercirio como matéria-prima, como

termdmetros e lampadas fluorescentes;

e Descarte inadequado do mercdrio ap0s sua utilizacdo em processos industriais,

como producéo de cloro-soda;
e Descarte incorreto de produtos eletroeletrénicos contendo mercurio;

e Mineracdo do ouro, na qual o mercurio é usado para facilitar o processo de

separacao de particulas.

Uma vez na forma orgénica de metilmercdrio, o mercurio entra na cadeia
alimentar através da rapida difusdo e forte ligacdo com as proteinas da biota aquética,
atingindo sua concentracdo maxima em tecidos de peixes do topo da cadeia (HORVAT,
1996). Dessa forma, ao se alimentar de organismos aquaticos, 0 homem incorpora o
merclirio ao seu metabolismo, gerando diversas acfes danosas a sua atividade
metabolica (BARKAY et al., 2003; DOREA et al., 2003).

No organismo humano o sistema nervoso central é o alvo principal do
metilmercdrio, onde afeta, principalmente, areas especificas do cérebro, como cerebelo
e lobos temporais. A intoxicacdo por metilmercurio se caracteriza por ataxia (perda da
coordenacdo dos movimentos voluntérios), disartria (problemas nas articulagcdes das
palavras), parestesia (perda da sensibilidade nas extremidades das maos e pés e em
torno da boca), visdo de tanel (constricdo do campo visual) e perda da audicdo. Os
primeiros sintomas aparecem alguns dias ap6s a exposicdao. Uma contaminacgdo severa
pode causar cegueira, coma e morte. O periodo médio de laténcia varia, freqlientemente,
de 16 a 38 dias (BAHIA, 1997: BAKIR et al., 1973).

Entre as décadas de 50 e 70, no Japdo, ocorreu 0 mais famoso caso de
contaminag¢do com mercurio organico. A contaminacdo ocorreu na Baia de Minamata.
Em virtude disto, os sintomas apresentados pela populacdo ficaram conhecidos como
doenca de Minamata. Uma fabrica de acetaldeido da regido despejava seus residuos na
baia; estes continham mercurio inorganico, o qual acabou sendo incorporado na cadeia
alimentar, na forma de metilmercurio (MeHg) (CLARKSON, 2002; EKINO et al.,
2007). Os habitantes da regido, os quais se alimentavam basicamente de peixe, foram
expostos a0 MeHg por um longo periodo. Apos um periodo de laténcia, a populacdo da
regido comecou a apresentar elevada irritabilidade, cansaco, viséo turva, diminuigéo da

audicdo, distarbios olfativos e gustativos e tremores. Entretanto, os danos mais graves


http://www.ecycle.com.br/component/content/article/44-guia-da-reciclagem/591-fluorescentes-dos-beneficios-aos-perigos.html

foram observados em criangas expostas ao metal no Utero e, ap6s 0 nascimento, através
do leite materno. As mesmas apresentaram danos irreversiveis no desenvolvimento
motor e mental (EKINO et al., 2007; TSUDA et al., 2009).

Apesar dos distdrbios neuroldgicos estarem mais relacionados a contaminacao
por mercurio organico (principalmente metilmercdrio), alguns estudos tém demonstrado
uma relacdo do mercurio inorgénico (como por exemplo, o cloreto de mercurio), com
sintomas neuroldgicos, como a insénia. A insdnia é reconhecida entre um dos sintomas
de contaminacédo cronica do mercdrio ha varios anos e desde os primeiros estudos ela
vem sendo relacionada a irritabilidade, dificuldade na concentracdo, perda de memoria,
apatia e baixa estima acentuada. Acredita-se que estas alteragcbes no ciclo de sono
possam ser explicadas por um severo prejuizo neuropatologico, incluindo maultiplos
circuitos neurais, associados com a absorcao e a acdo do mercurio pelo sistema nervoso
central (ROSSINI et al., 2000).

Além desses problemas, a exposi¢do ao mercdrio pode também desencadear
disfungdes imunolégicas (SILBERGELD et al., 1998), efeitos teratdgenos, pois o
mercurio tanto pode passar a barreira placentaria como também pode ser transferido via
leite materno (SCHUURS, 1999), problemas hormonais do eixo hipotalamico-
hipofisério, gerando inclusive esterilidade nos organismos (SIKORSKI et al., 1987).

Portanto, estudos com OE e extratos de folhas de goiabeiras mostram-se de
grande relevancia pois, por ser essa uma planta de ampla disseminacdo, seria de facil
acesso a populacdo. O OE mostra-se com um grande potencial no controle de pragas na
agricultura, podendo se constituir em uma alternativa para os inseticidas sintéticos. No
caso especifico do extratos de folhas de goiaba, estudo demostram seu uso na medicina
popular, indicando seu baixo nivel de toxicidade. Além disso, ele se revela com um
potencial antioxidante e com capacidade de quelar metais. Dessa forma, estudos que
identifiguem a acdo de extratos e 6leos esséncias de plantas sdo cada vez mais
necessarios visto que precisamos explorar os potenciais usos das plantas que fazem

parte da flora de cada regido.



2. OBJETIVOS

Este trabalho teve como objetivo geral avaliar os efeitos biologicos do 6leo
essencial (OEPGP) e do extrato hidro alcoolico (HEPG) das folhas de Psidium guajava

var. pomifera L
Os objetivos especificos foram:

v Analisar o efeito do OEPGP em cultura de Drosophila melanogaster submetidas

a um mecanismo de fumigacéo sobre:
= A taxa de mortalidade e o desempenho locomotor
= Avaliar marcadores de estresse oxidativo

= Ativacdo da via de sinalizacdo relacionadas ao estresse oxidativo.

v Avaliar a acdo antioxidante e quelante contra HgCI2 do HEPG em modelos in

vitro analisando:
= Atividade antioxidante in vitro
= Niveis de peroxidacdo lipidica
= Atividade quelante contra HgCI2

= Atividade protetora do extrato contra a toxicidade induzida por HQCI2 em

modelo de leveduras



3. RESULTADOS

Os nossos resultados que fazem parte desta tese estédo apresentados sob a forma
de artigo cientifico e manuscrito submetido a publicacdo. Os itens Introducéo, Materiais
e Métodos, Resultados, Discussdo e Referéncias Bibliograficas encontram-se nos

respectivos artigo e manuscrito.
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The guava fruit, Psidium guajava var. pomifera (Myrtaceae family), is a native plant from South America. Its leaves and fruits are
widely used in popular medicine in tropical and subtropical countries. Drosophila melanogaster has been used as one of the main
model organisms in genetic studies since the 1900s. The extensive knowledge about this species makes it one of the most suitable
organisms to study many aspects of toxic compound effects. Due to the lack of studies on the effects of the bioactive compounds
present in the P guajava var. pomifera essential oil, we performed a phytochemical characterization by CG-MS and evaluated the
toxicity induced by the essential oil in the D. melanogaster insect model. In order to understand the biochemical mechanisms of
toxicity, changes on the Nrf2 signaling as well as hallmarks of oxidative stress response were followed in the exposed flies. Our
results showed that exposure of insects to the P. guajava oil increased mortality and locomotor deficits in parallel with an oxidative
stress response signaling. Therefore, it suggested a bioinsecticidal activity for P. guajava volatile compounds by means of oxidative
stress. Further studies are ongoing to identify which oil compounds are responsible for such effect.

1. Introduction prone to develop resistance to many of these compounds [3].
Searching new insecticides that offer no or low risks and that
are decomposed to safe compounds after its action is needed
in order to overcome these issues. Plant derived insecticides
can be a suitable alternative, since vegetables species have
evolved molecular mechanisms that protect them against her-
bivorous insects and other animal species [4]. Essential oils
from plant species have been reported as acting on digestive

With the continual increase in the human population world-
wide, one of the most challenging situations is to provide
enough food to the human population. There are two pos-
sibilities to reach such endeavor: (1) increase the agricultural
area or (2) optimize the production of the already cultivated
fields. Insect pests are one of the most important threats for
the cultivated crops causing a serious reduction in the global

production [1].

Synthetic insecticides are widely used to control insect
pests. However, the chemical properties of these products
make them dangerous for both humans and the environment
[2]. Moreover, the plasticity of insect pests makes them

and neurological enzymes as well as with insects tegument
[5, 6]. Some authors suggested that such insecticide effect
is probably due to the secondary metabolites as terpenoids
and phenylpropanoids [7]. An insecticidal activity of some
monoterpenes as a-pinene, S-pinene, 3-carene, limonene,



myrcene, a-terpinene, and camphene had been demonstrated
in literature [8].

Psidium guajava (Myrtaceae family) is a native bush
species from South America known as “goiaba” There are two
more common cultivated varieties of P guajava: P guajava
var. pomifera and P guajava var. pyrifera. The P guajava var.
pomifera produces a fruit highly appreciated in the tropical
and subtropical culinary and also is used in the popular
medicine [9]. Extracts from leaves and fruits of this species
presented several pharmacological properties as antispas-
modic, antimicrobial and anti-inflammatory [10]. Moreover,
these extracts also have been used as hypoglycemic [11].
Despite the available reports on benefits of guava to human
health, little is known about its potential in biotechnological
applications (e.g., fumigant activity) of guava extracts, oils,
and derived compounds.

In the last decade, Drosophila melanogaster became a
model for testing toxicity in vivo. It is due to the fact that this
species has many homologous genes with humans and can
be easily kept at the laboratory allowing many assays to be
performed [12-15]. Therefore, D. melanogaster model can be
widely used for evaluating fumigant activity screenings.

In summary, considering (i) the undesired adverse effects
of synthetic means of pest control to humans and the
environment, (ii) the ability of plant metabolites to induce
toxicity to insects, and (iii) the lack of studies on the biotech-
nological potential of guava fruit derived compounds, the
main goal of this work was to evaluate the biological activity
of the essential oil from Psidium guajava var. pomifera and
investigate the mechanism by which this oil promotes toxicity
using the model organism D. melanogaster. Toxicity was
evaluated as mortality and locomotor deficits. In parallel,
oxidative stress signaling markers were determined in order
to search for potential mechanisms of toxicity induced by the
essential oil in Drosophila.

2. Materials and Methods

2.1 Plant Material. The plant material of Psidium guajava
var. pomifera, was collected in the Horto Botanico de Plantas
Medicinais do Laboratorio de Pesquisa de Produtos Naturais
(LPPN) of Universidade Regional do Cariri (URCA), Ceard,
Brazil. The plant material was identified, and a voucher
specimen was deposited in the Herbarium Dardano Andrade
Lima of URCA, under number 3930.

2.2, Collection of Essential Oil. Leaves of Psidium guajava
var. pomifera L. were collected, chopped into pieces of
approximately 1cm?, and placed in a 5-liter glass flask. The
leaves were extracted with a clevenger apparatus, according
to the method described by de Matos [16], giving a yield of
0.05%.

2.3. GC—MS Analysis. Oil analysis was performed using a
Shimadzu GC MS—QP2010 series (GC/MS system): Rix-
5MS capillary column (30 m % 0.25mm, 0.25 gm film thick-
ness); helium carrier gas at 1.5 mL/min; injector temperature
250°C; detector temperature 290°C; column temperature
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60-180°C at 5'C/min, and then 180-280°C at 10°C/min
(10 min). Scanning speed was (.5 scan/s from m/z 40 to 350;
split ratio (1:200); injected volume: 1 uL of 25 uL essential
0il/5 mL CHCI; (1:200); solvent cut time = 2.5 min. The mass
spectrometer was operated using 70€V ionization energy.
Identification of individual components was based on their
mass spectral fragmentation based on mass spectral library
NIST 08, retention indices, and comparison with published
data.

2.4. Drosophila Stock and Culture. D. melanogaster (Harwich
strain) was obtained from the National Species Stock Center,
Bowling Green, OH. Flies were reared in 2.5 x 6.5cm’
glass bottles containing 10 mL of standard medium (1% w/v
brewer’s yeast; 2% w/v sucrose; 1% w/v powdered milk;
1% wiv agar; 0.08% v/w nepagin) at constant temperature
and humidity (25 £ 1°C; 60% relative humidity, resp.). All
experiments were performed with the same strain.

2.5. Essential Oil Exposure and Flies Survival Assay. The
exposure of flies to the essential oil was performed by a
fumigation protocol as described: adult flies (males and
females) were placed in 330cm’ glass vials, containing a
filter paper soaked with 1% sucrose in distilled water at the
bottom. A counter-lid of polyethylene terephthalate (PET)
was introduced on the screw cap of the vial, to which a filter
paper was fixed at the inner side of the cap for application
of different doses of essential oil. By doing this, the flies feed
and hydrate on sucrose solution at the bottom of the vials
and the essential oil is allowed to volatilize from the top in
order to reach flies’ respiratory system. The vials received
the following treatments: 1% sucrose (control) and 3, 7.5, 15,
23.5,and 30 pug/mL of essential oil. The final concentration of
the essential oil was estimated by approximation, taking into
account the volume (in microliters) of the oil applied to a glass
vial with a final volume equivalent to 330 mL. Readings of
flies” survivorship were taken at 6, 12, 24, and 48 h. Results are
presented as percentage (%) of live flies (mean + SD) obtained
from three independent experiments.

2.6. Locomotor Assay. The locomotor capacity was evaluated
by following the negative geotaxis behavior as described by
Coulom and Birman [17] with some modifications. Twenty
adult flies (1-4-day old; both genders) were subjected to
essential oil exposure as detailed above. After treatments were
finished, flies were immobilized on ice for 1-2 minutes and
placed separately in vertical glass columns (length, 25cm;
diameter, 1.5cm). After 30 min recovery, flies were gently
tapped to the bottom of the column and the number of flies
that reached 6 cm of the column (top) and flies that remained
below this mark (bottom) were registered. The assays were
repeated three times for each fly. Results are presented as
number of flies on top (mean + SD) obtained from three
independent experiments.

2.7 Oxidative Stress Markers. Oxidative stress was deter-
mined by measuring lipid peroxidation, reactive oxygen
species formation (ROS), nonprotein thiols (NPSH), and
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protein thiols (PSH). Byproducts of lipid peroxidation were
quantified by the thiobarbituric acid reactive substances
method (TBARS) following Ohkawa et al. [18] with few
modifications. Briefly, 20 flies from each treatment were
homogenized in 1mL of phosphate buffer 0.IM pH 70
and centrifuged at 1000 g during 5 min at 4'C. Immediately
after centrifugation, the supernatant was incubated in acetic
acid 0.45 M/HCI buffer pH 3.4, containing thiobarbituric
acid 0.28%, SDS 1.2%, at 95'C during 60min for color
development, and then absorbance was measured at 532 nm.
Malondialdehyde (0-3nmol) was used as standard. The
2,7-dichlorofluorescein diacetate (DCFDA) oxidation was
used as a general index of ROS formation following Pérez-
Severiano et al. [19]. The fluorescence emission of DCF result-
ing from DCFDA oxidation was monitored at an excitation
wave length of 485 nm and an emission wavelength of 530 nm
in a multimode plate reader (EnsPire PerkinElmer, USA).
Protein and nonprotein thiols were determined according
to the method described by Ellman et al. [20] and adapted
to our lab conditions. In summary, after treatments were
finished, flies were homogenized in 0.5 M perchloric acid and
centrifuged at 5000 g for 5 min at 4°C. The NPSH content was
determined in the supernatant while the pellet was used for
PSH measurement. Total protein was quantified according to
Bradford [21].

2.8. Enzymatic Assays. For antioxidant enzymes activity,
groups of 20 flies were homogenized in 1 mL 0.1 M phosphate
buffer, pH 7.0, and centrifuged at 20.000 g for 30 min. The
resulted supernatant was used for determination of glu-
tathione S-transferase (GST), catalase (CAT), and superoxide
dismutase (SOD) according to methods described earlier
[22]. Glutathione S-transferase (GST; EC 2.5.1.18) activity was
assayed following the procedure of Habig and Jakoby [23]
using I-chloro-2,4-dinitrobenzene (CDNB) as substrate. The
assay is based on the formation of the conjugated complex of
CDNB and GSH at 340 nm. The reaction was conducted in
a mix consisting of 100 mM phosphate buffer pH 7.0, 1 mM
EDTA, 1mM GSH, and 2.5 mM CDNB. Catalase (CAT; EC
LILL6) activity was assayed following the clearance of H,0O,
at 240 nm in reaction media containing 50 mM phosphate
buffer pH 70, 0.5 mM EDTA, 10mM H,0;, and 0.012%
TRITON X100 according to the procedure of Aebi [24].
Superoxide dismutase (SOD, EC L15.L1) activity was assayed
following the procedure of Kostyuk and Potapovich [25].
The assay consists in the inhibition of superoxide-driven
oxidation of quercetin by S0D at 406 nm. The complete
reaction system consisted of 25 mM phosphate buffer, pH 10,
0.25mM EDTA, 0.8 mM TEMED, and 0.05mM quercetin.
All enzyme activities were performed at room temperature
(25 + 1'C) using a Thermo Scientific Evolution 60s UV-vis
spectrophotometer. Total protein was quantified according to
Bradford [21].

2.9. Western Blot Analysis of Nrf2/NQO-I/HSP70 Signaling
Pathway. Protein expression was determined by Western
blotting according to Posser [26] with minor modifications.
Thirty flies were homogenized at 4°C in 300 L of buffer (pH

7.0) containing 50 mM Tris, lmM EDTA, 0.1mM phenyl-
methylsulfonyl fluoride, 20mM Na;VO,, 100 mM sodium
fluoride and phosphatase inhibitor cocktail (Sigma, MO).
The homogenates were centrifuged at 1000g for 10 min
at 4°C and the supernatants (S1) collected. After protein
determination (following Bradford [21]) using bovine serum
albumin as standard, 3-mercaptoethanol and glycerol were
added to samples to a final concentration of 8 and 25%,
respectively, and the samples were frozen until further anal-
ysis. Proteins were separated using SD5-PAGE with 10% gels
and then electrotransferred to nitrocellulose membranes as
previously described by Posser [26]. Membranes were washed
in Tris-buffered saline with Tween (TBST; 100 mM Tris-
HCI, 0.9% NaCl, and 0.1% Tween-20, pH 75) and incubated
overnight (4'C) with different primary antibodies (Santa
Cruz Biotechnology, TX), all produced in rabbit (anti-Nrf2,
anti-NQO-1, anti-HSP70 anti-f-actin; 1:1000 dilution in
TBST). Following incubation, membranes were washed in
TBST and incubated for 1h at 25°C with HRP-linked anti-
rabbit-IgG secondary specific antibodies (Sigma, MO). The
immunoblots were visualized in the Image Station 4000MM
PRO using ECL reagent (Santa Cruz Biotechnology, TX).
Immunoreactive bands were quantified using the Scion
Image software and expressed as a fold change of the mean
relative to control group (treated only with sucrose).

2.10. Statistical Analysis. Statistical analysis was performed
using one-way ANOVA followed by Dunnett’s post hoc test
when necessary. Differences were considered statistically
significant when P < 0.05. LC50 values were determined by
the Trimmed Spearman-KArber method (v L5).

3. Results

3.I. Chemical Composition. The five most abundant com-
pounds in the B guajava essential oil are epiglobulol (19.20%),
1.8-cineole (13.31%), isoaromadendrene oxide (11.13%), cary-
ophyllene alcohol (10.21%), and (E}-caryophyllene (9.51%), as
demonstrated by the GC-MS analysis (Table 1).

3.2, Toxicity in D. melanogaster. The exposure of fruit flies
to P guajava essential oil by fumigation caused a significant
increase in mortality. Such an effect was dependent on
time and oil concentration. The calculated LC.; at 48h
was 13.8 ug/mL (Figure 1). The concentrations of 23.5 and
30 pg/mL had the most evident biocide effect, a result that
could be compared with a food deprivation treatment (water
only; data not shown). The highest concentrations tested
killed almost the totality of flies at 48 h, showing a potent
insecticide action for the essential oil. In Figure 2 the results
from the locomotor activity tests are depicted. In agreement
with the mortality results, a significant decrease in locomotor
activity of D. melanogaster in the first 6 hs of treatment at
15, 23.5, and 30 pg/mL can be observed. Moreover, at 48 h
of exposure, the highest concentrations tested caused almost
completely loss of motor ability in flies (Figure 2).



TanLre 1: Chemical composition (%) of the P guajava var. pomifera
essential oil.

Compound RT (min) K (%)
Benzaldehyde 3.93 952 0.99
1,8-Cineole 5.03 1009 13.31
Linalool 6.21 m7 0.39
ce-Terpineol 8.37 1178 2.21
(E)-Caryophyllene 14.14 1411 9.51
(Z)-Caryophyllene 15.00 1419 1.49
Eudesmen-4-ol 15.83 1448 6.65
n-Guaiene 16.04 1461 5.06
Nerolidol 1754 1556 3.49
Caryophyllene alcohol 17.95 1570 0.54
Caryophyllene oxide 1828 1580 10.21
Selina-6-en-4-ol 18.95 1588 3.05
Alloaromadendrene oxide 19.43 1646 4.05
Isparomadendrene oxide 1952 1648 1113
Cadinol 19.60 1669 2.49
Epiglobulol 19.95 1688 19.20
Total 93.77

3.3. Oxidative Stress Markers and Antioxidant Response. In
order to clarify potential mechanisms by which D. melano-
gaster is affected by the P guajava essential oil, flies were
exposed to 15ug/mL of oil during 3, 6, and 12h. Then,
oxidative stress markers and the activity of antioxidant
enzymes were determined (Table 2). This concentration is
below the LC:, 48h for D. melanogaster. It was possible
to observe a significant increase in ROS formation at 3h
exposure to the essential oil, a result that was maintained
after 6 and 12h as well. Our results showed an increased
level of TBARS after 12h of exposure indicating that lipid
peroxidation took place. The levels of protein thiols (PSH)
were not changed, but nonprotein thiols (NPSH) significantly
increased after 3h of exposure, returning to basal levels at
6 and 12 h. We also evaluated the activity of three enzymes
involved in the antioxidant metabolic route: GST, S0OD, and
CAT, as well as the expression of protein targets involved
in stress response and antioxidant signaling (Nrf2, NQO-1
and HSP70). A significant increase in the activity of GST
and CAT was observed when compared to control at 6
and 12h (Table 2). However, the activity of SOD was not
significantly different from the control at the time periods
analyzed. As demonstrated in Figure 3, flies exposed to the
essential oil presented a significant increase in the expression
of NQO-I at 3h of exposure, indicating an early activation
of the Nrf2-ARE signaling pathway. The protein levels of
Nrf2 and HSP70 were not changed at the analyzed time
points.

4. Discussion

Chemical pesticides used for insect control may be dangerous
to humans and wild life. In addition, these compounds may
induce insect resistance and other adverse effects, which have
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Ficurk 1: Effect of the P guajava var. pomifera essential oil in the
survivorship of D. melanogaster. Flies were exposed according to
described in Section 2. Results are expressed as mean + SD of the
percentage (%) of live flies after each exposure time. *p < 0.05
compared to control.

motivated the search for alternative forms of control [3]. In
the present study we demonstrate the toxicity induced by
the Psidium guajava var. pomifera essential oil in Drosophila
melanogaster. The exposure of flies by the fumigation method
induced substantial decreases in survivorship as well as loco-
motor activity. As a mechanism for the observed toxicity, the
results suggest the establishment of a prooxidant condition
after flies were in contact with oil derived volatile com-
pounds. Such an effect is confirmed by increased production
of reactive species and accumulation of lipid peroxidation
byproducts. In addition, a clear adaptive response to oxidative
stress was apparent in the oil exposed flies, since it was
possible to observe an activation of antioxidant signaling
pathways and increased activity of key cellular antioxidant
enzymes.

Plant derived compounds are reported to induce toxicity
to a wide range of insects and may interfere directly with
all developmental stages of fruit fly, Drosophila melanogaster,
and cockroaches [27, 28]. Compounds such as terpenes,
flavonoids, alkaloids, steroids, and sapenins are important
phytochemicals when considering the insecticide activity of
plant extracts [29]. In addition to acute toxicity and mortality,
terpenoids and flavonoids have been also studied for their
insect repellent activity [29, 30]. There are a variety of chem-
ical compounds present in the P guajava essential oil as a-
terpineol, a-humulene, B-caryophyllene and S-guaiene, 1,8-
cineole, caryophyllene oxide, 3-bisabolene, aromadendrene,
p-selinene, a-pinene, among others [31-34]. Leal et al. [35]
showed the insecticidal activity of the 1,8-cineole compound
obtained from the S. aromaticum, H. martiusii, and Lippia
sidoides essential oils. Some authors suggested that most of
the monoterpenes are nontoxic for mammals and can be
considered an alternative to synthetic insecticides [36, 37].
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TaBLE 2: Oxidative stress markers and activity of enzymes involved in the antioxidant metabolic routes in D. melanogaster exposed to the P

guajava var. pomifera essential oil.

TBARS ROS PSH NPSH GST SOD CAT
Control 3h L2+02 100 £ 12.8 5708 L8+02 109.6 £ 6.7 60.4+39 427 £72
il 3h L4+02 127 £ 6.9° 59=x11 27+02° 122.5 £10.7 69.3 £ 11.8 456 £ 6.1
Control 6 h L4+01 100 + 8.9 62+09 1.9+ 0.1 6.7 £12.4 565+ 5.6 413+ 2.8
Oil6h L5+0.1 1447 +£10.2° 6.7 £ 0.8 21+01 155.4 £ 14,57 58.2+12.6 66.8 +12.9°
Control 12h L3+01 100 £ 75 56+03 21x01 1HB.1£77 584+59 48.8+3.2
il 12h 1.9+0.3 167 + 11.3” 5704 23x01 179.7 + 23.87 772 x154 58.3+ 76"
TBARS: nmol mg" protein_l.
ROS: percentage of control (%).
PSH and NPSH: ;‘:n'l-::lmg'l prc-l.ein_].
Enzyme activity: mU mg'l protcin'l.
*P < 0.05 compared to control.
25 4
E*ZD E
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_g = *
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"Z 54 I* . * . £ L ¥
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Frcune 2: Effect of P guajava var. pomifera essential oil in the locomotor activity (negative geotaxis behavior) of D. melanogasiter. After
treatments were finished, flies were submitted to negative geotaxis behavior test as described in Section 2. ¥-axis represents the number of
flies able to climb at least 6 cm of a glass column after 5 seconds (number of flies on top). The less the number of flies able to reach the 6 cm
mark, the more affected the locomotor ability. Results are expressed as mean + SD. " P < 0.05 compared to control at each exposure time.
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Figure 3: Analysis of the Nrf2/NQO-1/HSP70 signaling pathway in D. melanogaster exposed to P guajava var. pomifera essential oil. After
treatments were finished, samples were collected at each time point indicated and processed for western blot evaluation of each protein target.
(a) Representative immunaoblots for protein targets at 3h of exposure to the essential oil. (b) Representative immunoblots for protein targets
at 6 hand 12 h of exposure to the essential oil. (c) Optical densitometry of immunoreactive bands of NQO-1. Results are expressed as arbitrary
units (mean + SD). * P < 0.05 compared to control.



We observed, in this study, that the P guajava oil presented
mono and sesquiterpenoid compounds, with the 1,8-cineole
being the second most abundant (Table 1). Although we did
not perform essays to evaluate the insecticide activity of each
compound, the presence and abundance of the 1,8-cineole
suggest that it may be one of the compounds responsible for
such effect. Studies are ongoing in order to clarify the role of
the different compounds presented in the essential oil tested
here.

According to Ennan et al. [7] some compounds from
essential oils as terpenoids and phenylpropanoids can alter
the insect neurotransmitters system, including the dopamin-
ergic and cholinergic apparatus [38, 39]. We observed a
significant change in the negative geotaxis behavior of flies
treated with P guajava oil, which reflects in a locomotor
deficit. Although we were not able to directly evaluate
changes in the dopaminergic and cholinergic systems in our
experimental design, some of the effects observed may be
linked to a potential interaction between oil components and
flies neurotransmitters pathway. In this context, it has been
shown that many terpenes are known as inhibitors of the
acetylcholinesterase (AchE) [39]. As reported by the same
authors the a-terpinene found in Salvia leriifolia showed
an AChE inhibitor effect. In general, it suggests that the
terpenoid compounds found in P guajava may be involved
in the fumigant effect and in the damage to the locomotor
apparatus.

In parallel with the induced mortality and locomotor
deficits, flies exposed to P guajava also showed signs of
oxidative stress, including ROS and TBARS formation as well
as changes in important antioxidant response systems. The
cellular response to oxidative stress is mostly regulated by
the Nrf2 nuclear transcription factor [40]. ROS/xenobiotics
induced alterations in the cellular redox state constitute an
important signal to promote adaptive responses mediated
by Nrf2 [41, 42]. The upregulation of detoxifying enzymes
by natural compounds appears to be related to activation of
Nrf2-ARE pathway [41, 42]. The Nrf2 nuclear translocation
and subsequent binding to the DNA sequence known as
the “antioxidant response element, ARE” may be triggered
by dissociation from the inhibitory protein Keapl as well as
by phosphorylation of serine residues at the Nrf2 protein
by upstream kinases such as PKC and MAPK [42]. Among
proteins that are usually involved in response to oxidative
stress-driven Nrf2 activation, the NAD(P)H dehydrogenase,
quinone 1 oxidoreductase (NQO-1), glutamate cysteine ligase
(GCL), GST, and CAT play central role [43]. Our results
showed a time dependent activation of key factors on the
regulation of an antioxidant response. Since a high mortality
rate at almost all doses of essential oil was apparent at the first
24h of exposure, we measured oxidative stress markers up
to 12 h, in order to have a profile of the antioxidant response
in animals under P guajava oil treatments. Apparently, in
response to the toxicity induced by oil compounds, flies
presented increased ROS levels and a peak of GSH and NQO-
1 (Table 2) at the first 3 h of treatment, a phenomenon that is
consistent with an early activation of the Nrf2-ARE pathway
[44]. While ROS continued to increase from 3h up to 12h,
lipid peroxidation took place only at 12 h time point ( Table 2).
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The antioxidant enzymes GST and CAT were increased
during the period of 6h up to 12h after essential oil treat-
ments. Despite the increased activity of antioxidant enzymes
from 6 to 12 h after administration of P guajava oil, such effect
did not protect flies against the late onset of lipid oxidative
damage. These results clearly suggest a two-phase adaptive
response to oxidative stress induced by P guajava oil derived
compounds. An early phase triggered by ROS induction,
resulting in activation of the master regulator of cellular
antioxidant response, the Nrf2 transcription factor, and a
late phase, characterized by oxidative damage and increased
ROS/xenobiotic detoxifying enzymes (CAT and GST). Later
on, mortality and locomotor deficits accomplished the toxic-
ity induced by the essential oil.

Glutathione S-transferase is an important antioxidant
enzyme involved in phase I detoxification systems [45]. GSTs
belong to a family of multifunctional enzymes that catalyze
the conjugation of GSH to various other molecules and play
a role in mechanisms of intracellular detoxification of endo-
and xenobiotic compounds [46, 47]. The observed increase of
GST activity in Drosophila melanogaster exposed to P. guajava
oil can be related to an adaptive response related to enhanced
elimination of toxic plant derivatives [48, 49]. Singh etal. [50]
demonstrated that natural compounds are able to increase
the expression of GST that together with endogenous GSH
favors the elimination of plant metabolites from organisms.
Catalysis plays a crucial role in the clearance of hydrogen
peroxide from cells as well as for oxidative stress defense
[24]. Our results demonstrated a significant increase in CAT
activity in flies treated with guava essential oil (Table 2).
This effect was in parallel with a rise in ROS production.
The method used in the present study to detect ROS was
based on the oxidation of the fluorescent dye DCFDA, which
is considered a general reactive species indicator; however,
hydrogen peroxide is one major species detected by this probe
[51]. The observed rise in GST and CAT activity by P guajava
in fruit flies may be explained by a potential activation of
the Nrf2 signaling pathway. In fact, an early activation of this
signaling pathway was noted in flies exposed to the essential
oil, by means of increased NQO-1 expression as well as a rise
in GSH (Figure 3 and Table 2).

5. Conclusion

According to our results, the essential oil of P guajava
var. pomifera showed a fumigant action by compromising
survivorship and locomotor activity of D. melanogaster. As
a potential molecular mechanism of toxicity, oxidative stress
appeared to be central, since markers of oxidative damage
of biomolecules and a clear adaptive antioxidant response
were observed in exposed flies. Therefore, our results point
out to the potential application of P guajava essential oil
and/or its compounds as an alternative to the synthetic insec-
ticides in agricultural and pest control practices. Additional
experiments are necessary to clarify the exact mechanisms of
toxicity induced by P guajava oil in insects and to identify
candidate compounds derived from this oil.
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Abstract

Mercury is widely distributed in the environment and it may cause several toxic effects
to organisms. In the present study, we evaluated the in vitro antioxidant activity and
mercury chelating ability of the hydroalcoholic extract of Psidium guajava leaves
(HEPG). Still, the protective effects of HEPG against inorganic mercury were
evaluated using a yeast model (Saccharomyces cerevisae). The HEPG presented
significant antioxidant activity in DPPH and TBARS assays in a concentration
dependent manner. The extract also exhibited significant Hg chelating activity at low
concentrations. Regarding to yeast model study, inorganic mercury exposure caused a
significant decrease in cell viability. However, HEPG partially prevented the decrease
in cell viability induced by inorganic mercury in all concentrations tested. In
conclusion, our results provide evidences to the protective effects of HEPG against
inorganic mercury toxicity. Probably, the antioxidant and chelating activities are, at

least in part, the mechanisms by which the extract exerts its beneficial effects.

Key words: Natural compound, mercury, yeast model, antioxidant activity, chelating
effect, cell viability.



1. INTRODUCTION

Mercury is one of the most dangerous metals found in the environment. It can
be extremely poisonous to animals and humans (WHO, 2003). This metal can be
released into the environment via natural (volcanism and/or erosion) or anthropogenic
(byproduct of industrial process and/or medical equipment discarded without control)
sources, causing mercury accumulation in rivers and oceans (Horowitz et al. 2014).
Once in aquatic environment, inorganic mercury can undergo biomethylation
processes, thus forming organic forms of mercury, including methylmercury (Morel et
al. 1998, Kim and Zoh 2012). In general, the population is exposed to mercury through
the contaminated diet, mainly seafood (Bisen-Hersh et al. 2014). Studies have shown
that inorganic mercury exposure mainly affects the renal system (Peixoto and Pereira
2007, Franciscato et al. 2011, Oliveira et al. 2014) meanwhile organic mercury forms,
are neurotoxic agents (Dolbec 2000, Bisen-Hersh et al. 2014, Sheehan et al., 2014).

The most common treatment available against heavy metals, including
mercury, involves chelating therapy. Nowadays, the chelating agents used to treat
metal intoxications are synthetic, for instance, meso-2,3-dimercaptosuccinic acid
(DMSA),  1-2,3-dimercapto-1-propanesulfonic ~ acid  (DMPS) and, 2,3-
dimercaptopropanol (BAL) (Baum et al. 1999). However, the above mentioned
compounds are not completely effective and may cause undesired side effects such as,
redistribution of the toxic metal in the body and disruption of essential metals
homeostasis (Domingo 1995, Roza et al. 2005, Mehta et al. 2006).

Based on the absence of specificity and effectiveness of the synthetic chelating
agents to toxic metals, researchers have been screening for new alternatives, such as
natural compounds, which present chelating effects without the side effects observed

for the synthetic chelating agents. In this way, a great number of plants have been



identified as hyper accumulators (plants that have the ability to accumulate high
amounts of metals from the soil) and the ability of these plants to chelate metals have
been investigated ever since (Chaney 1983). The intracellular tolerance is one
mechanism triggered by plants to induce metal chelating compounds production. The
metals can be accumulated either in the cell wall, the cytoplasm or vacuoles (Sousa et
al. 2008). Still, plant extracts have shown greatly effective against toxic metals, such as
mercury (Farina et al. 2005, Lucena et al. 2007, Sener et al. 2007, Bellé et al. 2009,
Sumathi et al. 2012).

Psidium guajava L. (Myrtaceae family) is a shrub native of South America.
The popular name of P. guajava is “goiabeira” (Portuguese) or guava tree (English).
There are two common varieties of guava tree: red (P. guajava pomifera var.) and
white (P. guajava pyrifera var.) (Kaneria and Chanda 2011). The species Psidium
guajava var. pomifera L., red guava, besides being an extremely appreciated fruit in
tropical and subtropical countries, is widely used in folk medicine (Gutiérrez et al.
2008). Extracts and metabolites, especially derived from the leaves and fruits,
possesses useful pharmacological activities such as antispasmodic and anti-microbial
in the treatment of diarrhea and dysentery (Gutiérrez et al. 2008). It has also been
widely used as hypoglycemic agent (Shen et al. 2008). Recently, Pinho et al (2014)
showed the bioinsecticidal activity of the P. guajava essential oil. On the other hand,
the effects of leaves hydroalcoholic extract of P. guajava are still unknown.

Thus, in the present study, we aimed to identify the possible scavenger and
chelating effects of the hydroalcoholic extract of P. guajava leaves against inorganic
mercury (HgCly), in vitro, as well as, its protective effects against mercury in the yeast
Sacharomyces cerevisae model. The phenolic profile of the extract was also

determined.



2. MATERIAL AND METHODS

2.1. Plant material

The plant material of Psidium guajava var. pomifera L., was collected in the Horto
Botanico de Plantas Medicinais do Laboratorio de Pesquisa de Produtos Naturais
(LPPN) of Universidade Regional do Cariri (URCA). The plant material was
identified, and a voucher specimen was deposited in the Herbarium Dardano Andrade

Lima of URCA, under #3930.

2.2. Preparation of hydroalcoholic extract of Psidium guajava leaves (HEPG)

The extract was prepared by immersing 482 g of leaves in ethanol and water (1:1) for
72 h at room temperature. After, the extract was filtered and concentrated using a
vacuum rotary evaporator (model Q-344B- Quimis, Brazil) and warm water bath

(model Q214M2- Quimis Brazil), obtaining a yield of crude extract of 8 g.

2.3. Chemicals

All chemicals used in this study were of analytical grade. Methanol, acetic acid,
gallic acid, caffeic acid, ellagic acid, chlorogenic acid and 1,5-diphenylcarbazone were

purchased from Merck (Darmstadt, Germany). Quercetin, quercitrin, isoquercitrin,



rutin, kaempferol, catechin and epicatechin, HgClz, from Sigma Chemical Co. (St.

Louis, MO, USA). HgCl> was dissolved in distilled water.

2.4 HPLC-DAD

High performance liquid chromatography (HPLC-DAD) was performed with a
Shimadzu Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto,
Japan), equipped with Shimadzu LC-20AT reciprocating pumps connected to a DGU
20A5 degasser with a CBM 20A integrator, SPD-M20A diode array detector and LC

solution 1.22 SP1 software.

Reverse phase chromatographic analyses were carried out under gradient
conditions using Cig column (4.6 mm x 250 mm) packed with 5 um diameter particles;
the mobile phase was water containing 2% acetic acid (A) and methanol (B), and the
composition gradient was: 5% (B) for 2min; 25% (B) until 10 min; 40, 50, 60, 70 and
80% (B) every 10 min. The extract of Psidium guajava and mobile phase were filtered
through 0.45 pm membrane filter (Millipore) and then degassed by ultrasonic bath
prior to use, the extract of Psidium guajava was analyzed at a concentration of 5
mg/mL. The flow rate was 0.6 ml/min and the injection volume was 50ul. Stock
solutions of standards references were prepared in the HPLC mobile phase at a
concentration range of 0.035 — 0.400 mg/ml for catechin, epicatechin, quercetin,
quercitrin, isoquercitrin, kaempferol and rutin, and 0.020 — 0.300 mg/ml for gallic,
ellagic, caffeic and chlorogenic acids. Quantification was carried out by integration of
the peaks using the external standard method, at 257 nm for gallic acid, 280 nm for
catechin and epicatechin, 325 nm for chlorogenic, ellagic and caffeic acids, and 365

for quercetin, quercitrin, isoquercitrin, kaempferol and rutin. The chromatography



peaks were confirmed by comparing its retention time with those of reference
standards and by DAD spectra (200 to 600 nm). Calibration curve for gallic acid: Y =
12749x + 1187.5 (r = 0.9997); caffeic acid: Y = 11849x + 1351.4 (r = 0.9996);
chlorogenic acid: Y = 12085x + 1327.9 (r = 0.9993); ellagic acid: Y = 13057x +
1238.5 (r = 0.9991); catechin: Y = 12648x + 1237.6 (r = 0.9999); epicatechin: Y =
13258x + 1269.7 (r = 0.9996); rutin: Y = 12683x + 1354.8 (r = 0.9999); quercetin: Y =
12891x + 1341.6 (r = 0.9997); quercitrin: 'Y = 11994x + 1349.0 (r = 0.9995),
isoquercitrin: Y = 12679x + 1195.6 (r = 0.9998) and kaempferol: Y = 12657x + 1341.9
(r = 0.9999). All chromatography operations were carried out at ambient temperature
and in triplicate.

LOD and LOQ were calculated based on the standard deviation of the
responses and the slope using three independent analytical curves, as defined by
Kamdem et al (2013). LOD and LOQ were calculated as 3.3 and 10 /S, respectively,
where o is the standard deviation of the response and S is the slope of the calibration

curve.

2.5 DPPH radical scavenging assay

Scavenging activity on DPPH free radical by the HEPG was assessed according
to the method described by Kamdem et al (2013). Twenty microliters of the HEPG (1—
500 pg/mL) was mixed with 100 pL of 0.3 mM DPPH in ethanol. The mixture was
allowed to stand at room temperature for 30 min in the dark. Blank solutions were
prepared with each test sample (20 puL) and 100 pL of water. The negative control was

100 pL L of 0.3 mM DPPH with 20 pL of water, while ascorbic acid (1-400 pg /mL)



was used as positive control. The absorbance was measured at 518 nm against each
blank using ELISA microplate reader (SpectraMax, USA) and the inhibition of free

radical, DPPH, in percent was calculated using the formula:

% inhibition = 100 — AbssamPle — Apgblank % 100

Abscontrol

2.6 TBARS — Lipid peroxidation

Phospholipids were used for the thiobarbituric acid reactive substances
(TBARS) assay. Aliquots of 40ug phosphatidylcholine and 55 puM FeSOs were
incubated for 30 min at 37 °C in the presence or absence of the HEPG (1-400 pg/mL)
to induce lipid peroxidation. Thereafter, 100 uL of acetic acid buffer (pH 3.4) and 100
uL of 0.6% thiobarbituric acid (TBA) were subsequently added to the reaction mixture
and incubated at 100 °C for 1 h. After cooling, 400 uL of butanol (P.A.) were added
and tubes were vortexed during 30 s; after samples were centrifuged for 10 min at
6000 rpm and the butanolic fraction absorbance was measured at 532 nm using an
ELISA plate reader (SpectraMax, USA). Standard curve of malondialdehyde (MDA)

was used to quantify TBARS production (Ohkawa et al. 1979).



2.7 Chelating effects: colorimetric assay

1,5-Diphenylcarbazone (DFCZ) was used to determine presence of Hg. DFCZ is
an orange dye and when it is kept together with mercury is possible to observe the color
change to purple. To see the chelating action of the HEPG the following system was
prepared: 0.5 M Tris-HCI buffer, extract solvent (H-O and ethanol, 1:1, v:v), HgCl. (0,
0.1, 0.2 or 0.4 mM), and HEPG (0, 25, 33, 50, 100 or 200 ug/mL). Imediately after, 200
pL of the system was mixed with 2 mM 1,5 diphenylcarbazone and the absorbance was

measured at 655 nm using an ELISA plate reader (SpectraMax, USA).

2.8 Chelating effects: ICP-AES assay

Mercury levels were determined by inductively coupled plasma atomic emission
spectrometry (ICPE-9000; Shimadzu Scientific Instruments). To see the chelating
action of the HEPG the following system was prepared: 0.5 M Tris-HCI buffer, extract
solvent (H20 and ethanol, 1:1, v:v), HgCl. (0, 0.1, 0.2 or 0.4 mM), and HEPG (0, 25,
33, 50, 100 or 200 ug/mL). The tubes were kept at room temperature in the dark for 24
h. After incubation, the tubes that had mercury and extract presented a pellet formation.
The tubes were centrifuged at 13000 rpm for 10 min, 0 °C. Pellet and supernatant were
separated. To digest the samples, the supernatant was mixed with distillated nitric acid
(1:1) and incubated at 70 °C for 24 h. Regarding to pellet, 100 uL of distillated nitric
acid was added to pellet, mixed to resuspend and as the supernatant the tubes were kept
at 70 °C for 24 h. To measure the Hg content in pellet and supernatant the samples were
diluted with distillated water until 10% of nitric acid. The analytical mercury certificate

standard (high purity quality) (Merck®) were used to make the curve (0-50 ppm).



2.9 Saccharomyces cerevisie experiments

2.9.1 Strain and storage

The experiments were undertaken using the wild type strain BY4741 of yeast
Saccharomyces cerevisiae. The strain was kindly provided by Prof. Dr. Claudio Akio
Masuda, associate professor at the Institute of Medical Biochemistry at the Federal
University of Rio de Janeiro (UFRJ). The yeasts were maintained in 2 mL cryogenic
tubes, stored at -80° C in a solution containing YPD medium and glycerol. For the
experiment, the YPD medium was used, which is a complete medium for yeast growth.
It contains yeast extract (1%), peptone (2%), distilled water and glucose or dextrose

(2%).
2.9.2 Preparation of HEPG

For the test in yeast, a stock solution was prepared dissolving 0.1 g of P. guajava
leaves extract to 10 mL of YPD medium. From this initial solution, the dilutions were

made in YPD medium.

2.9.3 Growth in liquid medium

Yeast cells were grown overnight in YPD medium, submitted to stirring (250
rpm) at 30 °C, in a rotary shaker. An aliquot was inoculated in the medium to re-induce
exponential growth phase during the treatments. Cells were supplied with ampicillin
(100 pg/mL). The first step of the experiment was determine the concentrations of
HgCl, and extract to be used. For this, a suspension of 1 x 10° wild type cells were

incubated in different concentrations of HgCl. (10, 50, 75, 100, 125, and 150 uM) and



HEPG (0.25, 0.5, 1.0, 1.25, 2.5, and 5). The samples were submitted to stirring (250
rpm) at 30 °C overnight, in a rotary shaker. After, the samples were diluted in water and
read in a UV-visible spectrophotometer Shimadzu UV-1650PC, in a wavelength of 600
nm, in order to evaluate the inhibition of growth. Data were collected through software
UVProbe 2.42. Following, the concentrations were chosen: 100, 125, and 150 uM for
HgCly; 1.0, 1.25, 2.5, and 5.0 pg/ml for extract. These concentrations were crossed in

order to assess the ability of extract to reverse the growth inhibition caused by HgCl..

2.10 Statistics

The experiments were repeated three times. The data were analyzed using 1-way
ANOVA, followed by Tukey test. The differences were considered to be significant
when P < 0.05. Data analysis was performed with the software GraphPad v. 6 for

Windows.



3. RESULTS
3.1. HPLC analysis

The HPLC profile of hydro alcoholic Psidium guajava (HEPG) leaves extract is
show in Figure 1 and Table 1. The HPLC fingerprint of samples of HEPG indicated
the presence of gallic acid (tr = 11.56 min; peak 1), catechin (tr = 16.49 min, peak 2),
chlorogenic acid (tr = 23.97 min, peak 3), caffeic acid (tr = 28.09 min, peak 4),
ellagic acid (tr = 31.02 min, peak 5), epicatechin (tr = 34.96 min, peak 6), rutin (tr =
39.97 min, peak 7), quercitrin (tr = 44.68 min, peak 8), isoquercitrin (tr = 47.53 min,

peak 9), quercetin (tr = 50.24 min, peak 10) and kaempferol (tr = 56.19 min, peak 11).

3.2 DPPH scavenging assay

The scavengirs activity of the HEPG and ascorbic acid antioxidant activity against
DPPH radical are shown in Figure 2. The positive control (ascorbic acid) exhibited
antioxidant activity in a concentration-dependent manner beginning at 10 pg/mL. The
HEPG exhibited antioxidant activity similar to ascorbic acid, however, the HEPG

antioxidant activity started since 1 pg/mL.

3.3 TBARS (lipid peroxidation) assay

The HEPG inhibited lipid peroxidation induced by Fe?* (Figure 3). The
concentration of 50, 100 and 200 ug/mL of HEPG inhibited the lipid peroxidation

similar to inhibition presented by (PhSe)2 (230 ug/ mL; positive control).



3.4 Chelating effects: colorimetric assay

The chelating effects (colorimetric assay) of HEPG is shown in Figure 4 A, B,
and C. HgCl, caused an increase in 1,5-diphenylcarbazone (DFCZ) absorbance
concentration-dependent manner. The HEPG at the concentrations of 50, 100 and 200
ug/mL significantly avoid the increase in DFCZ absorbance caused by 0.2 and 0.4 mM

HgCl..

3.5 ICP-AES

The HEPG pellet and supernatant Hg content are shown in Table 2. The Hg
levels decreased in supernatant and increased in pellet in an extract concentration-

dependent manner.

3.6 Protective effects of HEPG against HgCl. in yeast model

The results showed in Figure 5 A indicate that the extract in all concentrations
tested did not result in toxic effects to the growth of yeasts. HgCl. toxicity in yeast was
not observed at lower concentrations tested (10-75 uM); however, at higher
concentrations (100 to 150 uM), a clear decline in yeast viability was observed (Fig. 5
A). When HgCl> was crossed with the extract, it was possible to observe a reversal of
the toxicity induced by HgCl> (Figs. 5 B, C, and D), although this recovery has not been

comparable to growth observed in the control group.



4. DISCUSSION

Mercury (Hg) is listed by the International Program of Chemical Safety as one
of the most dangerous chemicals to the environment (Gilbert and Grant-Webster 1995),
and its deleterious effects to human health and ecosystems are of great concern (Kiyono
et al. 2011). Various neurological and behavioral effects were related to humans under
mercury contamination, such as, lack of coordination, tremors, decreased visual field,
sensory disturbances (Dolbec 2000, Bisen-Hersh et al. 2014). Still, several studies have
shown that inorganic mercury induces nephrotoxicity (Peixoto and Pereira 2007,

Franciscato et al. 2011, Bridges et al. 2014, Favero et al. 2014; Oliveira et al. 2015).

Plant extracts have been studied as mitigators of heavy metals toxic effects,
including mercury. Plants ability to remove and accumulate metals from soil varies
among the species (Vélega et al. 2008). In our work, we observed that the hydro
alcoholic Psidium guajava leaves extract (HEPG) presented antioxidant and metal
chelating activities. Also, the pre-treatment with HEPG presented protective effect

against inorganic mercury in S. cerevisie model.

The antioxidant activity of HEPG was demonstrated by DPPH and TBARS
assays. DPPH assay relies in transfer of eletrons from an antioxidant compound to a free
radical (DPPHe) (Huang et al. 2005). In this way, it was possible to evaluate the
reducing power of the HEPG. As a positive control we used ascorbic acid, a substance
that has a great antioxidant activity (Duarte-Almeida et al. 2006). Low HEPG
concentrations showed antioxidant activity similar to positive control. This result can be
correlated with the compounds presented in the extract, for instance, quercetin and
caffeic acid, which are molecules that present high antioxidant activity (Cuyckens and

Claeys 2004).



Regarding to TBARS assay, the HEPG inhibited the malondialdehyde (MDA)
formation induced by iron in phosphatidylcholine. Lipid peroxidation (LP) is defined as
the lipid damage caused by free radicals that are formed during oxidative stress, one of
the LP products is MDA (Sreelatha and Padma 2009). Manian et al. (2008)
demonstrated that some medicinal plant extracts inhibited lipid peroxidation induced by
iron in vitro, similarly that we found in our work with the HEPG reinforcing the
observed antioxidant activity towards DPPH free radical. The anti-peroxidative capacity
of natural compounds are of great importance, since protection of biomolecules, such as
phospholipids, triglycerides and polyunsaturated fatty acids, which are essential for the

cell functions, is vital for cellular homeostasis (Costa et al, 2012).

Since the HEPG presented strong scavenging activity, we tested the extract
effects against inorganic mercury, which has been shown to induce ROS and oxidative
stress (Farina et al. 2013). In this work, we observed that P. guajava extract can chelate
Hg using two different protocols, in vitro. At the first moment, the chelating effect was
observed by colorimetric method using as chromophore 1,5-dyphenilcarbazone
(DFCZ). DFCZ forms a purple coloration at the presence of mercury, resulting in
absorbance increments at 655 nm (Ohweiler 1974). When the HEPG was incubated
together with inorganic mercury the purple color formation was not observed. We also
observed that HEPG, when incubated (24 h, at room temperature) with inorganic
mercury, formed a pellet in a concentration dependent-manner. The mercury levels were
measured in pellet and supernatant. Interestingly, the amount of mercury increased in
pellet and decreased in supernatant when the HEPG concentration was increased
showing the extract chelating effect. Probably, the phenolic antioxidants present in the
HEPG are acting as scavenger and as metal chelating. The phenolic compound

prevalent in HEPG is caffeic acid.



To check whether the in vitro antioxidant and chelating effects of HEPG would
result in protective effects towards cell viability, we use the S. cerevisie as a model
organism. Yeasts are eukaryotic microorganisms belonging to the kingdom of fungi
(Kurtzman and Fell 2006), being the first eukaryotic organisms to have its genome fully
sequenced (Goffeau et al. 1996). Hundreds of homologous genes in humans have been
identified for a large number of genes in yeast, occurring conservation of genes linked
to numerous diseases (Wood et al. 2002). Yeast cells generate ROS in similar ways as
mammalian cells do, and express many of the antioxidant defenses presented in higher
organisms (Jamieson 1998). These organisms became useful tools for the study of
cytotoxic, cytostatic and genotoxic potential of drugs (Fortney et al. 2013), food
additives (Jabeen et al. 2013) and environmental contaminants (Sanfilippo et al. 2010).
Given these properties, and the ease of handling and performing sample procedures,
yeasts have also been used to test the pharmacological potentials of plant extracts

(Marques et al. 2011, Oprea et al. 2014).

Regarding to Hg, it is already know that this metal is readily absorbed by the
cells of S. cerevisiae and not easily removed. Strains deficient in DNA repair systems
were more sensitive to Hg than wild-type strains. This fact implies that Hg damages the
DNA of yeast (Kungolos et al. 1999). In the present study, we demonstrated that the
extract of Psidium guajava var. pomifera L. protect the cells against the toxic effects of

HgCly, reinforcing its antioxidant, protective and chelating properties.



5. CONCLUSION:

The HEPG presented a high concentration of phenolic compounds and
flavonoids. Our study indicated that HEPG has antioxidant and protective effects
against HgCl,. This can be evidenced using the S. cerevisie model, the HEPG prevent
the yeast death caused by inorganic mercury. In addition, a strong chelating effect of
HEPG towards Hg ions was evidenced. However, further studies are necessary to
identify the extract components that are responsible for such effects. Also, it is
necessary to check whether the observed effects would occur in complex organisms. In
conclusion, our results provide evidences to the protective effects of HEPG against
HgCl> induced toxicity, pointing to its antioxidant and chelating activity as main

mechanisms by which the extract exerts its beneficial effects.
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Legends of figures:

Figure 1: Representative high performance liquid chromatography profile of HEPG.
Gallic acid (peak 1), catechin (peak 2), chlorogenic acid (peak 3), caffeic acid (peak 4),
ellagic acid (peak 5), epicatechin (peak 6), rutin (peak 7), quercitrin (peak 8),

isoquercitrin (peak 9), quercetin (peak 10) and kaempferol (peak 11).

Figure 2: DPPH scavenging activity induced by HEPG. Results are expressed as mean *
S.E. of three determinations. Ascorbic acid and HEPG were evaluated individually.

Values followed by different letters are statistically different (p<0.05).

Figure 3: Effect of HEPG on lipid peroxidation induced by iron. Results are expressed
as mean * S.E. of three determinations. Values followed by different letters are

statistically different (p<0.05).

Figure 4: Mercury chelating effect of HEPG — colorimetric assay. Results are expressed
as mean = S.E. of three determinations. Values followed by different letters are

statistically different (p<0.05).

Figure 5: Effect of HEPG and HgCl, (A) on S. cerevisae growth. HgCl2 and HEPG were
evaluated individually. Values followed by different letters are statistically different

(p<0.05). Effects of HEPG and 100 (B), 125 (C) and 150 (D) uM of HgCl> in S.



cerevisae growth. Values followed by different letters are statistically different

(p<0.05).



Table 1: Composition of hydro alcoholic extract of P. guajava leaves.

P. guajava LOD LOQ

Compounds %

mg/g ug/mL pg/mL
Gallic acid 9.75+£0.012 0.97 0.025 0.094
Catechin 3.64 £0.03"° 0.36 0.007 0.023
Chlorogenic acid 7.03+0.01°¢ 0.70 0.038 0.127
Caffeic acid 13.27 £0.011 1.32 0.011 0.034
Ellagic acid 12.19+0.03° 1.21 0.023 0.076
Epicatechin 2.05+0.01f 0.20 0.016 0.051
Rutin 9.82+0.012 0.98 0.019 0.062
Quercitrin 3.91+0.02° 0.39 0.039 0.128
Isoquercitrin 12.36 +0.03 ° 1.23 0.009 0.031
Quercetin 10.95+0.032 1.09 0.015 0.048
Kaempferol 3.51+0.01° 0.35 0.008 0.029

Results are expressed as mean = S.E. of three determinations. Averages followed by
different letters differ by Tukey test (p < 0.05). LOD: Limit of Detection; LOQ: Limit
of Quantification



Table 2: Amount of Hg (g) in supernatant and pellet of hydroalcolic extrat P. Guajava leaves.

P. Guajava
SUPERNATANT PELLET
HgCl: 0 25 33 50 100 200 0 25 33 50 100 200
(m\) (ug/mL)  (ug/mL) (ug/mL)  (ug/mL)  (ug/mL)  (ug/mL) | (ug/mL) (ug/mL) (ug/mL)  (ug/mL) (ug/mL)  (ng/mL)
0.1 1.6+0.32 0.6+0.3* 0.3x0.2° N.D. N.D. N.D. N.P. 1.7¢0.0® 2.1+0.0*" 29+0.3°> 4.0£0.3¢ 4.5+0.2°
0.2 4.7+0.1*  29+0.3* 2.8+05° 1.0+0.2° N.D. N.D. N.P. 2.5+0.1% 3.8%0.3%" 50+0.4° 7.2405°¢ 8.9+0.4¢
04 10.940.5% 8.6+0.1° 7.5+0.2° 55+0.4°¢ 2.0+049 0.3x0.3° | N.P. 0.8+0.4% 4.7+0.3%" 6.840.5° 13.8+2.1¢ 17.1#1.0¢

Data are expressed as mean + SEM (n = 3) and the values followed by different letters in the same to supernatant line and the same line to pellet
are statistically different (p < 0-05, Tukey’s multiple range test).
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4. DISCUSSAO

A Organizacdo Mundial da Saude estima que 65 a 80% da popula¢do mundial buscam nas
plantas fins terapéuticos, seja por motivo cultural ou precariedade no sistema de satde (CALIXTO,
2000). Nesse sentido, o Brasil tem enorme biodiversidade, possuindo uma das mais ricas floras do
mundo e 0s poucos estudos existentes deste material justificam a busca de maior desenvolvimento
nesta area. Uma vez que a biodiversidade brasileira ndo é totalmente estudada, milhGes de espécies
distintas de vegetais, microrganismos ou animais podem ser pesquisados (GUERRA E NODARI,
2001).

A goiabeira (Psidium guajava var. pomifera L) conhecida como goiaba vermelha se
caracteriza como uma espécie de grande potencial de estudo, uma vez que na medicina popular ela
ja é utilizada para colicas, colite, disenteria e dor de barriga (VENDRUSCOLO et al., 2005;
TORRES et al., 2005). Constitui-se em uma planta de ampla distribuicdo no Brasil, e portanto
tornam-se importantes estudos que enfoquem os efeitos do dleo essencial e do extrato de suas
folhas. Lima et al. (2009) ja se refere ao 6leo essencial das folhas de goiabeira como acéo
bioinseticida contra lagartas de cartucho, indicando que ele pode se caracterizar com potencial de
controle de pragas na agricultura.

Pragas agricolas sdo cada vez mais comuns na agricultura, gerando grandes prejuizos. Por
iss0, ao propor nesse estudo uma fonte de bioinseticida, acreditamos que ele ird contribuir para uma
agricultura sustentavel com menor dano ao meio ambiente, diminuindo os custos de producéo e
melhorando a qualidade dos produtos ofertados.

Pesticidas quimicos utilizados para o controle de insetos pode ser perigoso para 0s seres
humanos e a vida selvagem. Além disso, estes compostos podem induzir a resisténcia a insetos e
outros efeitos adversos, o que tem motivado a busca por formas alternativas de controle
(MENDONCA et al., 2011). O presente estudo demonstra a toxicidade induzida pelo 6leo essencial
de Psidium Guajava var. pomifera L.(OEPGP) em modelo de Drosophila melanogaster. A
exposicdo das moscas pelo método de fumigacdo induziu queda na sobrevivéncia bem como danos
na atividade locomotora. Como um mecanismo de toxicidade observados, os resultados sugerem a
criagdo de um estado pro-oxidante ap0s as moscas entrarem em contato com compostos volateis
derivados do OEPGP. Tal efeito € confirmado pelo aumento da producédo de espécies reativas o que
causou a peroxidacdo lipidica indicando a ocorréncia de um estresse oxidativo. Além disso, uma

resposta clara para o estresse oxidativo desencadeado pelas moscas quando expostas ao 6leo foi a



ativacdo das vias de sinalizacdo antioxidantes e consequentemente aumento da atividade das
enzimas antioxidantes, tais como a Glutationa S-Transferase (GST) e a Catalase (CAT).

Compostos derivados de plantas sdo relatados como indutores de toxicidade para uma
ampla gama de insetos e pode interferir diretamente em todos os estagios de desenvolvimento da
mosca da fruta, Drosophila melanogaster, bem como em outros diversos tipos de insetos (RAVI et
al., 2007; MIYAZAWA et al., 1994). Os compostos tais como terpenos, flavonoides, alcaldides,
esterdides e saponinas sdo importantes fitoquimicos quando se considera a atividade inseticida de
extratos de plantas (BELO et al., 2009). Em adicdo a toxicidade aguda e mortalidade, terpendides e
flavonodides foram também estudados para determinar sua atividade como repelente de insetos
(BELO et al., 2009; NDEMAH et al., 2002). H& uma variedade de compostos quimicos presentes
no OEPGP tais como a-terpineol, a-humuleno, B-cariofileno e B-guaiene, 1,8-cineol, 6xido de
cariofileno, B-bisaboleno, aromadendreno, p-selineno, a-pineno, entre outros (SILVA, et al., 2003;
CRAVEIRO, et al., 2003). Leal et al. (2003) mostraram a atividade inseticida do composto 1,8-
cineol obtido a partir de 6leos essenciais de S. aromaticum, H. martiusii e L. sidoides. Alguns
autores sugeriram que a maioria desses monoterpenos ndo sao toxicos para os mamiferos e podem
ser considerados como uma alternativa viavel para os inseticidas sintéticos (CHAGAS et al., 2002;
RICE E COATS, 2002)

Observou-se, neste estudo, que o Oleo de goiaba apresenta mono e compostos
sesquiterpeno, com o 1,8-cineol sendo o segundo composto mais abundante. Embora ndo tenhamos
feito ensaios para avaliar a atividade inseticida de cada composto, a presenca e abundéancia do 1,8 —
cineol sugere gue ele pode ter sido um dos compostos responsaveis por este efeito. Porém, estudos
estdo sendo feitos para esclarecer o papel dos diferentes compostos encontrados no dleo essencial
que foi testado nos nossos experimentos.

De acordo com Ennan et al. (1998) alguns compostos encontrados nos 6leos essenciais
como terpendides e fenilpropandides podem alterar o sistema de neurotransmissores de insetos,
incluindo as vias dopaminérgica e colinérgicas do aparelho locomotor (SOBRAL-SOUZA et al.,
2014; LOIZZO et al., 2010). Observamos alteracdes nos testes de geotaxia negativa das moscas
quando tratadas com o OEPGP, refletindo um déficit locomotor das mesmas. Embora ndo fosse
capaz de avaliar diretamente mudancas nas vias dopaminérgicas e colinérgicas no nosso modelo
experimental, alguns dos efeitos observados podem estar ligados a uma potencial interacao entre 0s
componentes do 6leo e as via neurotransmissoras. Neste contexto, tem sido mostrado que muitos

terpenos sdo conhecidos como inibidores da acetilcolinesterase (AChE) (LOIZZO et al., 2010).



Conforme relatado pelos mesmos autores, o a-terpinene encontrado em Salvia leriifolia mostrou um
efeito inibidor de AChE. Entdo, isso sugere que 0s compostos terpendides encontrados em goiaba
absorvidos pelo efeito fumigante podem estar envolvidos no dano ao aparelho locomotor das
moscas.

Em paralelo com a indugdo da mortalidade e déficit ao aparelho locomotor, as moscas
expostas ao 6leo essencial (OEPGP) também mostraram sinais de estresse oxidativo, incluindo a
geracdo de ROS e formacdo de TBARS, acentuando alteracdes importantes nos sistemas de resposta
antioxidante. A inducdo de diversas enzimas citoprotetoras em resposta a situacdes de estresse
ocorre principalmente em nivel transcricional e é mediada pelo elemento de resposta antioxidante
(ARE), encontrado na regido promotora de diversos genes que codificam enzimas de destoxificagéo.
A ativacdo da transcri¢do génica por meio do ARE é mediada, em grande parte, pelo Nrf2 (fator 2
relacionado ao fator nuclear E2), um fator de transcri¢cdo que, devido a esta interacdo, regula as
respostas celulares ao estresse oxidativo. Substancias produzidas em resposta ao estresse oxidativo
sdo indutoras potentes da ativacdo do ARE e, portanto, alteragcbes no estado celular redox em
resposta a niveis elevados de ROS ou a capacidade antioxidante reduzida constituem sinais
importantes para promover as respostas transcricionais mediadas por este elemento de resposta. A
atividade do Nrf2 é controlada, parcialmente, pela proteina Keapl (do inglés: Kelch-like ECH-
associated protein 1), via ubiquitinagdo em um processo que permite ao Nrf2 controlar a expressao
tanto de genes constitutivos quanto induziveis (NGUYEN et al., 2009).

Alteracbes na razdo entre xenobioticos e a geracdo de ROS se constituem em um sinal
importante para promover respostas adaptativas mediadas pelo fator de transcricdo Nrf2 (NGUYEN
et al., 2009; LIU, 2011). A ativacdo do fator de transcricdo Nrf2-ARE por compostos naturais é
fundamental para regular a acdo das enzimas antioxidantes (NGUYEN et al., 2009; LIU, 2011). A
translocacdo nuclear de Nrf2 e subsequente ligacdo a sequéncia de DNA-ARE pode ser
desencadeada a partir de uma proteina inibidora Keap 1, bem como fosforilacdo dos residuos de
serina na proteina Nrf2 por quinases tais como PKC e MAPK. Dentre as proteinas que sdo
normalmente envolvidas em resposta ao estresse oxidativo ativado pela Nrf2, podemos dizer que a
desidrogenase NAD(P)H, quinona oxidorredutase 1 (1-NQO), ligase de glutamato cisteina (GCL),
GST e CAT desempenham um papel central (HUR E GRAY, 2011). Os resultados do nosso estudo
mostraram que € necessario um tempo de exposicdo ao Oleo para desencadear uma resposta
oxidante. Uma vez que ha uma elevada taxa de mortalidade em quase todas as doses de Oleo

essencial nas primeiras 24 h de exposicéo ao 6leo, medimos marcadores de estresse oxidativo até 12



h de exposi¢cdo, de modo a tragar um perfil da resposta oxidante dos animais até esse periodo.
Aparentemente, em resposta para a toxicidade induzida por compostos do Oleo, moscas
apresentaram um aumento nos niveis de ROS e um pico de GSH e NQO- 1 nas primeiras 3 h de
tratamento, que é um fendmeno consistente com um inicio de ativacdo da via Nrf2-ARE
(JAISWAL, 2004). Enquanto ROS aumentaram a partir de 3 h prolongando-se até 12 h, a
peroxidagdo lipidica ocorreu somente em 12 h de exposicao.

As enzimas antioxidantes GST e CAT foram aumentadas durante o periodo de 6 h até
12 h apds os tratamentos do 6leo essencial. Apesar do aumento da atividade de enzimas
antioxidantes de 6 a 12 h ap6s a administracdo do 6leo de goiaba, tais efeitos ndo protegeram as
moscas contra danos desencadeados pela peroxidagdo lipidica. Estes resultados sugerem claramente
gue ocorreu uma resposta ao estresse oxidativo dividido em 2 fases: uma fase inicial desencadeada
por inducdo de ROS, na qual ocorreu a ativacdo do fator de transcricdo Nfr2, e uma fase tardia,
caracterizada por danos oxidativos que promoveram um aumento das enzimas antioxidantes (CAT e
GST). Estes resultados de mortalidade e déficit de atividade locomotora demostra a toxicidade
induzida pelo 6leo essencial.

Glutationa-S-transferase (GST) € uma importante enzima envolvida nos sistemas de
desintoxicacdo do organismo quando submetida a estresse oxidativo (SAU et al., 2010). GSTs
pertencem a uma familia de enzimas multifuncionais que catalisam a conjugacdo de GSH a varias
outras moléculas e desempenham um papel importante no processo de desintoxicacdo intracelular
quando os organismos sdo expostos a compostos xenobioticos (CHELHEVANAYAGAMA et al.,
2001; WALTERS et al.,, 2009). O aumento observado da atividade da GST em Drosophila
melanogaster quando expostas ao 6leo essencial de P. Guajava pode estar relacionada como uma
resposta adaptativa do organismo das moscas para eliminacdo de produtos toxicos das plantas
(AGIANIAN et al., 2003; WEI et al., 2001). Singh et al. (2000) demonstraram que 0S compostos
naturais sdo capazes de aumentar a expressdo de GST que, em conjunto com GSH enddgena
favorece a eliminacdo de metabolitos de plantas a partir de organismos. A enzima catalase (CAT)
desempenha um papel crucial na depuracdo do perdxido de hidrogénio das células, bem como na
defesa contra estresse oxidativo. Os resultados demonstraram um aumento significativo na atividade
da enzima catalase no organismo das moscas tratada com o 6leo essencial da goiaba. Este efeito
ocorreu em paralelo com um aumento na producgdo de ROS. O método utilizado no presente estudo
para detectar ROS foi baseado na oxidacdo do corante DCFDA, que € considerado um indicador de

espécies reativas em geral. Contudo, peréxido de hidrogénio é uma das principais espécies



detectadas por esta sonda (LUND et al., 1993). O aumento observado na atividade das enzimas
CAT e GST em Drosophila melanogaster quando expostas ao 6leo essencial da goiaba pode ser
explicado pela ativacdo da via de sinalizacdo Nrf2. De fato, uma ativacdo precoce desta via de
sinalizacdo nas moscas quando expostas ao 6leo também foi observado quando ocorreu um
aumento da expressdo da proteina NQO-1, bem como um aumento nos niveis de GSH.

Por sua vez, as folhas de goiabeira também sdo utilizadas pela populacdo em geral no
tratamento de diarreia e diabetes (GUTIERREZ, et al. 2008). Visto que as folhas da goiabeira sdo
utilizadas amplamente na medicina popular, o presente estudo buscou avaliar além da atividade
antioxidante do extrato, seu potencial quelante contra cloreto de mercdrio. Sabemos dos efeitos
danosos ao organismo da contaminacdo por mercurio e, dessa forma o presente estudo procurou
identificar mais um composto que possa ter um efeito protetor e terapéutico quando ocorrer a

contaminacgdo por mercurio.

Mercurio (Hg) e listado pelo Programa Internacional de Seguranga Quimica como um dos
mais perigosos produtos quimicos no ambiente (GILBERT E GRANT-WEBSTER, 1995), e seus
efeitos sobre a saude humana e os ecossistemas sao de grande preocupacao (KIYONO et al., 2011).
Vérios efeitos neuroldgicos e comportamentais foram relacionados aos seres humanos quando
contaminados por mercurio, tais como: falta de coordenagdo motora, tremores, diminuicdo do
campo visual, distarbios sensoriais (TSUBAKI E IRUKIAMA, 1976). Além disso, varios estudos
tém demonstrado que o mercurio inorganico induz nefrotoxicidade (PEIXOTO E PEREIRA, 2007;
FRANCISCATO et al., 2011; FAVERO et al., 2014; BRIDGES et al., 2014; Oliveira et al., 2015).

Os extratos de plantas tém sido estudados como protetores contra metais pesados, até,
mesmo contra os efeitos de mercdrio. Estes extratos tém sido amplamente pesquisados como
protetores contra metais pesados, pois as plantas desenvolveram mecanismos para retirar, acumular
e tolerar estes metais. Esta habilidade pode diferir entre as espécie e também tecidos de uma mesma
espécie (VALEGA et al., 2008). Em nosso trabalho, observamos que o extrato hidro alcéolico das
folhas de Psidium guajava var pomifera L. (HEPG) apresentou atividade antioxidante e quelante de
metais. Além disso, o pré-tratamento HEPG apresentou efeito protetor contra o mercdrio inorganico

no modelo de S. cerevisiae.

A atividade antioxidante de HEPG foi demonstrada por ensaios DPPH e TBARS. Os ensaios
de DPPH se baseiam na transferéncia de elétrons de um composto antioxidante para um radical
livre, 0 DPPHs (BRAND-WILLIAMS et al., 1995; HUANG et al., 2005). Desta forma, foi possivel



avaliar o poder redutor do HEPG. Como um controle positivo utilizou-se acido ascorbico, uma
substancia que tem uma grande atividade antioxidante (Duarte-Almeida et al. 2006). Baixas
concentragdes do HEPG mostraram atividade antioxidante similar ao controle positivo. Este
resultado pode estar correlacionados com compostos prevalentes presentes no extrato, tais como
quercetina e &cido cafeico, que sdo moléculas ja estudadas por apresentarem uma elevada atividade
antioxidante (CUYCKENS E CLAEYS, 2004).

Em relacdo ao ensaio TBARS, o HEPG inibiu a formacdo de malondialdeido (MDA)
induzida por ferro em fosfatidilcolina. A peroxidacéo lipidica (LP) é definida como o dano causado
aos lipideos pelos radicais livres que se formam durante o stress oxidativo (ZIN et al., 2002), sendo
que um dos produtos de LP é o MDA (SREELATHA E PADMA, 2009). Varios estudos
demonstraram que alguns extratos de plantas medicinais inibem a peroxidacdo lipidica induzida
pelo ferro in vitro (MANIAN et al., 2008; JEONG et al., 2011), a semelhanca do que encontramos
em nosso trabalho com o HEPG, reforcando a atividade antioxidante que também foi observada nos
ensaios do radical livre DPPH. A capacidade anti-peroxidativa de compostos naturais sdo de grande
importancia, ja que a protecdo de biomoléculas, tais como fosfolipideos, triglicerideos e acidos
graxos poliinsaturados, que sdo essenciais para as fungdes celulares, é vital para a homeostase
celular (COSTA et al., 2012).

Uma vez comprovado que o HEPG apresenta uma elevada atividade antioxidante, testamos
o efeito do extrato contra o cloreto de mercdrio, uma vez que esse metal j& é conhecido por induzir
a formacédo de ROS e estresse oxidativo (FARINA et al., 2013). Neste trabalho, demostramos que o
extrato de P. guajava pode quelar mercurio utilizando dois protocolos diferentes in vitro. No
primeiro momento, o efeito quelante foi observado pelo método colorimétrico utilizando como
corante o0 1,5 dypnhenilcarbazon (DFCZ). A DFCZ forma uma coloragdo purpura na presenca de
mercurio, resultando em aumentos na absorvancia a 655 nm (OHWEILER, 1974). Quando o HEPG
foi incubada juntamente com mercdrio inorganico na presenca da DFCZ, a formacéo da cor parpura
ndo foi observada. Observou-se também que HEPG, quando incubados (24 h, a temperatura
ambiente) com mercdrio inorgénico, formado um sedimento dependente da concentracdo de
mercurio e extrato. Os niveis de mercdrio foram medidos no precipitado e sobrenadante.
Curiosamente, observamos o aumento da quantidade de mercurio no pellet e diminui¢cdo no
sobrenadante quando as concentracbes HEPG foram aumentadas, demostrando o efeito quelante do
extrato. Provavelmente, os antioxidantes fendlicos presentes no HEPG foram os responsaveis por

essa acdo, pois eles tém a capacidade de funcionarem como sequestradores de radicais e, algumas



vezes, como quelantes de metais (SHARIDI et al., 1992). O composto fendlico prevalente em
HEPG ¢ acido caféico.

Para verificar se o efeito antioxidante e quelante do HEPG observado in vitro iria resultar
em efeitos protetores in vivo, utilizamos o S. cerevisie como um organismo modelo. As leveduras
sdo microrganismos eucariotas pertencem ao reino dos fungos (KURTZMAN E FELL, 2006),
sendo 0s primeiros organismos eucaridticos a ter seu genoma completamente sequenciado
(GOFFEAU et al., 1996). As leveduras possuem mais de 100 genes homologos aos seres humanos,
dentre estes genes ligados a patologias humanas (WOOD et al., 2002). As células de levedura
geram ROS de formas semelhantes, como ocorrem em células de mamifero, e expressam muitas das
defesas antioxidantes apresentados em organismos superiores (JAMIESON, 1998). Estes
organismos tornaram-se ferramentas Uteis para o estudo de citotoxicidade, o potencial genotoxico e
citostatico de drogas (FORTNEY et al., 2013), os aditivos alimentares (JABEEN et al., 2013) e
contaminantes ambientais (SANFILIPO et al., 2010). Dadas estas propriedades, e da facilidade de
manuseio e executar procedimentos simples, as leveduras também foram usados para testar as
potencialidades farmacolodgicas de extratos de plantas (OPREA et al., 2014; MARQUES et al.,
2011; CHANAK-KACZMAREK et al., 2015; KIRUTHIKA E PADMA, 2013). No que diz respeito
ao Hg, ja € conhecido que este metal é prontamente absorvido pelas células de S. cerevisiae e que
ndo sdo facilmente removidos. Cepas deficientes no sistema de reparo de DNA foram mais
sensiveis ao Hg do que as cepas do tipo selvagem. Este fato implica que o Hg danifica o DNA da
levedura (KUNGOLOS et al., 1999). No presente estudo, demonstramos que o extrato de Psidium
guajava var. pomifera L. protege as células contra os efeitos tdxicos de HgCls, reforcando as suas

propriedades antioxidantes, protetores e quelantes.



5.CONCLUSOES:

1)

2)

Observando os resultados descritos, podemos concluir que:

O 6leo essencial das folhas de goiabeira quando aplicados como fumegante comprometeu a
sobrevivéncia e a atividade locomotora da Drosophila melanogaster, conhecida como a
mosca da fruta.O estresse oxidativo parece estar envolvido na toxicidade, uma vez que
observamos nas moscas expostas ao 6leo a ativacdo de marcadores de dano oxidativo bem
como as vias de respostas antioxidantes. Portanto, os resultados apontam para um potencial
promissor do 6leo essencial de P. guajava e / ou seus compostos como uma alternativa para

os inseticidas sintéticos em préaticas de controle de pragas agricolas

O HEPG apresentou uma alta concentracdo de compostos fendlicos e flavonodides. Nosso
estudo indicou que HEPG tem efeitos antioxidantes e de protecdo contra HgCI2. Isto pode
ser comprovado utilizando o modelo de S. cerevisiae, quando o HEPG impediu a morte de
leveduras causada por mercurio inorganico. Além disso, um efeito quelante do HEPG foi

evidenciado.



PERSPECTIVAS:

e Testar a toxicidade do éleo (OEPGP) em outros modelos biolégicos

e Avaliar se o efeito bioinseticida do 6leo (OEPGP) também sera evidenciado em outros
modelos de insetos.

e Verificar se o efeito quelante do extrato (HEPG) pode ser observado em mamiferos

e Identificar os mecanismos pelos quais 0 HEPG exerce seus efeitos quelantes

e Desenvolver novos extratos e 0leos de plantas da Floresta Nacional do Araripe (FLONA)

que possam ter potenciais bioinseticidas, antioxidantes e quelantes contra metais.
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