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Resumo

VICTORIA, Francine Novack. Estudo do potencial farmacoldgico e
toxicolégico do Oleo essencial das folhas da Eugenia uniflora L. 2013.
Tese (Doutorado) — Programa de Pos Graduacdo em Ciéncia e Tecnologia

Agroindustrial. Universidade Federal de Pelotas, Pelotas.

O estresse oxidativo € um desequilibrio entre a producdo e a manifestacéo de
espécies reativas e a habilidade do sistema biolégico de detoxificar
rapidamente os intermediarios reativos ou de reparar os danos causados.
Atualmente mais de 100 doencas nas quais 0 estresse oxidativo estd implicado
sdo conhecidas, nesse sentido é de grande interesse a busca por novas
moléculas com potencial antioxidante, entre as pesquisas os produtos naturais
e, mais especificamente, os Oleos essenciais se destacam, como o Oleo
essencial das folhas de Eugenia uniflora, que possui atividade antinociceptiva,
antibacteriana e antifungica, descritas na literatura. Sendo assim o objetivo
deste trabalho foi avaliar o efeito antioxidante, antidepressivo, antimicrobiano,
genotoxico e capacidade de reversdo de um dano induzido por paracetamol do
Oleo essencial das folhas de E. uniflora. Os resultados demonstraram que o
O0leo essencial apresenta atividade antioxidante frente a radicais livres
sintéticos, efeitos na peroxidacao lipidica no figado e estruturas cerebrais de
camundongos, o 6leo essencial também foi capaz de reverter o dano hepético
induzido por uma superdosagem de paracetamol e ndo foi genotoxico. Além
disso, o 6leo apresentou efeito antidepressivo com possiveis envolvimentos
dos sistemas serotoninérgicos e adrenérgicos. Logo, o Oleo essencial
apresentou potencial farmacoldgico e ndo apresentou efeitos toxicos, estes
resultados sugerem que o Oleo essencial das folhas de E. uniflora possui

potencial para o uso na industria farmacéutica.

Palavras-chaves: Eugenia uniflora, O0leo essencial, estresse oxidativo,

depressao.



ABSTRACT

VICTORIA, Francine Novack. Study of pharmacological potential of E.
uniflora leaves essential oil. 2013. Tese (Doutorado) — Programa de Pos
Graduacdo em Ciéncia e Tecnologia Agroindustrial. Universidade Federal de

Pelotas, Pelotas.

Oxidative stress represents an imbalance between the production and
manifestation of reactive oxygen species and a biological system’s ability to
readily detoxify the reactive intermediates or to repair the resulting damage, and
currently is involved in more than 100 diseases. In this way is of great interest
the search for new molecules with antioxidant potential, between these
researches natural products, especially essential oils stand, like Eugenia
uniflora. The E. uniflora essential oil possesses antinociceptive, antibacterial
and antifungal activities. The goal of this work was evaluated the antioxidant,
antimicrobial, genotoxic, revered effect in a damage caused by acetaminophen
and antidepressant effect of the E. uniflora EO. The results demonstrated that
this EO present antioxidant effects, reduced lipid peroxidation in liver and brain
structures, furthermore the EO was able to reversed the hepatic damage
caused by a super dose of acetaminophen and was not genotoxic in blood and
marrow cells of mice. The EO presents antidepressant effect with possible
involvement of serotoninergic and adrenergic systems. So, in this study the E.
uniflora EO possesses pharmacological effects without toxicity. These findings
suggest that the EO of the leaves of E. uniflora may have the potential for use in

the pharmaceutical industry.

Key-words: Eugenia uniflora, essential oil, oxidative stress, depression.
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1. INTRODUCAO

Os organismos aerdbios produzem espécies derivadas do oxigénio
fisiolégica e metabolicamente, porém uma parte destas espécies pode ser
toxica, através de interacdes oxidativas com biomoléculas como proteinas,
lipidios e acidos nucleicos, que podem levar a danos e morte celular
(MORRISEY; O’BRIEN, 1998). Além disso, todos os organismos aerébios
possuem defesas antioxidantes, enzimaticas e ndo enzimaticas responsaveis
por remover ou reparar danos causados pelas espécies reativas nas
moléculas. O balanco entre as espécies pro-oxidantes e antioxidantes € critico
para o funcionamento e sobrevivéncia de organismos aerébios e o desequilibro
entre essas espécies é chamado de estresse oxidativo (HALLIWELL;
GUTTERIDGE, 2006a).

Atualmente mais de 100 doencas nas quais 0 estresse oxidativo esti
implicado sdo conhecidas. Na maioria dos casos os radicais livres s&o
formados como consequéncia de um dano tecidual, como nas doencas
neurodegenerativas, como Parkinson e Alzeimer, doencas coronarias,
depresséo, doengas inflamatorias e epilepsias (HALLIWELL, 2006b).

Nesse sentido € de grande interesse a busca por novas moléculas com
potencial antioxidante. Entre as pesquisas nessa area os produtos naturais e,
mais especificamente, os Oleos essenciais se destacam como potenciais
agentes antioxidantes, devido principalmente a presenca de compostos
polifendlicos, fendlicos e terpénicos (BAKKALI et al., 2008).

Os Oleos essenciais (OEs), também chamados de 6leos volateis, sédo
liquidos oleosos obtidos de diferentes partes das plantas (flores, folhas,
sementes, frutos, raizes, etc.) (BURT et al.,, 2004). Na natureza os OEs
possuem um papel importante na protecdo das plantas agindo como
antibacterianos, antivirais, antifungicos, inseticidas e contra alguns animais
herbivoros (BAKKALI et al., 2008).

O conhecimento sobre os métodos de extragédo e aplicacbes medicinais
dos OEs foi introduzido na ciéncia no seculo X (PERRY et al., 2006). Embora

os OEs tenham sido utilizados por séculos na medicina tradicional, as bases



cientificas para a sua utilizacdo ainda sdo limitadas e tanto a farmacologia
como a composicdo quimica dos OEs, permanece parcialmente inexplorada.

Os OEs sédo uma mistura complexa de compostos, que podem conter de
20 — 60 componentes em diferentes concentracdes, geralmente caracterizados
por dois ou trés componentes majoritarios, encontrados em altas
concentragbes (20 — 70 %), comparado com a quantidade dos outros
compostos presentes. A composi¢cdo quimica dos OEs inclui dois grandes
grupos: os terpenos e terpendides e 0s constituintes alifaticos e aromaticos
(BAKKALI et al., 2008).

Entre as muitas plantas com potencial biolégico no Brasil, as frutiferas
nativas do sul do Rio Grande do Sul, como a pitanga, a guabiroba e o araca
destacam-se. A Eugenia uniflora L. (pitangueira) € uma arvore nativa das
regides sul e sudeste do Brasil (LIMA et al., 2005). O género Eugenia € um dos
maiores da familia Myrtaceae, com mais de 500 espécies, das quais cerca de
400 encontram-se no Brasil e assumem destaque especial por serem utilizadas
como plantas medicinais. Dentro deste género estd a espécie Eugenia uniflora
L., comumente conhecida como pitangueira, que se apresenta como um
arbusto ou arvore semidecidua, de 4 a 10 m de altura, copa estreita, de tronco
liso de cor pardo clara. As folhas sdo simples, de 3 a 7 cm de comprimento,
com aroma caracteristico. As flores sdo de cor branca e os frutos sdo do tipo
drupa, globosos e sulcados, brilhantes e de cor vermelha, amarela ou preta,
com polpa carnosa e agridoce, contendo 1 a 2 sementes (LORENZI; MATOS,
2002). Suas folhas sé&o popularmente usadas por seus efeitos anti-
hipertensivos, diuréticos, adstringentes, antipiréticos e para o tratamento de
desordens digestivas (FIUZA et al., 2008).

A seguir, serd apresentada uma breve revisdo da literatura sobre
estresse oxidativo, depressao, dor, 6leos essenciais e Eugenia uniflora L., a fim
de contextualizar o trabalho aqui descrito e orientar o leitor. Apds, seréo
apresentados a justificativa, os objetivos, os resultados e a conclusao deste

trabalho.
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2. REVISAO BIBLIOGRAFICA

2.1 Estresse Oxidativo

A teoria do estresse oxidativo originalmente foi proposta por Harman et
al. (1950), esta postulava que os radicais livres de oxigénio enddgenos
formados no processo metabdlico normal acumulavam-se e por oxidacao
causavam dano na molécula de DNA.

Em 1991, Sies descreveu o estresse oxidativo como um desequilibrio no
balanco entre espécies pro-oxidantes e antioxidantes, em favor das primeiras,
que pode levar a danos nas biomoléculas. Sendo assim, o0 aumento dos danos
oxidativos resulta no aumento do estresse oxidativo e na incapacidade de
reparar ou repor biomoléculas oxidadas.

O estresse oxidativo pode ser promovido pela diminuicdo nas defesas
antioxidantes, enzimaticas e ndo enzimaticas ou também pelo aumento na
producdo de espécies reativas (ERs) (Figura 1) (HALLIWELL; GUTTERIDGE,
2006). As ERs podem ser de oxigénio (EROs), de nitrogénio (ERNS), de
enxofres (ERSs) e de carbono (ERCs), sendo as principais, as EROs. As
espécies reativas (ERs) podem gerar estresse oxidativo em consequéncia de
suas propriedades oxidantes e da reacdo com as biomoléculas (JOSEPHY,
1997, TIMBRELL, 2000).

0,
o CAT GPx SOD
H,0, HO - :
- VitaminaC
NO- ONOO | Equilibrio | Polifenéis
Antocianinas
Oxidantes
CAT GPx SOD
VitaminaC
Polifendis
o Antocianinas
0. Estresse Oxidativo
H.O, HO
NO- ONOO- Oxidantes
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Figura 1: Representacdo esquematica do estresse oxidativo. Espécies oxidantes: radical anion
superoxido (0,"), peréxido de hidrogénio (H,O,), radical hidroxil (HO-), radical 6xido nitrico
(NO-) e peroxinitrito (ONOO-). Espécies antioxidantes: catalase (CAT), glutationa peroxidase
(GPx), superdxido dismutase (SOD). Adaptado de Halliwell (2006).

As espécies reativas de oxigénio (EROs) podem ser endbgenas
exdgenas (Fig. 2). As fontes enddgenas sao produtos normais do metabolisi...
celular, podendo ser benéficas ou ndo dependendo da concentracdo. As fontes
potenciais destas espécies no organismo sdo a respiracdo mitocondrial,
enzimas lipoxigenases e cicloxigenases (via do acido araquiddnico), citocromo
P450, 6xido nitrico sintase, xantina oxidase, NAD(P)H oxidases, peroxidases e
enzimas de neutrofilos e macrofagos (ALEXANDER, 1983, BABIOR et al.,
1978, HALLIWELL; GUTTERIDGE, 1999). Em relacéo as fontes exdgenas de
EROs pode-se citar a radiacdo solar, agentes quimicos e metais pesados,
presentes frequentemente no ambiente (OSTHOFF et al., 1997).

Fontes Endogenas Defesas antioxidantes Fontes Exégenas
Cadeia transportadora de Sisternas enzimaticos e nio Luz ultravioleta
elétrons enzimaticos, para eliminagao Radicacao ionizante
Lipoxigenases de ROS ou reparo de danos Cluimioterapicos
NADPH oxidase oxidativos Citocinasinflamatorias
Citocromo P450 Toxinas ambientais
Kantina oxidase

EROS
‘ Equilibrio
Funcdesfisiologicas Homeostase Fungdesfisiologicas
comprometidas comprometidas

Dirninuicao d Danos Vias de
Iminuigcao da resposta - - via
lul ; lif stp M etabolismo e crescimento celulares sinalizac&o
Fenlarprolierave normais aleatdrios especifica

Defesa celular deficiente

Envelhecimentos, morte
celular, cancer, doencgas
neurodegenerativas

Figura 2: Fontes de EROs e a resposta celular (Adaptado de Finkel; Holbrook, 2000)

Quando presentes em concentracées normais (a concentracdo varia
com o tipo celular), as EROs sdo importantes para a defesa contra agentes
15




infecciosos, sistemas de sinalizacdo celular, como a ativacdo da guanilato
ciclase, com a formacdo do segundo mensageiro da guanosina monosfato
ciclica e inducéo da diviséo celular (VALKO et al., 2006).

A maior parte das espécies reativas é produzida durante a reducdo da
molécula de oxigénio (O,) em agua (H.O) na cadeia transportadora de elétrons,
que ocorre na membrana interna das mitocéndrias. As mitocondrias, através de
uma sequéncia de reacOes de oxidacdo e reducao (cadeia transportadora de
elétrons), reduzem em aproximadamente 95 % o O,, através de um processo
catalisado por diversos sistemas enzimaticos, como: NADH desidrogenase,
succinato desidrogenasse, citocromo bc; e citocromo oxidase (LEHNINGER,
2011). Porém, uma parte do O, ndo é reduzida e leva a formacdo de espécies
reativas a partir do O," O H,0, é formado durante a B-oxidacdo de acidos

graxos nos peroxissomos e assim como o O;", pode levar a formacéao de outros
radicais livres (Fig. 3), como por exemplo, o radical HO’, uma das espécies

radicalares mais reativas no nosso organismo.

Nicotinamida- Membrana )
nucleotideo- mitocondrial Cite
transidrogenase interna
I ( Q\ III IV
0,

,/\¢ on*

NADH NAD"

NAD™

H,0,

<]
Figura 3: Cadeia transportadora de elétrons — Producdo do radical anion superdxido (O,"),
radical hidroxil (HO") e perdxido de hidrogénio (H,O,). NADH — nicotinamida desidrogenase, Q

— ubiquinona, Cit c- citocromo C. Adaptado de Nelson; Cox (2011).

As ERs podem ser radicalares (radicais livres) ou néo radicalares, e as

principais ERs envolvidas com o estresse oxidativo sé@o: o radical &nion
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superéxido (O;7), radical hidroxil (HO’), oxido nitrico (NO), peroxido de
hidrogénio (H2,0,) e peroxinitritos (ONOO") (HALLIWELL, 2006a).

O radical anion superéxido (O27) é gerado pela reducdo do oxigénio,
através de reacdes de auto-oxidacdo na cadeia transportadora de elétrons
mitocondrial (MANDELKER, 2008). Quando este radical entra em contato com
outras espécies radicalares, como por exemplo, com o radical 6xido nitrico
(NO), reage, ocasionando a formacao de peroxinitro (ONOOQO’) (Fig. 4), uma
espécie altamente reativa (HALLIWELL; GUTTERIDGE, 1999). Além disso, o
O," pode reagir com o ion ferroso e peroxido de hidrogénio, através da reacéo
de Haber-Weiss (HABER WEISS, 1932).

Fe*3 + OH™+ OH* Dano oxidativo

Detoxificacao
de substancias

CAT

uojue op ogdesy
z+e=|

HZO +1/20,

2 GSH NADPH
/ H20,
\
Geragao de
EROS GSSG NADP *+

'

03~ +°NO
\ H20,
M
o,
ONOO~ »

sslap\-1eqeH ap ogdeay

Dano oxidativo

0, + OH + OH°®

Figura 4: Producéo de espécies reativas. ROS — espécies reativas de oxigénio;
Radical anion superoxido (O;7), peroxido de hidrogénio (H,0,), radical hidroxil
(HO"), radical 6xido nitrico (NO) e peroxinitrito (ONOQY); catalase (CAT),
glutationa peroxidase (GPx), superoxido dismutase (SOD), glutationa (GSH),
glutationa oxidada (GSSG), glutationa S-transferase (GST), glutationa redutase

(GR), nicotinamida adenina dinucleotideo fosfato hidrogenase (NADPH).

O radical hidroxil (HO’) € uma espécie altamente reativa, produzido in
vivo por diversos processos e, uma vez formado, reage com qualquer molécula
presente no seu local de formacdo (HALLIWELL; GUTTERIDGE, 2006a). Ao
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reagir com o DNA, leva a formacdo de uma variedade de produtos, incluindo
bases puricas e pirimidicas modificadas (HALLIWELL; ARUOMA, 1991). O
peroxido de hidrogénio (H.O,), uma ERO né&o radicalar, é formado pela
dismutacdo do radical anion superéxido (Fig. 4) e por acdo de algumas
enzimas, como a xantina oxidase. Apesar do H,O, ndo ser um radical, ele pode
desencadear reacdes que levam a formacédo de radicais livres. Além disso, esta
espécie pode degradar hemeproteinas, como a mioglobina e hemoglobina,
liberando ferro. A reacdo de H,O, com metais (Fe*?) é conhecida como a
reacao de Fenton, que forma HO" (Fig. 4) (HALLIWELL; GUTTERIDGE, 2003).

As espécies reativas e os radicais livres, quando em excesso, S&o
extremamente reativos e citotéxicos em todos os organismos. Eles podem
reagir com as biomoléculas do organismo, como proteinas, lipideos e acidos
nucleicos, causando danos moleculares severos, que podem ser irreparaveis e
causar assim a morte celular (SCANDALIOS, 2005).

As membranas biolégicas apresentam uma estrutura geral comum,
constituida de uma bicamada lipidica, formada principalmente por fosfolipideos,
0S quais estdo associados as proteinas. As proteinas presentes na membrana
celular sdo responsaveis pelo transporte de moléculas especificas através da
bicamada lipidica, assim como podem reagir como catalisadores de reacdes
guimicas associadas as membranas, como a sintese de ATP (ATP sintase)
(ALBERTS et al., 1994).

O processo de oxidacdo de lipideos promovido por EROs e radicais
livres é denominado de peroxidacdo lipidica. As reagbes da peroxidacao
lipidica envolvem trés fases: iniciacdo, propagacao e término (Fig. 5).

Na fase de iniciagdo, o hidrogénio do acido graxo insaturado (LH) do
fosfolipidio de membrana € removido por uma ERO produzindo o radical
lipidico L-. Em seguida, na fase de propagac¢ao, o radical lipidico formado na
reagdo anterior reage com o0 oxigénio molecular, formando o radical peroxila
(LOQOe), este radical pode dar inicio a um novo processo de remogao de
hidrogénio de uma nova molécula de acido graxo gerando mais um radical L« e
hidroperoxido (LOOH). Estes radicais peroxilas formados podem facilmente
atacar as proteinas de membrana, produzindo maiores danos (BARREIROS et

al., 2006). Através de outras reacdes como, por exemplo, as catalisadas por
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metais de transicdo como o cobre e o ferro, o hidroperoxido lipidico pode
formar LOO- e o radical alcoxila (LOe¢), que participam na propagacado da
cadeia radicalar. A maioria destas reacdes sao degradativas e produzem
aldeidos e alcanos de diferentes pesos moleculares (VALKO et al., 2006).
Estes produtos sado utilizados para monitorar 0 processo de peroxidacao
lipidica em condigbes fisiolégicas, sendo o malondialdeido (MDA), uma
substéncia reativa ao acido tiobarbittrico (TBARS), comumente dosado.

Terminacds
1

LH RADA
oo" ( QoH

'i_:l;n—_
=

LH Iniciagdn L* LoD Propagagac LOCH

Figura 5: Etapas do processo de peroxidacao lipidica (OGA, 2003). LH — lipideo, L' — radical
lipidico, LOO' - radical peroxil, LOOH — hidroperéxido, MDA — malondialdeidos.

Quando as EROs reagem com os acidos graxos insaturados, modificam
os lipideos e as membranas perdem as suas caracteristicas arquitetdnicas
alterando a sua semipermeabilidade, o que favorece a entrada e saida
indiscriminada de metabdlitos e detritos das células, provocando a ruptura, lise
e necrose (JOSEPHY, 1997; TIMBRELL, 2000).

As proteinas podem ser diretamente oxidadas por todas as espécies
reativas de oxigénio ou também ser alvo dos produtos da peroxidacao lipidica.
As modificagdes das proteinas basicamente sao iniciadas pelo radical OHe,
contudo a continuidade do processo de oxidacdo € determinada pela
disponibilidade de oxigénio (O,) ou de sua forma protonada. Coletivamente, as
EROs conduzem a oxidagdo de residuos de aminoé&cidos, o que pode resultar
na fragmentacéo das proteinas (BERLETT; STADTMAN, 1997). O radical anion
superoéxido, especificamente ataca os grupamentos 4Fe-4S, promovendo desta
forma, o aumento da liberacéo de ferro e inativacdo da proteina (HALLIWELL;
GUTTERIDGE, 1999). A concentracdo de ferro livre tem sido relacionada com

lesbGes oxidativas provocadas nos vacuolos, proporcionando a fragmentacao
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desta organela e aumentando a sensibilidade das células a varias condi¢des de
estresse (SRINIVASAN et al., 2000).

O peroxido de hidrogénio inativa enzimas através da oxidacdo de
grupamentos tidis em residuos de cisteina presentes nos sitios ativos, levando
a formacéao de ligacdes dissulfeto (S-S). Isso acontece na oxidacéo da cisteina,
que pode levar a formacdao reversivel de dissulfetos nos grupamentos tiois das
proteinas (-SH), ou com tidis de baixo peso molecular, especialmente a
glutationa (GSH) (VALKO et al., 2007). Outro dano causado as proteinas é a
insercdo de grupos carbonilicos (CO) nas cadeias laterais de proteinas. O
perdxido de hidrogénio tem a capacidade de provocar a oxidacdo de alguns
residuos especificos de aminoacidos, como os citados acima e da histidina,
levando frequientemente a formacdo dos grupamentos carbonila nas suas
cadeias laterais, como também a quebra da cadeia polipeptidica, ao atacar
residuos de prolina, aspartato e glutamato (STADTMAN, 1992, LEVINE et al.,
1994).

Os agentes oxidantes sdo capazes de provocar lesdes na molécula de
DNA gendmico e mitocondrial. Esta oxidacdo do DNA pode atingir tanto suas
bases nitrogenadas como as moléculas de acucar (COSTA; MORADAS-
FERREIRA, 2001). Entre as lesdes oxidativas mais perigosas, a modificacao
das bases nitrogenadas apresenta-se em uma posicdo de destaque, pois
frequentemente estd associada a formacdo de mutacbes e perda da
integridade do DNA (HALLIWELL; ARUOMA, 1991). As muta¢des permanentes
resultantes dos danos oxidativos s&o o0 primeiro passo envolvido na
mutagénese, carcinogénese e no envelhecimento (VALKO et al., 2006).

Entre os danos causados por EROs no DNA temos a quebra das fitas
duplas e simples e a formacao de sitios abasicos (sitios com perda de bases
nitrogenadas). As lesdes no DNA podem resultar tanto na inativagdo quanto na
ativacdo da sua transcricdo, replicacdo de erros e instabilidade gendmica.
Todas estas alteracbes podem ser associadas com a carcinogénese
(MARNETT, 2000, VALKO et al., 2006).

O radical hidroxil, ao ser gerado pela reacdo de Fenton/Haber-Weiss
(Fig. 4), € capaz de reagir com todos os componentes da molécula do DNA,

lesionando tanto as bases nitrogenadas quanto a desoxiribose. Dentre as
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lesGes no DNA, a formacao de 8-hidroxidesoxiguanosina é a mais estudada. A
importéancia desta lesdo encontra-se no fato de ser facilmente detectada,
podendo ser aplicada como um marcador de lesdo oxidativa e também de
carcinogénese (VALKO et al., 2006).

No organismo humano, as ERs sdo neutralizadas por um elaborado
sistema de defesa antioxidante, constituidos de enzimas como a catalase
(CAT), a superoéxido dismutase (SOD), a glutationa peroxidase (GPx), além de
inumeros sistemas de defesas antioxidantes ndo enzimaticas que incluem a
glutationa (GSH), algumas vitaminas (A, E, C) e compostos fenolicos (ALEXI et
al., 1998, GIANNI et al., 2004).

As células eucarioticas, diante da grande diversidade de producédo das
EROs, desenvolveram um elaborado mecanismo de defesa celular
denominado sistema de defesa antioxidante. O termo antioxidante é utilizado
para definir o conjunto enzimético ou ndo de sistemas que protegem as
macromoléculas ou estruturas celulares contra os efeitos potencialmente
danosos de reacGes que promovem a oxidacao.

A exposicéao a radicais livres, provenientes de diversas fontes, conduz o
organismo a desenvolver uma série de mecanismos de defesa (CADENAS,
1997), tais como: mecanismos de prevencdo, de reparo, fisicos e as defesas
antioxidantes (VALKO et al., 2007). Em condi¢cdes normais, ha um equilibrio
entre as reacdes que envolvem os oxidantes (EROs) e os antioxidantes, sendo
mantidas as condi¢bes de vida. Entretanto, na ocorréncia de um excesso de
EROs e/ou uma deficiéncia de antioxidantes € estabelecido o processo de
estresse oxidativo, podendo culminar com os efeitos nocivos dos radicais livres
(DROGE, 2002).

Quando o balango oxidativo celular € alterado ha uma resposta inicial e
rapida, resultado da ativacdo de todo um sistema de protecdo pré-existente,
bem como a ativacdo de um mecanismo de traducdo de sinais que levara a
ativacdo da resposta secundaria caracterizada pela sintese de novo de
proteinas e moléculas de protecdo celular (COSTA; MORADAS-FERREIRA,
2001).

Um antioxidante € definido como qualquer substancia, que quando

presente em baixas concentragfes, comparadas ao substrato oxidado, diminui
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ou inibe significativamente a oxidacdo do substrato (HALLIWELL;
GUTTERIDGE, 1989, HALLIWELL, 2006c, SIES, 1991). Os antioxidantes
podem proteger o corpo humano do atague de ERs e radicais livres, retardando
o progresso de muitas doencas cronicas, assim como da peroxidacao lipidica.

O sistema de defesa antioxidante € constituido de sistemas enzimaticos
e ndo enziméticos, que atuam conjuntamente na protecao celular. Os primeiros
incluem a superoxido dismutase (SOD), a glutationa peroxidase (GPx) e a
catalase (CAT), enquanto que 0s ndo enzimaticos sao representados por
vitamina C, vitamina E, glutationa (GSH), carotendides e flavondides (VALKO
et al., 2007).

Com referéncia aos antioxidantes enzimaticos, a superéxido dismutase
desempenha importante papel, jA& que catalisa a dismutacdo do radical
superéxido em peroxido de hidrogénio e oxigénio molecular (Fig. 3, pag. 10).
Em tecidos animais, a SOD esta presente na forma de diferentes isoenzimas,
que possuem sitios ativos com atomos de manganés (Mn-SOD) presente na
membrana mitocondrial e cobre e zinco (CuzZnSOD), presentes no espaco
intermembrana e no resto da célula (FRIDOVICH, 1995).

A enzima catalase, presente nos peroxissomos, participa da conversao
do peréxido de hidrogénio em agua e oxigénio molecular com alta taxa de
turnover (uma molécula de catalase pode converter aproximadamente seis
milhdes de moléculas de perdxido de hidrogénio por minuto) (Fig. 3, pag. 10)
(HALLIWELL, 2006a).

A glutationa peroxidase, conhecida como uma enzima selénio-
dependente, pois contém em seu sitio ativo o atomo de selénio, age em
conjunto com a glutationa (Fig. 3), desempenhando um dos mais importantes
mecanismos de defesa antioxidante; catalisa a reducdo do peroxido de
hidrogénio e peréxidos organicos para seus correspondentes alcodis as custas
da oxidagao da glutationa (GSSG) (VALKO et al., 2006).

A glutationa (Y-glutamilcisteinilglicina, GSH) € a principal defesa
antioxidante ndo enzimatica no organismo humano. Esta € um tiol tripeptideo
de baixo peso molecular encontrado abundantemente no meio intracelular.
Esta molécula possui grande importancia em diversos processos intracelulares

como, por exemplo, transporte de aminoacidos, sintese de proteinas e acidos
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nucleicos, modulagcéo da atividade enzimatica, metabolismo de xenobioticos e
protecdo contra substancias carcinogénicas e espécies reativas de oxigénio
(DOUGLAS, 1987, SIES et al., 1979).

A utilizacdo da GSH, pela enzima GPx resulta em sua oxidacdo para a
forma de dissulfeto (GSSG). A GSH oxidada pode ser regenerada através de
um sistema alternativo de reciclo catalisado pela enzima glutationa redutase,
(GR) dependente de NADPH, formado na via das pentoses, que serve como
poder redutor (ALONSO-MORAGA et al., 1987; TUGGLE; FUCHS, 1986).

As defesas antioxidantes exégenas sao provenientes principalmente da
alimentagdo. O consumo de frutas e legumes tem sido associado com a
diminuicdo do risco de doengas cronicas, incluindo a aterosclerose coronaria
(RIMM, 1996). Estudos epidemiolégicos demonstram uma associacao inversa
entre o consumo de frutas e legumes e a mortalidade devido a doencas
relacionadas com a idade, como doencgas corondrias e cancer e esses efeitos
podem ser atribuidos a atividade antioxidante (EBERHARDT, 2000, GANESAN
et al., 2011).

Os principais compostos bioativos de fontes naturais sdo 0os compostos
fendlicos e flavondides, os quais estdo relacionados com beneficios a saude.
Os compostos fendlicos de origem natural sdo produtos do metabolismo de
vegetais e tem como funcdo a protecdo da planta contra situacfes adversas.
Uma grande variedade de compostos fendlicos bioativos que possuem um ou
mais anéis aromaticos sao encontrados naturalmente em plantas. As
substancias fendlicas mais simples incluem os monofendis (um anel
benzénico), o grupo dos &cidos cinamicos e os flavondides e seus derivados
glicosidicos (Figura 6) (GULCIN, 2012).

A atividade antioxidante que os compostos fendlicos podem exercer
depende de fatores como a concentracdo e o tipo de composto presente. A
acdo antioxidante também pode ser resultado de um sinergismo com outros
compostos (GULCIN, 2012).
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Figura 6: Estrutura quimica de alguns compostos fendlicos

Estudos recentes sugerem o envolvimento do estresse oxidativo com as
principais causas de leséo tecidual (LOGUERCIO; FREDERICO, 2003). Muitas
evidéncias suportam o envolvimento do estresse oxidativo no desenvolvimento
e patologia de diversas doencas, como o0 cancer, artrites, doencas
cardiovasculares, aterosclerose, diabetes mellitus, envelhecimento celular,
doencas hepaticas, doencas neurodegenerativas e inflamatérias e depresséo
(CHUNG et al., 1999, LEE et al., 1999, VALKO et al., 2007). Acredita-se que
em muitas destas doencas o0 estresse oxidativo possua um papel periférico,
porém em outras as ERs possuem um papel central em um variado nimero de
reacdes bioldgicas fundamentais, sugerindo que muitas doencas e processos
degenerativos possam estar associados com a superproducdo de ERs, em
especial as espécies reativas de oxigénio (EROs) (YOUNG; WOODSIDE,
2001).

O papel das espécies reativas em doencas inflamatorias ainda ndo esta
claro, visto que estas espécies podem contribuir para o entendimento do
envolvimento das doencgas inflamatorias com o aumento do risco de cancer
(BARTSCH; NAIR, 2004, HALLIWELL, 2002, HALLIWELL; GUTTERIDGE,
2007). Estas espécies podem, todavia, apresentar acdo anti-inflamatoria,
através da modulacdo da funcdo de linfocitos (HALLIWELL, 2006c,
MALMBERG et al., 2001, RAHMAN et al., 2006, VAN DER VEEN et al., 2000).
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Cabe salientar o papel do estresse oxidativo nas doencas hepaticas, as
quais sdo um problema de saude publica mundial. No meio ambiente e
ocupacionalmente o ser humano estéd exposto a uma diversidade de compostos
hepatotoxicos, como alguns medicamentos (acetoaminofeno - paracetamol),
tintas e seus derivados (2-nitropropano), reagentes quimicos (tetracloreto de
carbono, CCl;) e na exposicdo ao cigarro (2-nitropropano). Evidéncias
crescentes relacionam as EROs com a cascata de eventos que regulam o
inicio e a progressao de doencas hepaticas, independente do agente que a
originou (LOGUERCIO; FREDERICO, 2003, VITAGLIONE et al., 2004). Assim
0 uso de terapias antioxidantes, de compostos que interferem no sistema de
metabolizacao (sistema P-450) do agente hepatotoxico e aumentam a atividade
de sistemas enzimaticos de defesas sdo as opc¢des usadas no tratamento da
hepatotoxicidade (WEBER et al., 2003).

No decorrer dos processos de biotransformacdo de xenobibticos séo
produzidos diversos intermediarios reativos potencialmente toxicos. Estas
reacoes podem resultar em baixos niveis de exposicdo ao xenobibtico. O
paracetamol, por exemplo, é efetivo quando consumido de acordo com as
recomendacdes (1-4 g / dia), porém uma super dosagem deste farmaco pode
levar a um dano hepético. A hepatotoxicidade do paracetamol esta relacionada
com a sua biotransformacao (Fig. 7). Em doses normais, 2% do paracetamol é
excretado na urina, o remanescente é metabolizado no figado por dois
mecanismos: 90 % por conjugacéao (glicoronidacéo e sulfonacédo) (FORREST et
al., 1982) e aproximadamente 5 - 9 % sofre metabolizacdo por reagdes de fase
1 (grupos polares sdo adicionados por oxidacao, reducéo ou hidrolise). No caso
do paracetamol, ocorre uma conversdo oxidativa gerando o metabdlito toxico
N-acetilbenzoquinonaimina (NAPQI) (CHEN et al., 1988). Altas doses de
paracetamol levam a saturacdo do processo de biotransformacéao pelas vias do
acido glicurdnico e pela sulfatagédo, sobrecarregando o sistema do citocromo e
aumentando a producado deste metabolito toxico (MAKIN; WILLIAMS, 1994).

O NAPQI é uma espécie altamente reativa que pode agir como um
eletrofilo ou um oxidante, sendo rapidamente conjugada com a glutationa
intracelular, reacédo catalisada pela enzima glutationa S-transferase (GST), a
fim eliminar o NAPQI de forma atoxica pelos rins (MITCHEL et al.,1973).
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Entretanto, as reservas de GSH séo limitadas, sendo esgotadas na tentativa de
detoxificar o NAPQI produzido em excesso (MITCHEL et al.,1973). Quando as
reservas de GSH estdo reduzidas em torno de 70-80%, a capacidade de
detoxificacdo do figado fica excedida e o NAPQI se acumula, interagindo com
0s hepatdcitos e destruindo-os (PRESCOTT, 1983). Na auséncia de GSH o
NAPQI comeca a se ligar em residuos de cisteina de macromoléculas dos
hepatécitos, gerando adutos (PUMFORD et al., 1989), os quais S0 0 processo
inicial e irreversivel no desenvolvimento dos danos celulares (GIBSON et al.,
1996).

O esgotamento de GSH contribui para o estresse oxidativo celular
(JAESCHKE et al., 2003), quando o NAPQI se liga a alvos celulares criticos,
como as proteinas mitocondriais, ocorrendo disfun¢cdes mitocondrial e perda de
ATP celular (HARMAN et al.,, 1991). Os hepatécitos sofrem subsequente
faléncia energética, alteracdo na homeostase do calcio, deplecédo de ATP, dano
ao DNA e modificacdo de proteinas intracelulares. Estes eventos levam a
morte celular por necrose (JAESCHKE; BAJT, 2006).
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Figura 7: Biotransformacdo do paracetamol. NAPQI — N- acetilbenzoquinonaimina, GSH —
glutationa. Fonte: MAKIN; WILLIAMS, 1994.

Existem diversas doencas neuroldgicas nas quais o0 estresse oxidativo
pode estar envolvido, como: doenca de Parkinson, doenca de Alzheimer,
isquemia, esclerose multipla, esclerose lateral amiotrofica, doencas
inflamatorias, fenilcetondria, epilepsia e a depressdo (EREN et al.,, 2007,
DEON, et al., 2006, REZNICK; PACKER, 1993, SIRTORI et al., 2005,).

O reconhecimento do envolvimento das ERs em diversas enfermidades
tem levado a utilizacdo de terapias antioxidantes (YOUNG; WOODSIDE, 2001).
Nos ultimos anos, existe um grande interesse na identificacdo de novos
antioxidantes de fontes naturais, especialmente derivados de plantas (GULCIN,
2012).

2.2 Depressao

A depressao € um distdrbio de humor crdnico, recorrente e com risco de
vida, que afeta 20% da populacdo mundial (BERTON; NESTLER, 2006). E
considerada como a segunda principal causa de doencas ao redor do mundo e
estima-se que a prevaléncia desta doenca ird aumentar nos préximos 10 anos
(WHO, 2006).

Os sintomas da depressao incluem sentimentos intensos de tristeza,
desespero, assim como inabilidade de ter prazer em atividades usuais,
mudancas nos padrées de sono, perda de apetite, de energia e pensamentos
suicidas (GAUDIANO et al., 2008).

Apesar dos mecanismos envolvidos no desenvolvimento da depressao
nao estarem totalmente elucidados, o estresse oxidativo, através da producdo
de radicais livres pode ter um papel importante na patofisiologia da depresséao
(EREN et al., 2007). E provavel que o estresse oxidativo esteja primaria ou
secundariamente envolvido na patogénese da depressao.

Alguns autores demonstraram a coexisténcia do aumento do estresse
oxidativo e sintomas de depressdo em alguns pacientes, evidenciado pela
deficiéncia de defesas antioxidantes no plasma, como superdxido dismutase,

catalase e glutationa peroxidase. Também foi observado o aumento da
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peroxidacdo lipidica, evidenciado pela elevacdo na concentracdo de
malondialdeidos (MDA) e hidroperéxidos lipidicos, quando comparados aos
individuos saudéaveis (MAES et al., 2000, SARANDOL et al., 2007, TRABER et
al., 2008, TSUBOI et al., 2006). O tratamento com antidepressivos, por sua vez
normaliza os niveis de marcadores do estresse oxidativo (HERKEN et al.,
2007).

O cérebro é particularmente vulneravel aos danos oxidativos, visto que
possui um alto consumo de oxigénio, baixos niveis de defesas antioxidantes,
uma constituicdo rica em lipideos, que séo substratos para as reacfOes de
oxidacdo (peroxidagdo lipidica), metais como o ferro e o cobre, que atuam
como catalisadores redox e neurotransmissor com potencial redutor
(HALLIWELL, 2006b, VALKO et al., 2007).

No cérebro, os radicais livres, podem reagir com lipideos, proteinas,
carboidratos e acidos nucleicos, levando a neurodegeneragédo (VALKO et al.,
2007). A vulnerabilidade do cérebro ao estresse oxidativo e a associagdo entre
as mudancas neurodegenerativas e doencas psiquiatricas sugerem que 0
estresse oxidativo possa estar envolvido na patogénese da depressao e que a
suplementacdo com antioxidantes pode ser um novo alvo para estes
tratamentos (BERK et al., 2008).

Além disso, estudos pré-clinicos sugerem que antioxidantes, na forma
de sequestrantes de radicais livres, apresentam atividade antidepressiva
(EREN et al., 2007, ZAFIR et al., 2009) e dessa maneira, é razoavel propor que
antioxidantes exdégenos podem ser eficientes no tratamento da depresséo.
Sendo assim, compostos com potencial antioxidante podem ser alvos atraentes
para o tratamento da depressao.

Na medicina moderna um grande numero de farmacos antidepressivos
esta disponivel para o tratamento da depressédo. Estes atuam através de
diferentes mecanismos, que incluem influéncia no sistema serotoninérgico,
noradrenérgico e/ou dopaminérgico. Os antidepressivos aumentam 0s niveis
de norepinefrina e serotonina algumas horas apd6s a administracéo, porém o

efeito terapéutico ocorre apenas apés 3 — 4 semanas (HARDMAN et al., 2004).
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Apesar de a depressdo ser tratada farmacologicamente por trés
décadas, apenas recentemente a compreensado sobre 0s mecanismos de acao
dos antidepressivos tem registrado 0s maiores avangos.

A teoria monoaminérgica postula que a depressao € causada por uma
deficiéncia na transmissdo de monoaminas (noradrenalina, dopamina e
serotonina) no sistema nervoso central, ou ainda por uma deficiéncia de
receptores para estes neurotransmissores (SCHILDKRAUT, 1965). As
evidéncias que suportam essa teoria € que diversos farmacos utilizados no
tratamento da depressdo agem aumentando a concentracdo de monoaminas
na fenda sinaptica (ANDERSON, 2000). No entanto, esta hipétese nao explica
a falta de correlacdo temporal entre os eventos bioquimicos rapidos que
aumentam as monoaminas na fenda sinaptica e o inicio tardio dos efeitos
clinicos do tratamento com antidepressivos.

Além do sistema monoaminérgico, outros sistemas parecem estar
envolvidos na fisiopatologia da depressdo, como o sistema glutamatérgico e a
via da L-arginina 6xido nitrico (PETRIE et al., 2000), o sistema opioide
(GABILONDO et al., 1999), o sistema GABAérgico (NAKAGAWA et al., 1996),
os canais de potassio (K) e os canais de célcio (Ca*®) (GALEOTTI et al.,
2006). Além disso, a depressdo pode ser desencadeada por alteracdes nas
vias de sinalizacdo que regulam a neuroplasticidade e a sobrevivéncia celular
(calcio calmodulina cinase Il) (CaMKIl), proteina cinase C (PKC), proteina
cinase A (PKA), proteina cinase ativada por mitogeno (MAPK), proteina ligante
ao elemento responsivo ao AMPc (CREB), fator neurotréfico derivado do
cérebro (BDNF) (PERERA et al., 2007, PITTENGER; DUMAN,2008), aumento
do estresse oxidativo (EREN et al., 2007) e liberacdo de citocinas proé-
inflamatdrias associadas com a ativacao do sistema imune (DUNN et al., 2005).

Foi observado que a heterogeneidade das respostas clinicas dos
antidepressivos e a eficacia limitada sao atribuidas aos efeitos colaterais como
sedacdo, disturbios no sono e disfungbes sexuais (SEOL et al., 2010).

Estima-se que aproximadamente 30% dos pacientes ndo respondem a
terapia com farmacos, por iSso € extremamente necessario a pesquisa e o
desenvolvimento de novos compostos com potencial antidepressivo
(KULKARNI, DHIR, 2009, MONTGOMERY, 2006).
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Na busca por novas moléculas com potencial para o tratamento de
doencas neurolégicas, as pesquisas com plantas medicinais vém progredindo
constantemente em todo o mundo, demonstrando a eficacia farmacoldgica de
diferentes espécies de plantas em varios modelos animais (ZHANG, 2004). Um
exemplo é a erva de Sao Jodo (Hypericum perforatum), utilizada no tratamento
de depressdes leves a moderadas (LINDE; KNUPPEL, 2005). Seu efeito
antidepressivo € supostamente devido a inibicdo da captacdo de serotonina
(GOBBI et al., 1999). Além disso, existem relatos sobre o0 aumento dos niveis
de dopamina extracelular no cortex pré-frontal de ratos (YOSHITAKE et al.,
2004).

Muitos estudos evidenciam o potencial das substéncias antidepressivas
naturais, entre essas os OEs de Salvia sclarea (SEOL et al., 2010), de
camomila (Matricaria recutita L.) (CAN et al.,, 2012), de Croton Zehntneri
(LAZARINI et al., 2000) e Valeriana wallichii Patchouli (SAH et al., 2011)

apresentaram efeitos antidepressivos.

2.3 Dor e Nocicepcéao

A dor foi definida pela Associacao Internacional para o Estudo da Dor
como sendo “uma experiéncia emocional e sensorial desagradavel associada
com uma lesao tecidual real ou potencial ou descrita em termos de tal les&o”
(LOESER; MELZACK, 1999).

A dor é uma experiéncia sensorial de carater subjetivo. Apesar de ser
uma sensacdo desagradavel, ela tem um importante papel biolégico de
denunciar quando algo ndo vai bem, portanto, serve como sinal de alerta para
a preservacao da vida (MILLAN et al., 1999).

A nocicepgdo, por outro lado, compreende a transmissdo e o
processamento da informacé&o dolorosa. Assim, a estimulag&o nociva detectada
pelos receptores periféricos € codificada como uma mensagem nociceptiva, a
qual é progressivamente transmitida e processada em centros nervosos
superiores (MILLAN et al., 1999).

Entretanto, a subjetividade da sensacao dolorosa esta vinculada com o

aspecto comportamental. Isso acontece porque a informacao nociceptiva atinge
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nao apenas regidbes do sistema somatossensorial, mas também o sistema
limbico (BYERS; BONICA, 2001, MILLAN, 1999).

Os receptores envolvidos na deteccdo do estimulo doloroso séo
chamados de nociceptores, esses receptores sao terminacdes nervosas livres
de alto limiar, que podem ser ativadas por estimulos quimicos, térmicos ou
mecanicos. Em termos de duracdo, uma sensacao dolorosa pode ser
transitéria, aguda ou cronica.

Na dor transitoria, a ativagcdo dos nociceptores acontece na auséncia de
qualquer dano tecidual e, neste caso, desempenha funcdo protetora do
organismo contra possiveis danos teciduais. Em contrapartida, a dor aguda é
uma resposta normal causada por uma lesdo de tecido, com consequente
ativacdo dos nociceptores no local da lesdo, sendo que a dor desaparece até
mesmo antes do restabelecimento do tecido lesado. Este tipo de dor
geralmente aparece apdés cirurgias ou situagbes traumaticas e persiste por
menos de um més, possuindo também carater protetor. Por fim, a dor crbénica é
causada por uma lesédo tecidual ou doenca que geralmente ultrapassa o tempo
de recuperacdo do organismo, ou seja, este tipo de dor ndo desaparece
mesmo quando o trauma inicial (leséo) foi resolvido, podendo durar meses ou
anos, sendo um importante fator de incapacidade e sofrimento (LOTSCH;
GEISSLINGER, 2001, LOESER; MELZACK, 1999).

Tanto a dor aguda quanto a dor crbnica estdo frequentemente
associadas a processos inflamatérios, como resultado da lesdo tecidual,
reatividade imune anormal ou les&o nervosa (STEIN et al., 2003).

Quanto a sua origem, a dor pode ser classificada em quatro tipos, de

acordo com a Figura 8.
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Nociceptiva
Originaria da estimulagio excessiva

> Psicogénica

Reflete fatores psicologicos
dos nociceptores localizados na pele,

visceras e outros orgaos

Neurogénica Neuropatica
Reflete o dano de tecido neuronal na Ocorrecomo resultado de uma
periferia ou no sistema nervoso disfungdo ou dano de um nervo ou de
central (“dor central”) um grupo de nervos

Figura 8: Classificagdo da dor quanto a origem (Millan, 1999)

Existe um sistema especifico de dor, o qual transfere informacdes sobre
a lesdo tecidual para o local de percepcao: o cérebro. A energia nociceptiva €
traduzida por sinais eletrofisiolégicos que sdo transmitidos por aparatos
perceptivos. Esta plasticidade € mediada por diversos mecanismos, incluindo
sensibilizacdo periférica/primaria e central/secundaria. E formada por um
conjunto de mediadores quimicos que atuam perifericamente e na espinha,
comparaveis a complexidade dos neurotransmissores no cérebro
(FARQUHAR-SMITH, 2007).

A acdo direta ou indireta de mediadores quimicos, tais como metabdlitos
do acido araquidénico (prostaglandinas e leucotrienos), aminoacidos ou seus
derivados (glutamato, noradrenalina, serotonina, dopamina e 6xido nitrico),
peptideos (cininas, taquicininas, CGRP, galanina, colecistocinina, peptideo
intestinal vasoativo), proteinas (citocinas, fator de crescimento do nervo), entre
outros, sdo responsaveis pela multiplicidade de eventos que ocorrem durante a
transmissdao da dor, tanto no sistema nervoso periférico quanto no central
(BESSON, 1999; FURST, 1999; MILLAN, 1999; CALIXTO et al., 2000).

O estimulo doloroso é propagado através das fibras aferentes primarias
C ou Ad, onde se encontram 0s nociceptores, 0s quais sdo ativados por
diversos neuromediadores inflamatérios quando liberados por macréfagos,
mastocitos, células endoteliais ou nervos traumatizados, facilitando a

transmissao dolorosa e as alteracfes inflamatdérias periféricas. Dentre estes, se
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destacam a acetilcolina, a histamina, bradicinina, o leucotrieno, a substancia P,
os radicais acidos, os ions potassio, as prostaglandinas, os tromboxanos, as
interleucinas e o fator de crescimento nervoso (NGF) (KRAYCHETE et al.,
2006; MA; QUIRION, 2008).

As terminagdes nervosas das fibras nociceptivas Ad e C sédo capazes de
traduzir um estimulo agressivo de natureza térmica, quimica ou mecéanica, em
estimulo elétrico que sera transmitido até o sistema nervoso central e
interpretado no cortex cerebral como dor. As fibras Ad sdo mielinizadas, em
funcdo da presenca da bainha de mielina e transmitem o estimulo doloroso de
forma rapida. As fibras C ndo sdo mielinizadas e possuem a capacidade de
transmitir estimulos dolorosos em diferentes velocidades; elas sé&o
responsaveis pela transmissédo lenta da dor (LEE et al., 2005). Ambas sé&o
classificadas em subtipos Ad1, Ad2, C1 e C2 (ROCHA et al., 2007).

Os impulsos dolorosos saem dos nociceptores localizados em diversas
estruturas, como a pele, os musculos, as articulacdes, as visceras, e se
deslocam pelos axbénios dos neurbnios sensitivos primarios, cujos corpos
celulares formam os ganglios da raiz dorsal, terminando no corno posterior da
medula espinhal e transmitindo a informacdo a neurbnios secundarios,
terciarios, até o cortex somestésico (LEE et al., 2005).

As espécies reativas de oxigénio (EROs) e de nitrogénio (ERNS)
interferem no processamento da informacéo nociceptiva. A prevaléncia da dor
neuropatica e de outras formas de dor crénica € maior em individuos idosos, o
que sugere que os processos fisiolégicos de envelhecimento aumentam a
sensibilidade dos neurdnios sensoriais aos estimulos nocivos (GAGLIESE;
MELZACK, 1997). Além disso, a producdo de radicais livres aumenta a
senescéncia celular. A partir dessa relagdo, se iniciaram as especulacdes
sobre o papel do estresse oxidativo na modulacdo da atividade das vias
nociceptivas (CRISP et al., 2006 KHALIL et al., 1999, NOVAK et al., 1999,).

A lesdo nervosa periférica ocasiona a produgdo de mediadores
inflamatorios locais, 0s quais contribuem com os sinais caracteristicos deste
tipo de trauma. A resposta inflamatoria periférica € intensificada pelo aumento
na producdo de radicais livres no local da lesdo e este parece ser um dos

mecanismos responsaveis pela intensificacdo da estimulacdo nociceptiva
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(KHALIL et al., 1999, KAHLIL; KHODR, 2001). Assim, ap0s a lesdo nervosa
periférica, os oxidantes podem promover hiperalgesia por exacerbar o dano
tecidual no local da lesdo. O tratamento com antioxidantes diminuiu a resposta
hiperalgésica (CRISP et al.,, 2006, KIM et al., 2006, NAIK et al.,, 2006,
WAGNER et al., 1998).

Muitos estudos apresentam a correlacdo entre os radicais livres e as
respostas comportamentais encontradas apds a lesdo nervosa (WAGNER et
al., 1998, NAIK, 2006). Em modelos experimentais de dor, tanto por lesdes
neuropaticas, como pela injecdo de agentes pro-nociceptivos, também foi
demonstrado um aumento na producdo de EROs nas regides do sistema
nervoso central relacionadas a transmissdo da informacdo nociceptiva, bem
como a reversdo de sinais nociceptivos com o tratamento de antioxidantes
(LEE et al., 2007).

Os farmacos mais utilizados para o alivio da dor e tratamentos de
inflamacgBes sdo os anti-inflamatérios ndo esteroidais (AINES) e os opidides,
apesar dos efeitos colaterais (SHU, 1998; STEINMEYER, 2005; WALLACE,
2008). Logo, novos compostos com potencial anti-inflamatério e analgésico,
seguros e eficientes, sdo necessarios.

Historicamente, o homem tem utilizado diversas formas de terapias para
o alivio da dor, entre estas as plantas medicinais vem se destacando devido ao
seu uso popular. Um exemplo é a planta Papaver somniferum, conhecida
popularmente como papoula-dormideira, da qual a morfina foi extraida,
considerada como um prototipo de farmacos opidides analgésicos. Os
farmacos opidides geralmente agem no sistema nervoso central, exercendo
seus efeitos através de interagcdes com os receptores opidides (U, O, k). Estes
farmacos sédo de grande importancia para o alivio da dor crénica (ALMEIDA et
al., 2001).

Na linha de utilizacdo de produtos de origem natural, os 6leos essenciais
vém sendo largamente estudados em relacdo ao seu potencial antinociceptivo,
devido aos minimos efeitos colaterais apresentados e também a gama de
compostos presentes (LIMA et al., 2012, PINHO et al., 2012, HAJASHEMI et
al., 2012,

34



2.4 Oleos essenciais

A International Standard Organization (ISO) define os Oleos essenciais
(OEs) como produtos obtidos de partes de plantas através da destilagcdo por
arraste a vapor, e também como os produtos obtidos pela expressdo de
pericarpos de frutos citricos. Os OEs, também chamados de 6leos volateis ou
etéreos, sdo uma mistura complexa de compostos naturais e volateis formados
durante o metabolismo secundario de plantas, caracterizados por um odor forte
(BAKKALLI, 2008), que podem ser obtidos de diferentes partes das plantas
com flores, folhas, sementes, raizes e frutos (BURT et al., 2004).

Na natureza, os Oleos essenciais possuem um papel importante de
protecdo das plantas, atuando como antibacterianos, antivirais, antifungicos e
inseticidas (BAKKALLI et al.,2008). A concentracdo de 6leo essencial pode
variar entre as plantas, porém em geral, ndo excede 1%, com excec¢édo do 6leo
essencial do cravo (Syzygium aromaticum) e noz-moscada (Myristica fragrans)
gue possuem aproximadamente 10% de 6leo essencial em massa.

Em geral, os OEs sdo uma mistura de aproximadamente 20-60
componentes, caracterizados por dois ou trés compostos majoritarios, em
concentragdes que podem variar entre 20-70 %, quando comparados com 0S
outros compostos presentes (BAKKALI et al., 2008).

Os componentes presentes nos OEs incluem dois grupos principais de
origem biossintética diferente (BETTS, 2001, CROTEAU et al.,, 2000). O
principal grupo € composto por terpenos e terpendides e o outro por
constituintes alifaticos e aromaticos de baixo peso molecular (BAKKALI et al.,
2008).

Os terpenos formam classes estruturalmente diferentes, estes sé&o
formadas a partir da molécula de cinco carbonos denominada de isopreno. As
principais classes de terpenos sdo: monoterpenos, sesquiterpenos, diterpenos,
triterpenos e os terpendides (terpenos oxigenados) (Figura 9).

Os compostos aromaticos e alifaticos (Figura 9) ocorrem com menor
frequéncia, quando comparados aos terpenos. Estes sdo derivados do
fenilpropano e incluem os aldeidos, alcoois, fendis, derivados metoxilados e

derivados dioxi-metilenos.
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Cimeno Sabineno Geraniol Carvacrol Cariofileno

X
CHO CHO
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Fanesol Citral Citronelal Linalol
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Cinamaldeido Chavicol Mentol

Figura 9: Estruturas quimicas de alguns compostos presentes em 6leos essenciais

Os constituintes dos 6leos essenciais e as suas concentracdes podem
variar dentro da mesma espécie, e 0Oleos essenciais obtidos de diferentes
plantas da mesma espécie podem apresentar composi¢cao quimica diferente. A
concentracdo destes metabdlitos pode variar em funcdo de diferentes
quimiotipos, origem, sazonalidade e uso de diferentes métodos de extracao
(BURT et al., 2004).

Os 6leos essenciais sdo considerados como 0s principais componentes
bioguimicos de acdo terapéutica das plantas medicinais e aromaéticas,
constituindo matéria-prima de grande importancia para as industrias
farmacéutica (compostos vegetais empregados in natura para a preparacao de
infusbes e para aromatizacdo de produtos farmacéuticos destinados a uso
oral), alimenticia (condimentos e aromatizantes de bebidas e alimentos) e
cosmética (perfumes e produtos de higiene) (HAJASHEMI et al., 2012).

Na induastria farmacéutica os Oleos essenciais sdo utilizados como
medicamentos ou coadjuvantes. No Brasil, um exemplo bem sucedido de
farmaco obtido a partir de Oleos essenciais € o Acheflan®, obtido do Oleo
essencial de Cordia verbenaceae, planta da familia Borginaceae, utilizado
como um anti-inflamatério de uso topico (AMORIM et al., 2009). A atividade

anti-inflamatoéria da C. verbenaceae foi recentemente associada a presenca de
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dois sesquiterpenos encontrados no 0Oleo essencial, a-humuleno e (-)-trans-
cariofileno (FERNANDES et al., 2007). Como coadjuvantes os 6leos essenciais
sao utilizados para promover a absor¢cdo de medicamentos, aumentando a
absorcéo na epiderme devido as suas caracteristicas lipofilicas (CAL, 2006).

Apesar dos 6leos essenciais serem utilizados por séculos na medicina
tradicional, existe uma base cientifica muito limitada em relagdo a sua
utilizacdo. O potencial biologico dos 6leos essenciais e 0 seu potencial para o
desenvolvimento de novas drogas tem sido pouco explorado (ABUHAMDAMH,;
CHAZOT, 2008).

Os dleos essenciais tem sido estudados devido a suas mudltiplas
funcdes, como antioxidante (MIGUEL et al., 2004, SINGH et al., 2009, TEPE et
al., 2007), antibacteriano (ELAISSI et al., 2011, BONATIROU et al., 2007,
VARONA et al., 2013), antifangico (TAVARES et al., 2008, TIAN et al., 2011),
antiviral (ALLAHVERDIYEV et al., 2004, ASTANI et al., 2009, SCHNITZLER et
al., 2008), anticancer (GALI-MUHTASIB, 2006, SYLVESTRE et al., 2006),
antidepressivo (SAH et al., 2011, ZENI et al., 2011) e antinociceptivo (AMORIM
et al., 2009, HAJASHEMI et al., 2012).

A citotoxicidade dos 0leos essenciais também tem sido alvo de muitos
trabalhos, porém, devido a variedade de constituintes presentes, os 0leos
essenciais parecem nao possuir alvos celulares especificos (CARSON et al.,
2002). Devido a caracteristica lipofilica estes podem atravessar a parede
celular e a membrana citoplasmética, rompendo as estruturas das diferentes
camadas de polissacarideos, acidos graxos e fosfolipideos (BAKKALI et al.,
2008). Em bactérias, a permeabilizacdo das membranas celulares é associada
as perdas de ions, reducdo do potencial de membrana, colapso da bomba de
prétons e diminuicdo dos niveis de ATP (DI PASQUA et al., 2006,
KNOBLOSCH et al.,, 1989, TURINA et al, 2006). Além disso, os Oleos
essenciais podem coagular o citoplasma (GUSTAFSOON et al., 1998) e causar
danos a lipideos e proteinas (BURT, 2004, ULTEE et al., 2002).

Em células eucaridticas, o0s 6leos essenciais podem promover
despolarizacdo das membranas mitocondriais através da reducao do potencial
de membrana, afetando os canais de calcio (NOVGORODOV; GUDZ, 1996,
RICHTER; SCHLEGEL, 1993) e outros canais ibnicos e também reduzem o
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gradiente de pH, afetando dessa maneira a bomba de protons e a producao de
ATP (BAKKALI et al., 2008).

2.5 Eugenia uniflora L.

A familia Myrtaceae compreende um grande numero de plantas,
incluindo 138 géneros e aproximadamente 3800 espécies (WILSON et al.,
2001, AURICCHIO et al, 2003) e entre elas esta a Eugenia uniflora,
comumente conhecida como pitanga. Muitas espécies sdo utilizadas na
medicina popular no tratamento de diferentes doengas como infec¢des, dores e
inflamagdes, céncer, diabetes entre outras. Muitos estudos experimentais tém
demonstrado o potencial biolégico dos extratos, 6leos essenciais ou de fracfes
obtidas de diferentes plantas desta familia, como Psidium guava L. (goiaba),
Syzigium jambos (L.) Alston (jambo rosa) e Plinia glomerata (jaboticaba-
amarela) (AVILA-PENA et al., 2007, OJEWOLE et al.,2006, SERAFIN et al.,
2007).

O género Eugenia € um dos géneros com maior niumero de espécies na
familia Myrtaceae, contando com mais de 500 espécies, 400 das quais sao
encontradas no Brasil (FIUZA et al., 2008). Eugenia uniflora L. € originaria da
regido que compreende o Brasil central até o norte da Argentina (BEZERRA et
al., 2000). Esta arvore é encontrada principalmente nas regifes sul e sudeste
do Brasil (LIMA et al., 2005), mas sua distribuicdo se fez ao longo de quase
todo o territério nacional e esta presente em muitos centros de diversidade e
domesticacdo brasileiros, que englobam diferentes ecossistemas tropicais,
subtropicais e temperados (BEZERRA et al., 2000). A pitangueira € cultivada,
ainda, na América Central, nas Antilhas, na Flérida, na Califérnia, no Havai, na
China meridional, no Sri Lanka, na Argélia, na Tunisia e no sul da Franca
(GOMES, 2007).

A pitangueira é uma arvore semidecidua de quatro a dez metros de
altura, com copa estreita e tronco liso de cor pardo clara. As folhas séo
simples, com trés a sete centimetros de comprimento e com aroma
caracteristico. As flores brancas séo solitarias ou encontradas em grupos de

duas ou trés nas axilas e extremidades dos ramos (GOMES, 2007).
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A pitanga possui sabor doce e acido agradaveis, com aroma peculiar
intenso. O fruto € uma baga de aproximadamente 30 mm de diametro,
achatada nas extremidades e com oito a dez sulcos longitudinais (GOMES,
2007). Com a maturacdo, o epicarpo evolui de verde a vermelho ou quase
negro (BEZERRA et al., 2000). Esta caracteristica originou seu nome, que
significa vermelho-rubro em tupi (LOPES, 2005).

A pitanga foi introduzida na medicina empirica pelos indios guaranis no
século XV (FIUZA et al., 2008). Popularmente, a infusdo preparada com as
folhas é utilizada como anti-hipertensivo, diurético (CONSOLINI; SARUBBIO,
2002), adstringente, antipirético e para reducao dos niveis de colesterol e &cido
arico (SCHMEDA-HIRSCHMANN et al., 1987).

Existem evidéncias que o extrato etandlico de folhas secas, por acao
dos flavondides presentes, possui atividade inibitéria da enzima xantina-
oxidase, envolvida na conversdo de xantina a &cido Urico (SCHMEDA-
HIRSCHMANN et al., 1987; THEODULOZ et al.,, 1988). Além disso esse
extrato também promove a diminuicdo da hiperglicemia e hipertrigliceridemia
em animais por inibicho da degradacdo de carboidratos e gorduras e da
absorcéo intestinal de glicose (ARAI et al., 1999).

O extrato etandlico das folhas secas apresentou, ainda, atividade
antifangica contra dermatofitos (SOUZA et al., 2002), e acdo antibacteriana
moderada contra Staphylococcus aureus e Escherichia coli (HOLETZ et al.,
2002). Além disso, o extrato etandlico possui efeito anti-Trypanosoma, sendo
assim uma alternativa importante para o combate de doencas infecciosas,
como a doenca de Chagas, ndo apresentando toxicidade em células de
mamiferos (SANTOS et al, 2012). Foi observado ainda, atividade
antibacteriana contra cepas de Staphylococcus aureus multidroga-resistentes
(MRSA) (COUTINHO et al., 2012).

O extrato obtido de folhas frescas de pitanga por sua vez, também
apresentou efeito anti-inflamatério no edema induzido por carragenina em ratos
(SCHAPOVAL et al., 1994). A secagem das folhas reduziu o potencial
antioxidante do extrato etandlico das folhas de pitanga frente a peroxidacao
lipidica induzida em ratos (KADE et al., 2008).
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Ja o extrato aquoso das folhas secas, mostrou fraca acéo diurética,
possivelmente relacionada ao aumento do fluxo sanguineo renal, com
diminuicdo da pressao sanguinea por vasodilatacdo direta (CONSOLINI et al.,
1999).

Os extratos das frutas de pitanga apresentaram efeitos antioxidantes e
0s extratos obtidos da variedade de pitanga roxa apresentaram um melhor
efeito antioxidante como sequestrante de radicais livies DPPH e redutor de ion
férrico, quando comparado a outras variedades, provavelmente devido ao alto
conteudo fendlico e de antocianinas (BAGETTI et al., 2011).

O d6leo essencial das folhas de pitanga possui atividade antifungica
contra Paracoccidioides brasiliensis, o principal causador de micoses
sistémicas na América Latina (COSTA et al., 2010) e contra Candida albicans,
Cryptococcus grubbii, Saccharomyces cerevisiae e Cryptococcus neofarmans
(LAGO et al., 2011). O OE também apresenta atividade antibacteriana contra
Bacillus cereus e acéo citotoxica contra linhagens de células tumorais humana
PC-3 e Hep G2 e inibe completamente o crescimento de células Hs 578T
(OGUNWANDE et al., 2005).

O oleo essencial possui atividade antinociceptiva central e periférica em
dor induzida por modelos quimico (acido acético) e térmico (placa quente) em
camundongos, além de propriedades hipotérmicas (AMORIM et al., 2009).

A composicdo quimica do 6leo essencial das folhas de E. uniflora de
diferentes regides foi bastante estudada (COSTA et al., 2010, HENRIQUES et
al., 1996, MELO et al., 2007, WEYERSTAHL et al., 1988, OGUNWANDE et al.,
2005) e estes estudos demonstram que ela € bastante complexa e variada.

Em grande parte dos estudos sobre a composi¢cdo quimica do Oleo
essencial das folhas de E. uniflora, os compostos majoritarios encontrados
foram: selina-1,3,7-trie-8-ona, oOxido de selina-1,3,7-trie-8-ona, germacrona,
furanodieno e curzereno (WEYERSTAHL et al., 1988 ) (Figura 10). No entanto,
guando sdo comparados os Oleos essenciais de diferentes origens existe
grande variabilidade na sua composi¢cdo. De modo geral, apesar das variagdes
nas concentracfes dos metabdlitos, o 6leo essencial das folhas de E. uniflora

poOSSui sesquiterpenos como compostos majoritarios, com excecao dos 0Oleos
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obtidos a partir de folhas da Argentina, que apresentam monoterpenos como

constituintes majoritarios (LAGO et al., 2011).

Selina-1,3,7-trien-8-ona Oxido de selina-1,3,7-trien-8-ona

707 (0% ©

Curzereno Furanodieno Germacroma

Figura 10: Principais compostos encontrados no 6leo essencial das folhas de E. uniflora
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3. JUSTIFICATIVA

Considerando: os efeitos do estresse oxidativo no organismo, através da
acao das espécies reativas (ERs) em proteinas, lipideos e no DNA; o aumento
do numero de casos de depressdo ao redor do mundo e a necessidade de
novos farmacos com alta eficiéncia e poucos efeitos colaterais e; a
necessidade do desenvolvimento de novos medicamentos com potencial para
o tratamento da dor; € de grande importancia a busca por novas moléculas que
possuam estes efeitos farmacoldgicos. Além destes fatores, é importante
ressaltar que as propriedades antioxidante, antidepressiva e antinociceptiva do
Oleo essencial das folhas de E. uniflora L., de acordo com a literatura cientifica,

ainda nao foram descritas.



4. OBJETIVOS

4.1 Objetivo Geral

Avaliar o potencial farmacologico e toxicologico do 6leo essencial das

folhas de E. uniflora L.

4.2 Objetivos Especificos

Artigo #1

- Avaliar o potencial antioxidante in vitro do OE das folhas de E. uniflora
L., através da capacidade sequestrante de radicais livres sintéticos (DPPH e
ABTS), de radical hidroxil e 6xido nitrico, efeito tipo-superéxido dismutase
(SOD), potencial redutor do ion férrico e potencial quelante do ion ferroso;

- Estudar o efeito do OE na peroxidacdo lipidica induzida por
Ferro/EDTA no figado, rim e cérebro de camundongos;

- Determinar o efeito pré-oxidante do OE sobre a atividade da enzima
d —aminolevunilato desidratase (6-Ala-D) no figado, rim e cérebro de
camundongos;

- Investigar o potencial antibacteriano e antifingico do OE;

- Determinar a dose letal in vivo (DLsg) em camundongos em um
tratamento agudo (72 h) e avaliar os efeitos da administracdo oral do OE,
utilizando como parametros a peroxidacdo lipidica, a atividade das enzimas
d—Ala D e catalase e os niveis de acido ascorbico em figado, rim e cérebro de

camundongos;

Manuscrito #2

- Determinar o potencial hepatoprotetor e renoprotetor do OE frente a
um dano induzido por paracetamol em camundongos;

- Determinar o efeito genotoxico da administragéo orla do OE em células
de sangue periférico e medula éssea de camundongos;

- Avaliar o efeito in vitro do OE no ensaio DNA nicked;
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Manuscrito #3

- Investigar o potencial tipo antidepressivo do OE e estudar os
mecanismos envolvidos em camundongos;

- Estudar o efeito do OE na oxida¢éo do acido linoleico;

- Avaliar o efeito do 6leo essencial na peroxidacao lipidica induzida por

nitroprussiato de s6dio em estruturas cerebrais.
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5. APRESENTACAO E DISCUSSAO DOS RESULTADOS

Os resultados estdo apresentados na forma de trés artigos cientificos e
resultados complementares.

Artigo #1: “Oleo essencial das folhas de Eugenia uniflora L.
propriedades antioxidantes e antimicrobianas” (Essential oil of the leaves of
Eugenia uniflora L.: Antioxidant and antimicrobial properties). Nesse artigo foi
descrita a composicdo quimica, atividade antioxidante, efeito pro-oxidante,
toxicidade aguda em camundongos e atividade antimicrobiana do Oleo
essencial das folhas de Eugenia uniflora L.

Manuscrito #2: “Avaliacdo do potencial genotéxico e hepatoprotetor do
oleo essencial das folhas de Eugenia uniflora (Evaluation of the genotoxic and
hepatoprotective effect of the of Eugenia uniflora L. leaf essential oil). Este se
refere a avaliacdo do potencial genotoxico do 6leo essencial em células de
sangue periférico e medula 6ssea de camundongos atraves do ensaio cometa
e aos resultados obtidos com a administracdo oral do 6leo essencial frente a
um dano hepatico e renal induzidos pela administracdo de uma superdosagem
de acetoaminofeno (paracetamol) em camundongos. Foram determinados os
seguintes parametros bioquimicos: peroxidacéo lipidica, niveis de &-Ala-D,
catalase, tidis ndo proteicos (NPSH) e glutationa-S-transferase.

Manuscrito #3: “Envolvimento dos sistemas serotoninérgico e
adrenérgico no efeito antidepressivo e estudo complementar da atividade
antioxidante do 6leo essencial das folhas de Eugenia uniflora” (Involvement of
serotoninergic and adrenergic systems on the antidepressant-like effect and
further analysis of the antioxidant activity of E. uniflora L. leaves essential oil). O
estudo do efeito antidepressivo em camundongos envolveu o teste de
suspensao da cauda (TST); para isso, 0 0leo essencial foi administrado por via
oral, uma hora antes do teste. Além disso, foi realizado um estudo sobre os
possiveis mecanismos envolvidos no efeito antidepressivo, utilizando
antagonistas serotoninérgicos (WAY 100635, ketanserina e ondasetron) e
adrenérgicos (prazosina e yoimbina). Para estender o estudo sobre o efeito
antioxidante do 6leo essencial das folhas de Eugenia uniflora foram realizados

ensaios de oxidagdo do &cido linoleico e TBARS em estruturas cerebrais
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(cortex, hipocampo e cerebelo) as quais estdo relacionadas com a
patofisiologia da depresséo.

Os experimentos realizados neste trabalho estdo esquematizados na

figura 11.
‘ Folhas de E. uniflora |
l Hidrodestilagao
‘ Oleo essencial |
Artigo #1 Artigo # 1 Artigo # 1
Atividade | Efeito pro-oxidante | Atividade Potencial
antioxidante I I antimicrobiana farmacologico

| mviro | | Exvivo | | Hepatoprotetor |

I In vitro I I Ex vivo I E‘!E Artigo # 2

| | Fl'ga'do, rime p—
DPPH, ABTS, Peroxidacao cerebro g
FRAP, lipidica Artigo # 3
Quelante,
radical hidroxil, Antidepressivo -
oxido nitrico, Mecanismos
SODHike.

I I Vitamina C I Resultados
Complementares

Peroxidacao

lipidica — .
induzida I Ensaio cometa I Artigo # 2 AnhEIInDCIQEPtIVO -
(figado rim e ecanismas
cérebro) |
| | Anti-inflamatorio |
Oxidacdo do

acido linoleico
|

I DMNA nicked I Artigo # 2

Figura 11: Fluxograma dos experimentos realizados no trabalho.
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Essential oil (EO) of the leaves of Eugenia uniflora L. (Brazilian cherry tree) was evaluated for its antiox-
idant, antibacterial and antifungal properties. The acute toxicity of the EO administered by oral route was
also evaluated in mice. The EO exhibited antioxidant activity in the DPPH, ABTS and FRAP assays and
reduced lipid peroxidation in the kidney of mice. The EO also showed antimicrobial activity against
two important pathogenic bacteria, Staphylococcus aureus and Listeria monocytogenes, and against two
fungi of the Candida species, C lipolytica and C. guilliermondii. Acute administration of the EO by the oral
route did not cause lethality or toxicological effects in mice. These findings suggest that the EO of the
leaves of E. uniflora may have the potential for use in the pharmaceutical industry.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

A growing body of research in biology and medicine has been
devoted to reactive oxygen species (ROS). ROS are an inevitable
byproduct of cellular respiration, causing oxidation of lipids,
nucleic acids, and proteins, and ROS damage is an underlying cause
of disease, including cancer, inflammatory, and neurodegenerative
diseases (Bakkali et al., 2008). The cells have sophisticated antiox-
idant regulatory systems to maintain the proper balance of ROS.
However, disruption in homeostasis can result in oxidative stress
and tissue injury (Halliwell et al.,, 1995). Thus, it is believed that
exogenous antioxidant compounds could be employed to improve
situations in which oxidative damage is implicated.

Natural antioxidants are in high demand for application as
nutraceuticals, bio-pharmaceuticals, and food additives. In fact, in
recent decades, intensive research has been performed for the
extraction, characterization and utilization of natural antioxidants,
which may serve as potent candidates in combating the aging pro-
cess (Ozen et al., 2011). Essential oils (EOs) are volatile, natural,
complex mixtures composed of secondary metabolites that are
commonly concentrated in the leaves, bark or fruits of aromatic

# Corresponding authors. Tel./fax: +55 5332757533.
E-mail addresses: lenardao@ufpel.edubr (EJ. Lenarddo), lucielli@ufpel.edu.br
(L. Savegnago).

0278-6915/S - see front matter @ 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fct.2012.05.002

plants (Bakkali et al, 2008). They have recently received much
attention from researchers due to their multiple functions,
such as their antioxidant, antimicrobial, antifungal, antiviral,
antinociceptive, and anticancer activities (Bakkali et al., 2008). In
the pharmaceutical industry, EOs are employed as medicines or
as their coadjutants. In Brazil, examples of successful applications
include the EO obtained from Cordia verbenacea (Boraginaceae),
an anti-inflammatory medicine for topical use (Acheflan®) and
clove oil (Syzygium aromaticum, Myrtaceae), which is widely used
in dental care as a sealing component and as an antiseptic for oral
hygiene. As a coadjutant, the EOs are used to promote medicine
absorption, increasing penetration in the epidermis due to its
lipophilic characteristics (Amorim et al., 2009).

Eugenia uniflora L. (Myrtaceae), known as the Brazilian cherry
tree (or pitangueira), is a fruit-bearing tree widely distributed
throughout Brazil and is used in popular medicine as a diuretic,
anti-rheumatic, anti-febrile, and anti-inflammatory agent and as
a therapeutic agent for stomach diseases (Weyerstahl et al.,
1988). The Brazilian cherry tree leaves EO has been used by the
Brazilian cosmetics industry for its astringent properties, which
are associated with its pleasant smell. The main applications are
in shampoos, hair conditioners, face and bath soaps, body oils
and perfumes (Amorim et al., 2009). EOs obtained from the leaves
of E. uniflora L. have antifungal (Costa et al., 2010), antibacterial
and cytotoxic (Ogunwande et al, 2005), antinociceptive and
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hypothermic properties (Amorim et al., 2009). However, to the best
of our knowledge, no study on the antioxidant activity of EO from
the leaves of E. uniflora L. has been reported so far. Besides, there
has been remarkably little research concerning the antimicrobial
activity of this EQ against Bacillus cereus, Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa and Paracoccidioides
brasiliensis.

Thus, the aim of this study was to evaluate the antioxidant ef-
fects of EO from the leaves of E. uniflora and to analyze whether
it caused acute toxicity when administered to mice. Additionally,
studies were performed to evaluate the antimicrobial activity of
this EO against bacteria and fungi strains. These experiments were
performed to determine the usefulness of EO from the leaves of E.
uniflora as a phytomedicine.

2. Material and methods
2.1. Chemicals

1.1-Diphenyl-2-picryl-hydrazyl (DPPH), 3-(2-pyridyl)-5,6-bis(4-phenyl-sul-
fonic acid)-1,24-triazine, 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonate)
(ABTSS™), Folin-Ciocalteu's phenol reagent, 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ),
Ethylenediamine-tetraacetic acid (EDTA), ferrous chloride, sodium salicylate, fer-
rous sulfate, hydrogen peroxide, sodium carbonate and sodium hydroxide were
purchased from Sigma Chemical Co. (St. Louis, MO, USA). All chemicals were of
analytical grade.

2.2. Animals

Adult male Swiss mice (25-35 g) were used. The mice were kept in separate
animal rooms on a 12 h light/dark cycle at a temperature of 22 + 2 °C and with free
access to food and water. The mice were treated according to the guidelines of the
Committee on Care and Use of Experimental Animal Resources of the Federal Uni-
versity of Pelotas, Pelotas, Brazil.

2.3. Plant material and essential oil extraction

The leaves of the E. uniflora plant were collected from a research orchard (germ-
plasm collection of Embrapa Clima Temperado, Pelotas, RS, Brazil) in February and
March of 2011 in the morning. The EO of the leaves of E. uniflora was extracted by
hydro-distillation. The fresh leaves (600 g) were cut with scissors into small pieces
and put in a 2000 ml reaction flask. After 3 h of extraction the organic phase was
separated and dried over Na,S0, The distillations were performed in triplicate.
The chemical composition of the crude essential oil was evaluated using gas chro-
matography coupled with mass spectrometry (GC-MS).

2.4. Analysis of the EO

The identification and determination of the major chemical constituent ratio of
the essential oil was performed by GC-MS. The oil was dissolved in hexane, and the
injected sample volume was 1.0 pl. A Shimadzu GC-MS QP2010 and a Polyethylene
glycol (Carbowax), model Rtx-Wax (RESTEC) (30 m x 025 mm id., film thickness
0.25 um) capillary column were used for the analysis. The temperature was first
held at 40 °C, and then raised to 250 °C (10 min, 20 °C/min). The carrier gas was he-
lium at a flow rate of 3 ml/min. The components of the oil were identified based on
the comparison of their retention indices and mass spectra with the fragmentation
patterns from computer matching with the NIST/EPA/NIH /2005 library.

2.5. Antioxidative activity

2.5.1. Assays without tissue homogenates in the test tube

The 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical-scavenging assay was
performed in accordance with the procedure reported by Choi et al. (2002) with
some modifications. The 2,2-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid
(ABTS) radical-scavenging activity was evaluated as described by Re et al. (1999).
The values are expressed as percentages of DPPH and ABTS radical inhibition com-
pared to the control values (DMSO alone), as calculated from the following
equation:

1(%) = [(Ac — As/Ac) % 100],

where [is the radical inhibition, A, is the absorbance of the control reaction and A, is
the absorbance of the sample under analysis.

The Ferric ion reducing antioxidant power (FRAP) was measured according to
the method described by Stratil et al. (2006) with slight modifications.

2.5.2. Assays with tissue homogenates in the test tube

2.5.2.1. Tissue preparation. The mice were euthanized by cervical dislocation, and
the brain, liver and kidneys were rapidly removed, placed on ice, and homogenized
in 50 mM Tris-HCl at pH 7.4 (1/10 w/v), except for the brain that was homogenized
in 1/5, w/v). The homogenate was centrifuged for 10 min at 2400 rpm to yield a pel-
let that was discarded and a low-speed supernatant (S, ) for each tissue, which was
used for lipid peroxidation and &-Ala-D activity assays.

2.5.2.2. Lipid peroxidation assay. Among the lipid peroxidation products used for
antioxidant assays, malondialdehyde (MDA) has been most widely used to evaluate
the antioxidant activity of chemicals in lipid peroxidation systems. In this work,
MDA formation was used as a marker of lipid peroxidation according to the method
reported by Ohkawa et al. (1979). In our study, Fe** and EDTA (at a final concentra-
tion of 1.4 mM and 500 uM) were used.

2.5.2.3. Pro-oxidant effect: é-aminolevulinate dehydratase (4-Ala-D) activity. s-Ala-D
is a sulfhydryl-containing enzyme and numerous metals and other compounds that
oxidized sulfhydryl groups modified its activity. Cerebral, hepatic and renal §-Ala-D
activities were assayed according to the method of Sassa (1982) by measuring the
rate of product (porphobilinogen) formation, except that 84 mM PBS (pH 6.4) and
2.5 mM aminolevulinic acid were used.

2.6. In vivo experiments

2.6.1. Acute toxicity

To investigate the potential acute toxicity caused by the leaf essential oil of E.
uniflora L, the mice received a single oral dose of the EQ (10-200 mg/kg) or a vehi-
cle (10 ml/kg of canola oil). After administration, the animals were observed for up
to 72 h (at the interval of 24 h) to determine the lethal dose (LDsp) of the EQ. Body
weight gain was recorded as a sign of general toxicity. After 72 h of exposure, the
mice were euthanized by cervical displacement, and the brains, livers and kidneys
were removed, homogenized and centrifuged. The §; was separated and used for
ex vivo analysis of TBARS and ascorbic acid levels as well as the 6-Ala-D and catalase
activities.

2.7. Ex vivo experiments

The low-speed supernatants (5;) of liver, kidney and brain tissue were used for
the thiobarbituric acid-reactive species (TBARS) assay according to the method re-
ported by Ohkawa et al. (1979). The assays were performed as described in the sec-
tion on in vitro experiments, except that the EO was not added to the reaction
medium.

The é-Ala-D activity was assayed according to the method reported by Sassa
(1982) using the S, of liver, kidney or brain tissue, and the assays were carried
out as described in the section on in vitro experiments, except that the EO was
not added to the reaction medium.

The Catalase (CAT) activity was assayed spectrophotometrically by the method
of Aebi (1984), which involves monitoring the disappearance of H20; in the homog-
enate at 240 nm. The enzymatic activity was expressed in units of U CAT/mg
protein.

The vitamin C determination was performed as described by Jacques-Silva et al.
(2001) with some modifications and the protein content of the §; was measured
according to the method reported by Lowry et al. (1951) using bovine serum albu-
min (BSA) as a standard.

2.8. Antimicrobial activity

2.8.1. Antibacterial activity

The following bacterial strains were used in all the antimicrobial assays: Listeria
monocytogenes 138 ATCC 19117, Salmonella Typhimurium ATCC 14028 and S. aureus
139 ATCC 27664. All strains were obtained from the American Type Culture Collec-
tion 140 (Rockville, MD, USA) and were maintained in soft Tryptic Soy Agar (TSA) at
4°C.

The screening of the antibacterial activity of EO was made by the agar diffusion
methed according to the National Committee of Clinical Laboratory Standards pro-
tocol (NCCLS, 2003). Discs of sulfazotrin and cephalotin were used as positive
controls.

The minimum inhibitory concentration (MIC) of the EQ was determined using
the broth microdilution method, according to the method of NCCLS (2003), with
a slight modification.

2.8.2. Antifungal activity

The tested fungal, Candida albicans, Candida parapsilosis, Candida guilhermondii,
Candida globosa, Candida lipolytica, Cryptococcus laurentii and Trichosporon asahii,
were obtained from the Department of Microbiology at the Federal University of
Pelotas. Fungal strains were maintained on Potato Dextrose (PD) agar. Fungal cul-
tures were subcultured (1% inoculum) in PD broth at 35 °C for at least 2-4 days
before being used in the screening assays.
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The minimum inhibitory concentration (MIC) of EO was determined according
to the method of NCCLS (2002). The EO was tested in concentrations ranging from
500 to 0.85 pg/ml, and the assays were repeated in their entirety to confirm the re-
sults. The MIC was recorded as the lowest concentration of the EO that inhibited the
fungal growth.

2.9. Statistical analysis

Experimental results were given as the mean + standard deviation (SD) to show
variations among groups. Statistical analyses were performed using one-way ANO-
VA followed by the Newman-Keuls multiple comparison test when appropriate. All
in vitro tests were performed at least three times in duplicate. For the in vivo assays,
six to eight animals were used per group. The ICs, values (concentration of sample
required to scavenge 50% of the free radicals) were calculated from the graph of the
scavenging effect percentage versus the compound concentration. Differences were
considered statistically significant at a probability of less than 5% (p < 0.05).

3. Results and discussion
3.1. Chemical composition of the EO

The essential oil of Brazilian cherry tree leaves was analyzed by
GC/MS. The mass fragmentation pattern of the chemical constitu-
ents, their molecular range and linear retention indices (LRI) per-
mitted the identification of the major constituents of the EO.

The E. uniflora L. EO has oxygenated and non-oxygenated ses-
quiterpenes as the major constituents, with a prevalence of the
non-oxygenated species (Fig. 1). The major components identified
were germacrenes 5-7 and seline-1,3,7-(11)-trien-8-one oxide 3.
These findings are in partial agreement with other works describ-
ing the chemical composition of the essential oil from E. uniflora
(Weyerstahl et al., 1988; Amorim et al., 2009; Costa et al., 2010;
Oliveira et al., 2006).

Despite aslight variationin their chemical compositions, the pre-
dominance of sesquiterpenes in E. uniflora EOs was confirmed, ex-
cept in an Argentine specimen, rich in monoterpenes (Lago et al.,

curzerena (1)

2011; Amorim et al.,, 2009; Weyerstahl et al., 1988; Urbiergo et al.,
1987). Concentration changes of these metabolites seem to be due
to chemotypes, geographical origin, and seasonality and to the use
of different oil extraction methods (Burt, 2004). There is a consider-
able variety in the concentration of these constituents when com-
paring essential oils from different origins and even a lack of these
compounds. For instance, in a recent study, performed by Lago
et al. (2011), selina-1,3,7(11)-trien-8-one 4 was not detected in
the leaves EO ofE. uniflora, in contrast with observed by us and others
(Weyerstahl et al.,, 1988; Amorim et al., 2009; Costa et al., 2010).

3.2. In vitro results

3.2.1. Antioxidative activity

There are many different methods for determining antioxidant
function, each of which depends on a particular generator of free
radicals, acting by different mechanisms (Huang et al,, 2005).

In this study, the EO of E. uniflora L. showed DPPH scavenging
activity, as observed in Fig. 2a, and the ICsp value was
833.3 £ 20.7 pg/ml. This ICsp value is comparable with other find-
ings described in the literature for terpenoid-rich EOs, such as Lyc-
opus lucidus Turcz and Thymus algeriensis, which showed
scavenging activity against the DPPH radical with 1Csq values of
950 and 800 pg/ml, respectively (Yu et al., 2011; Zouari et al.,
2011),

Regarding the major compounds of the leaf EO of E. uniflora L.,
there has been remarkably little research about its bioactivity. A
literature survey revealed that germacrene D 7 is a strong antiox-
idant due to its extra cyclic methylene moiety and that p-caryo-
phyllene 2 possesses free-radical scavenging activity as
determined by the DPPH assay (Damien et al., 2010). However,
the antioxidant effect of essential oils cannot be attributed to their
major constituents because minor compounds are likely to play a

[-cariophyliene (2) seline-1,3,7-trien-8-one exide (3) seline-1,3,7-trien-8-one (4)

s

germacrene A (5)

19.3

% of Major
Constituents

germacrene B (6)

germacrene D (7)

21.2

1

Major Constituents

Fig. 1. Chemical composition of the Eugenia uniflora L essential oil.
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significant role in the observed activity, and synergistic effects
have also been reported (Peschel et al., 2006).

The ABTS coloring method is another commonly used assay to
evaluate the antioxidant activity of different substrates in vitro.
Reduction of ABTS radical cations can be even more efficient than
that of DPPH" (Barreca et al., 2011). The ABTS radical scavenging
activity of E. uniflora L. leaf EO is depicted in Fig. 2b, and this result
demonstrated that the EO has a good ability to scavenge ABTS rad-
icals, displaying an 1Csq value of 8.1 £ 0.20 pg/ml.

Comparing the ICsq values of the ABTS (8.1 pg/ml) with those of
DPPH (833 pg/ml) assays, it is possible to propose that the E. unifl-
ora L. essential oil was more potent in the ABTS assay, suggesting
that the mechanism of its antioxidant activity is principally based
on single electron transfer.

Many reports have demonstrated that the reducing power of
natural plant extracts and essential oils might be strongly corre-
lated with their antioxidant activities (Stratil et al., 2006). Thus,
based on this evidence, the FRAP assay was also used to determine
the reducing power of the EO of the leaves of E. uniflora L. to eluci-
date the relationship between its antioxidant effect and its reduc-
ing power. As shown in Fig. 2c, the EOQ exhibited ferric-reducing
ability, and the reducing power was improved by increasing its
concentration. This result is in agreement with the findings from
the ABTS assay and confirms that the antioxidant power of the
EO can be due to electron transfer.

The correlation coefficient was also established among the dif-
ferent antioxidant activity assays by a linear regression analysis.
Among the methods used for quantifying the antioxidant activity,
the correlations between ABTS, DPPH and FRAP are shown in Ta-
ble 1. The correlation coefficients of the DPPH radical scavenging
capacity and both the FRAP and ABTS assays taken together were
0.96 (p<0.001) and 0.94 (p <0.001), respectively. The FRAP and
ABTS assays also showed significant correlations (R®=0.80). In
addition, the significant correlation (R = 0.80) between the ICsq
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Table 1
Linear correlation coefficients, R for the relationship between the DPPH, ABTS and
FRAP assays for the leaf EO of Eugenia uniflora L.

DPPH (ICsq) ABTS (IC50)
ABTS (ICs0) 0947 -
FRAP (at 100 pg/ml) 096" 0.80°*

Asterisk represents significant effect (p <0.001).

values (DPPH and ABTS) and the values of the reducing power sug-
gested that the components present in the EO that are capable of
scavenging DPPH and ABTS radicals are also able to reduce ferric
ions.

Furthermore, it has been demonstrated that the three different
assays employed (DPPH, ABTS and FRAP), even though they are all
ET-based (electron transfer) rather than HAT-based (hydrogen
atom transfer) antioxidant tests, may yield different results, owing
to their individual mechanisms and kinetics of radical inactivation
and to the different pH values at which they are carried out (Huang
et al., 2005).

Excessive production of free radicals can generate a lipid perox-
idation chain reaction and lipid peroxidation, which are responsi-
ble for pathological disorders. In this study, we demonstrated
that Fe?*/EDTA can induce lipid peroxidation in mice tissue
homogenates in vitro (data not shown). However, in the present
study, E. uniflora L. EO at all the tested concentrations did not
reverse damage caused by the Fe?/EDTA system on TBARS in the
liver, kidney and brain (data not shown).

3.2.2. Pro-oxidant effect: 5-Ala-D activity

d-Ala-D is a sulfhydryl-containing enzyme that is inhibited by a
variety of sulfhydryl reagents (Sassa, 1982). In this study, the
Brazilian cherry EO did not alter the enzyme activity in liver, kid-
ney and brain of mice.
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Fig. 2. Antioxidant activities of the leaf EO of Eugenia uniflora L: (A) DPPH radical-scavenging activity. The values are expressed in percentage of inhibition in relation to a
control without essential oil. The mean value of absorbance (517 nm) of the control is 0.73 £ 0.30. (B) ABTS radical-scavenging activity. The values are expressed in percentage
of inhibition in relation to a control without essential oil. The mean value of absorbance (734 nm) of the control is 0.58 + 0.02. Each value is expressed as a mean +SD (n=4).
(C) Ferric ion reducing antioxidant power (FRAP). The values are expressed in absorbance; the mean value of abserbance (593 nm) of the control is 0.17 + 0.02. Each value is
expressed as the mean + 5D (n=4). *“p < 0.001 when compared with the respective control without essential oil (one-way ANOVA followed by the Newman-Keuls multiple

comparison test when appropriate).
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Table 2

Effect of acute treatment with leaf EO of Eugenia uniflora L. on the §-Ala-D and catalase activities and on the ascorbic acid levels.

Dose (mg/kg) &§-Ala-D (nmol PBG/mg protein)

Catalase (Ucat/mg protein)

Ascorbic acid (pg AA/g tissue)

Liver Kidney Brain Liver Kidney Brain Liver Kidney Brain
0 (control) 286+9.0 1.35+0.20 127 +£0.50 1.33+0.18 0.54+0.11 0.25 +0.01 762.2 £ 6.60 733.9+4.51 766.4 +6.61
10 2560+ 8.20 1.40+0.18 140+ 0.56 1.63 £0.32 0.70+0.08 0.35 +0.05 755.6 £3.72 731.6 £ 6.65 754.0+1.29°
50 2420+ 6.80 1.23+0.14 153 +£046 2.10+026 0.72+0.08 037 £0.09 7555+£533 733.5+6.10 759.7 +2.53
100 27.11+3.00 1.47 £0.28 131+£051 1.801 045 0.76 + 0,08 0.33 1+ 0.06 755.1 £ 6.60 7343+ 5.60 75354575
200 15.2049.50 1.30+0.31 124+0.56 1.82+0.75 0.66+0.13 035+0.13 757.7 £4.10 732.6+5.05 759.5 +0.80

“The values were analyzed by one-way ANOVA, each value is expressed as the mean + SD (n =6). Asterisks represent significant effects (*p < 0.05; **p < 0.01) compared with

the respective control.

3.3. In vivo experiments

3.3.1. Acute toxicity

A single oral administration of E. uniflora L. leaf EO at 10, 50, 100
and 200 mg/kg did not cause death in any animal when compared
to the control group (canola oil). The LDsg value obtained for the EO
certainly is greater than 200 mg/kg given that lethality was not ob-
served at that dose. The administration of EO at these doses did not
cause significant reduction in the body weight when compared to
the control group (data not shown).

3.4. Ex vivo experiments

3.4.1. Lipid peroxidation

The levels of TBARS after oral exposure to Brazilian cherry EO
changed at doses between 10 and 200 mg/kg, demonstrating the
significant ability of the EO to reduce lipid peroxidation in the kid-
ney. However, the acute exposure of EO in mice did not have any
effect on the liver and brain (Fig. 3). These data suggest that the
EO does not cause any oxidative stress in mice tissue after acute
treatment, thought it reduces the levels of TBARS in mice kidneys.
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3.4.2. 5-Ala-D activity

The hepatic, renal and cerebral 8-Ala-D activities were not af-
fected by treatment with E. uniflora L. EO. This is the first report
on the toxicological parameters of this EQ, and the data show that
it is not toxic to the liver, brain and kidney of mice. Ogunwande
et al. (2005) study the toxicity of the EO from the leaves and fruits
of E. uniflora L. in other experimental model and the results re-
vealed cytotoxicity towards the PC-3 and Hep G2 human tumor
cell lines and complete inhibition of the growth of Hs578T.

3.4.3. Catalase activity

CAT activity was not altered in the liver, kidney or brain of mice
treated with the EO at any of the tested doses when compared to
the control group.

3.4.4. Vitamin C levels

Ascorbic acid is always considered a marker of oxidative stress,
and a decrease in its content might indicate an increase in oxida-
tive stress (Jacques-Silva et al., 2001). Exposure to E. uniflora L.
EO did not alter vitamin C levels in the liver, kidney or brain.
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Fig. 3. Effect of the leaf EO of Eugenia uniflora L on lipid peroxidation in the liver (A), kidney (B) and brain (C) of mice. Each value is expressed as the mean + SD (n = 6).
Asterisks represent significant effects (*p < 0.05) compared with the respective control (C) without essential oil by one-way ANOVA followed by the Newman-Keuls multiple

comparison test when appropriate.
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Table 3
Antibacterial activity of leaf EO of Eugenia uniflora L.

Bacteria Inhibition zone (mm)
Eugenia uniflora Sulphadiazine Cephalotine

L. monocytogenes 18 +£3.27 30 24
S. aureus 26+7.00° 36 40
E. coli 1006 28 32
S. dysinteriae NA 30 26
P. aeruginosa 8105 22 27
S. enteritidis NA +H 28
A. hidrophylla 13+3.0 20 24

The values were analyzed by one-way ANOVA, followed by the Newman-Keuls
multiple comparison test, each value is expressed as the mean + SD (n = 3). Aster-
isks represent significant effects (*p<0.05; **p < 0.001) when compared with the
respective diameter of the paper disk (6 mm).

NA - non active.

The concentrations of EO, sulphadiazine and cephalotine used were 435 mg/disk, 5
and 5 pg/disk, respectively.

Table 4

Antifungal activity of leaf EO of Eugenia uniflora L.
Fungi MIC (pg/ml)*
C. albicans 2083+72.1
C. globosa 18751721
C. guilhermondi 109.4+31.2
C. parapsilosis 2083+72.1
C. lipolytica 93.7 £36.1
T. asahii 31254125
C. laurenthi 20831721

Each value is expressed as mean + SD (n=3).
4 MIC = minimal inhibitory concentration.

3.5. Antimicrobial activity

In this study, we screened the antimicrobial activity of the E.
uniflora L. leaf EQ against eight bacteria in the disk diffusion assay
(Table 3). For comparison, sulphadiazine and cephalotine were
used as standards. The EO showed activity statistically different
against two gram positive strains: L. monocytogenes and S. aureus
when compared with the diameter of the disk (negative control).
However, when the Gram-negative strains were subject to the
EO, no activity was observed. This gram-positive-specific activity
was also observed for other EOs (Lago et al., 2011; Tiwari et al,,
2009; Gutierrez et al., 2008; Burt, 2004). In other study, however,
the EO of E. uniflora L was not gram-specific, presenting antibacte-
rial activity against Bacillus cereus (gram-positive), S. aureus (gram-
positive), E. coli (gram-negative) and P. aeruginosa (gram-negative)
(Ogunwande et al., 2005).

In agreement with our results from the disk diffusion assay, the
results on the minimum inhibitory concentration (MIC) determina-
tion indicated that the EO had the lower MIC values for S. aureus
(0.8 mg/ml) and L. monocytogenes (1.04 mg/ml), two gram-positive
bacteria. Delamare et al. (2007) studied the antibacterial activity of
EO of Salvia officinallis cultivated in South Brazil and according to
this study, the MIC against S. aureus was between 5.0 and
10.0 mg/ml. Thus, the EO of E. uniflora is more effective on the
growth inhibition of S. aureus than the S. officinallis EO. Another
essential oil with antibacterial activity against S. aureus and L. mon-
ocytogenes is the EO of Brazilian species of Cunila. Among the stud-
ied species, the Cunila galioides showed lower values of MIC: 0.62
and 1.25 mg/ml for 5. aureus and L. monocytogenes, respectively
(Sandri et al., 2007).

In our study about antifungal activity, EO presented MIC values
ranging from 93.7 to 312.5 pg/ml (Table 4). The antifungal activity
of E. uniflora EO was also evaluated against C. albicans and C par-
apsilosis by others (Lago et al, 2011), showing MIC values of

1800 and 3750 pg/ml, respectively, while in our study MIC values
of 208 pg/ml were founded for both strains (Table 4). The presence
of germacrene 5-7 and seline-1,3,7-trien-8-one 4 have been re-
ported as being responsible by the antifungal activity of E. uniflora
EO (Costa et al., 2010).

4. Conclusion

Essential oils are, from the chemical point of view, quite com-
plex mixtures composed of several tens of components, and this
complexity often makes it difficult to explain the properties of
the EO. However, essential oils are a source of natural components
with promising pharmacological properties, and for this reason, re-
search into their properties is ongoing. The essential oil of the
leaves of E. uniflora L. showed antioxidative activity in three differ-
ent assays, establishing authenticity for the results. Furthermore,
the essential oil presented a LDsg higher than 200 mg/kg in mice
and antimicrobial activity against bacteria and fungi strains. More
studies are necessary to elucidate the mechanism of action of the E.
uniflora L. EO aiming future applications as a phytomedicine.

Conflict of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

This work was supported by CNPq (Grant 472644/2010-6), FIN-
EP, CAPES and FAPERGS (PRONEX 10/0027-4 and 10/0005-1, PqG
1012043 and 11/0881-2).

References

Aebi, H., 1984. Catalase ‘“in vitro'. Methods Enzymol. 105, 121-127.

Amorim, A.CL., Lima, CKF, Hovell, A.M.C.,, Miranda, A.LP., Rezende, C.M., 2009.
Antinociceptive and hypothermic evaluation of the leaf essential oil and
isolated terpenoids from Eugenia uniflora L. (Brazilian Pitanga). Phytomed. 16,
923-928.

Bakkali, F., Averbeck, S., Averbeck, D., Idaomar, M., 2008. Biological effects of 287
essential oils: a review. Food Chem. Toxicol. 46, 446-475.

Barreca, D., Bellocco, E., Caristi, C., Leuzzi, U., Gattuso, G., 2011. Elucidation of the
flavonoid and furocoumarin composition and radical-scavenging activity of
green and ripe chinotto (Citrus myrtifolia Raf.) fruit tissues leaves and seeds.
Food Chem. 129, 1504-1512.

Burt, S., 2004. Essential oil: their antibacterial properties and potential applications
in foods - a review. Int. ]. Food Microbiol. 94, 223-253.

Choi, CW., Kim, 5.C, Hwang, S.5., Choi, BK., Ahn, H]., Lee, M.Y., Park, 5.H., Kim, S.K,,
2002. Antioxidant activity and free radical scavenging capacity between Korean
medicinal plants and flavonoids by assay-guided comparison. Plant Sci. 163,
1161-1168.

Costa, D.P.,, Alves Filho, E.G., Silva, LM.A, Santos, S.C,, Passos, XS., Silva, M.RR,
Seraphin, J.C., Ferri, P, 2010. Influence of fruit biotypes on the chemical
composition and antifungal activity of the essential oils of eugenia uniflora
leaves. ]. Braz. Chem. Soc. 21, 851-858.

Damien, D.H.J., Christina, F.A., Jose, BAG., Stanley, D.G., 2010. In vitro evaluation of
antioxidant activity of essential oils and their components. Flav. Frag. ]. 15, 12—
16.

Delamare, LA.P., Moschen-Pistorello, LT., Artico, L., Tti-Serafini, L, Echeverrigaray,
S.. 2007. Antibacterial activity of the essential oils of Salvia efficinallis L. and
Salvia triloba L. cultivated in South Brazil. Food Chem. 100, 603-608.

Gutierrez, |, Rodrigues, G. Barry-Ryan, C., Bourke, P, 2008. Efficacy of plant
essential oils against foodborne pathogens and spoilage bacteria associated
with ready-to-eat vegetables. Antimicrobial and sensory screening. |. Food Prot.
71, 1846-1854.

Halliwell, B., Murcia, M.A,, Chirico, S., Aruoma, O.L, 1995. Free radicals and
antioxidants in food and in vivo: what they do and how they work. Crit. Rev.
Food Sci. Nutrit. 35, 7-20.

Huang, D.J., Ou, BX,, Prior, R.L, 2005. The chemistry behind antioxidant capacity
assays. ]. Agric. Food Chem. 53, 1841-1856.

Jacques-Silva, M.C., Nogueira, C.W,, Broch, L.C, Flores, EM., Rocha, |BT. 2001.
Diphenyl diselenide and ascorbic acid changes deposition of selenium and
ascorbic acid in liver and brain of mice. Pharmacol. Toxicol. 88, 119-125.

Lago, ] H.G., Souza, E.D., Mariane, B., Pascon, R., Vallin, M.A., Martins, R.C.C., Baroli,
A., Carvalho, B.A,, Soares, M.G., Santos, R.T., Sartorelli, P.,, 2011. Chemical and

53



2674 F.N. Victoria et al./Food and Chemical Toxicology 50 (2012) 2668-2674

biological evaluation of essential oils from two species of myrtaceae-Eugenia
uniflora L and Plinia trunciflora (0. Berg) Kauser. Molecules 16, 9827-9837.

Lowry, OH., Rosemburg, NJ., Farr, A.L, Roudall, R,, 1951. Protein measurement with
folin-phenol reagent. ]. Biol. Chem. 193, 265-275.

NCCLS (Mational Committee of Clinical Laboratory Standards), 2003. 328
Antimicrobial Disk Susceptibility Test. Approved Standards. third ed. M2-A8.

NCCLS (National Committee of Clinical Laboratory Standards), 2002. In: National
Committee for Clinical Laboratory Standards. Reference method for broth
dilution antifungal susceptibility testing of yeasts: proposed standard. M27-A2.

Ogunwande, LA, Olawore, N.O., Ekundayo, O., Walker, T.M., Schmidt, J.M., Setzer,
W.N., 2005. Studies on the essential oils composition, antiba al and
cytotoxicity of Eugenia uniflora L Int. J. Arom. 15, 147-152.

Ohkawa, H., Ohishi, N., Yagi, K., 1979. Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal. Biochem. 95, 351-358.

Oliveira, AL, Lopes, R.B., Cabral, F.A., Eberlin, M.N., 2006. Volatile compounds from
pitanga fruit (Eugenia uniflora L.). Food Chem. 99, 1-5.

Ozen, T., Demirtas, L, Aksit, H., 2011. Determination of antioxidant activities of
various extracts and essential oil compositions of Thymus praecox subsp.
skorpilii var. skorpilii. Food Chem. 124, 58-64.

Peschel, W., Sdnchez-Rabaneda, F., Diekmann, W, Plescher, A, Gartzy, I, Jiménez,
D., 2006. An industrial approach in the search of natural antioxidants from
vegetable and fruit wastes. Food Chem. 97, 137-150.

Re, R., Pellegrini, N., Proteggente, A, Pannala, A., Yang, M., Rice-Evans, C., 1999.
Antioxidant activity applying an improved ABTS radical cation decolorization
assay. Free Rad. Biol. Med. 26, 1231-1237.

Sandri, LG., Zacaria, ]., Fracaro, F., Delamare, A.P.L, Echeverrigaray, S., 2007.
Antimicrobial activity of the essential oils of Brazilian species of the genus of
Cunila against foodborne pathogens and spoiling bacteria. Food Chem. 103,
823-828.

Sassa, S., 1982. Delta-aminolevulinic acid dehydratase assay. Enzyme 28, 133-
145.

Stratil, P., Klejdus, B, Kuban, V., 2006. Determination of total content of phenolic
compounds and their antioxidant activity in vegetables - evaluation of
spectrophotometric methods. ]. Agric. Food Chem. 54, 607-616.

Tiwari, B.K., Valdramidis, V.P., O'Donnell, C.P., Muthukumarappan, K., Bourke, P.,
Cullen, P.J., 2009. Application of natural antimicrobials for food preservation. J.
Agric. Food Chem. 57, 5987-6000.

Urbiergo, G., Taher, H.A,, Talenti, E.C,, 1987. Chemical composition of essential oil of
Eugenia Uniflora. An. Ass. Quim. Argent. 75, 377-379.

Weyerstahl, P., Marschall-Weyerstahl, H., Christiansen, C., Oguntimein, O., Adeoye,
A.0., 1988. Volatile constituents of Eugenia uniflora leaf oil. Planta Med. 54, 546-
549.

Yu, ], Lei, ], Zhang, X., Yu, H., Tian, D., Liao, Z., Zou, G., 2011. Anticancer, antioxidant
and antimicrobial activities of the essential oil of Lycopus lucidus Turcz. Var.
hirtus Regel. Food Chem. 126, 1593-1598.

Zouari, N., Fakhfakh, N., Zouari, S., Bougatef, A., Karray, A., Neffati, M., Ayadi, MA.,
2011. Chemical composition, angiotensin I-converting enzyme inhibitory,
antioxidant and antimicrobial activities of essential oil of Tunisian Thymus
algeriensis Boiss. et Reut. (Lamiaceae). Food Bioprod. Proc. 89, 257-265.

54



5.2 Avaliacao do potencial genotéxico e hepatoprotetor do oleo essencial

das folhas de Eugenia uniflora

O seguinte trabalho foi submetido para o periddico Phytomedicine,

sendo assim esta formatado de acordo com as normas da revista.

Evaluation of the genotoxic and hepatoprotective effect of the of

Eugenia uniflora L. leaf essential oil
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ABSTRACT

The goal of this work was evaluate the hepatoprotector activity of E.
uniflora leaves EO and its potential genotoxic effect in mice. The effects of the
essential oil on hepatic and renal injuries, induced by acetaminophen (AA),
were evaluated by analyzing the biochemical parameters: TBARS, 3-Ala-D and
catalase activities, NPSH, GST and plasmatic levels of AST and ALT. To
extend our studies on the toxicological effect of the EO, its effect on comet and
DNA nicked assays was evaluated. The exposure to AA increased lipid
peroxidation in liver and kidney, decreased the NPSH content in liver and the -
aminulevunilate dehydratase activity, and caused an increase on the
glutathione S-transferase activity on mice’s liver. AA also promotes an increase
on plasma AST and ALT activities. The E. uniflora leaves EO (200 mg/kg)
restored all of the biochemical parameters modified by the injury caused by the
AA on liver of mice and also decreased the levels of MDA on kidneys. The
results of comet assay demonstrated that the EO did not induce any genotoxic
damage in bone narrow and peripheral blood of mice and it also did not alter the
super coiled structure of plasmid on DNA nicked assay. This work shows for the
first time the effect of Eugenia uniflora leaves EO on attenuating the injury

caused by acetaminophen on mice and in the comet assay.

Key-words: essential oil, acetaminophen, oxidative stress, comet assay.
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Introduction

In recent years, essential oils (EOs) and their constituents have received
considerable attention due to their diverse pharmacological properties. A
growing interest has been observed in the evaluation of the EOs for their health
benefits, one of the main properties being its antioxidant activity, which enables
them to attenuate the development of tumor, inflammation and liver disease
(Bhadauria 2010). EOs can act as antioxidant agents by scavenging free
radicals and increasing antioxidants defenses (Bakkali et al. 2008; Victoria et al.
2012).

The leaves of E. uniflora are source of functional compounds (Bagetti et
al. 2009) and are used in folk medicine as antipyretic, stomachic, hipoglicemic
(Aurichio & Bacchi, 2003; Matsumura et al. 2003), and anti-inflammatory
(Weyerstahl et al. 1988).

The essential oil of leaves of E. uniflora has been studied with regards to
its antinociceptive and hypothermic activity (Amorim et al. 2009), antibacterial
and cytotoxic (Ogunwande et al. 2005) and antifungal action (Costa et al. 2009).
In a previous report our research group described the antioxidant, and
antimicrobial activity of this EO. Moreover, in that study we observed that the
acute administration of the E. uniflora leaves EO did not cause lethality or
toxicological effects in mice (Victoria et al. 2012).

Many studies have been conducted to investigate the effect of medicinal
and aromatic plants on human tissues and DNA damage (Bhouri et al. 2010;
Neffati et al. 2009), since many xenobiotics can damage DNA strands and
cause lipid peroxidation (Neffati et al. 2009). In fact, oxidation has been pointed
out as a fundamental cause of human DNA damage (Marnett 2000).

The damages caused by ROS are related with many diseases, like
cancer, heart disease, stroke, diabetes (Halliwell 2006) and also to hepatic
disorders (Loguercio 2003). The role of oxidative stress in hepatic disorders has
been studied since this is a world health problem (Vitaglione et al. 2004).

Acetaminophen (AA) is a commonly used and effective analgesic and
antipyretic agent for relieving mild and moderate pain, which is safely employed

at therapeutic dose (Dargan et al. 2002). The toxicity mechanism of AA in the
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liver is not fully understood, however several studies demonstrated that the
metabolization of this drug it is responsible by its toxic effects. In an over
dosage of AA, sulfation and glucuronidation become saturated, generating a
large amount of N-acetylbenzoquinone imine (NAPQI), which accounts for the
depletion of GSH (Dahlin et al. 1984). NAPQI in excess causes oxidative stress
and binds covalently to liver proteins (Jaeschke et al. 2003).

To the best of our knowledge, the effect of the E. uniflora leaves
essential oil on the hepatic and renal injuries induced by AA, and its genotoxic
potential on mice cells have not been reported. Hence, the aim of this study was
to evaluated the effects of the E. uniflora leaves EO on the hepatic and renal
damage caused by acetaminophen in mice. Furthermore, we analyze the
genotoxic effect of the EO by the comet assay, and its effect on DNA damage

by the DNA nicked assay.

Material and Methods

Animals

Adult male Swiss albino mice (25-35 g) were maintained in acclimatized
room (20-25 °C) under natural lighting conditions with water and food ad
libitum. The mice were treated according to the guidelines of the Committee on
Care and Use of Experimental Animal Resources of the Federal University of

Pelotas, Pelotas, RS, Brazil.

Chemicals
All reagents and chemicals were of analytical grade or higher purity and

obtained from standard commercial suppliers.

Plant Material and Essential Oil

The leaves of e E. uniflora were collected from a research orchard
(germplasm collection of Embrapa Clima Temperado, Pelotas, RS, Brazil) in
February and March of 2011 at the morning. The EO was extracted by hydro-
distillation. The fresh leaves were cut with scissors into small pieces and put in
a 2000 ml round botommed flask. After 3 h of extraction, the organic phase was

separated and dried over Na,SO4. The distillations were performed in triplicate.
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The chemical composition of the crude essential oil was evaluated using gas
chromatography coupled with mass spectrometry (GC-MS).

Analytical methods

The identification and determination of the major chemical constituents
ratio of the essential oil were performed by GC-MS. The oil was dissolved in
hexane, and the injected sample volume was 1.0 pl. A Shimadzu GC-MS
QP2010 and a polyethylene glycol (Carbowax), model Rtx-Wax (RESTEC) (30
m x 0.25 mm i.d., film thickness 0.25 um) capillary column were used for the
analysis. The temperature was first held at 40 °C, and then raised to 250 °C (10
min, 20 °C/min). The carrier gas was helium at a flow rate of 3 ml/min. The
components of the oil were identified based on the comparison of their retention
indices and mass spectra with the fragmentation patterns from computer
matching with the NIST/EPA/NIH/2005 library.

Experimental procedure

Hepatoprotective effect against AA-induced hepatotoxicity

To investigate the possible effect of the E. uniflora EO in restoring the
oxidative damage induced by acetaminophen (AA) in mice, the animals were
randomly divided in four groups with six to eight animals each.

Mice received a single oral dosage of AA (300 mg/kg, 10 ml/kg) or
vehicle (saline solution, 10 ml/kg) and after 30 min the EO (200 mg/kg) or
vehicle (canola oil, 10 ml/kg) were administered. After 24 h, the mice were
anesthetized with ether for heart blood puncture. Blood was collected in tubes
containing heparin and plasma was obtained by centrifugation. Liver and
kidneys were rapidly removed, dissected, kept on ice and homogenized in 50
mM Tris-HCI buffer pH 7.4 and then centrifuged to obtain the low-speed
supernatant S;. The plasma was used for determination of the activity of the
enzymes AST and ALT and the S; was used for determination of thiobarbituric
acid reactive species (TBARS), &-aminulevulinic acid dehydratase (5-Ala-D),
catalase and glutathione S-transferase activities and for the levels of non-
proteic thiols.

Group 1: Vehicle AA (saline solution) + Vehicle EO (canola oil)
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Group 2: AA (300 mg/kg) + Vehicle EO (canola oil)

Group 3: Vehicle AA (saline solution) + EO (200 mg/kg)

Group 4: AA (300 mg/kg) + EO (200 mg/kg)

The doses of the EO were chosen based on previous studies that show
that these doses do not have any toxic effects by the oral route (Victoria et al.
2012).

Biochemical parameters

Thiobarbituric acid reactive substance (TBARS) assay

Lipid peroxidation in liver and kidneys was performed by the formation of
TBARS during acid-heating reactions as previously described by Ohkawa
(1979). Malondialdehyde (MDA), which was formed as an end product of the
peroxidation of lipids, served as an index of the intensity of oxidative stress.
MDA reacts with thiobarbituric acid to generate a colored product that can be
measured optically at 532 nm.

d-Aminolevulinic acid dehydratase (5 -Ala-D) assay

d -Ala-D is extremely sensitive to the presence of pro-oxidants species,
which can oxidize its —SH groups during the oxidative stress. The [1-Ala-D
activity was assayed using the method of Sassa (1982) by measuring the rate
of porphobilinogen formation, except that 84 mM potassium phosphate buffer,
pH 6.4, and 2.5 mM aminulevulinic acid were used.

Non-protein thiol group assay
Non-protein thiol was analyzed by the method of Ellman (1959) with
modification described by Jacques-Silva (2001).

Catalase activity

CAT is an enzymatic antioxidant defense that is involved in protecting
against the injurious effects of reactive oxygen species (ROS). Catalase was
assayed spectrophotometrically by the method of Aebi (1984), which involves

monitoring the disappearance of H,O, in the S; at 240 nm.
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Glutathione S-transferase (GST)

GST appears to be an evolutionary response of cells for protection
against chemical toxicity and oxidative stress (RAZA et al. 2011). GST activity
was determined as described by Habig et al. (1974), through the conjugation of
glutathione with 1-chloro-2,4-dinitrobenzene (CDNB) at 340 nm.

Plasmatic AST and ALT activities

Plasma aspartate (AST) and alanine aminotransferase (ALT) were
quantified as biochemical endpoints of hepatotoxicity using commercial kits
(LABTEST, Diagnostica S.A., Brazil) and according to the method of Reitman
and Frankel (1957).

Protein Quantification
The protein content was measured according to the method of Lowry
(1951) using serum bovine albumin as a standard.

Effect of E. uniflora EO on basal lipid peroxidation

To extend the studies about the antioxidant potential of the EO, its effect
on the in vitro basal lipid peroxidation on liver and kidney was evaluated
according to the methodology of Ohkawa et al. (1979).

Comet assay

To evaluate the genotoxic effect of the E. uniflora EO, mice (n = 6
animals) were treated by gavage with a single dose of canola oil (negative
control, 10 mil/kg), EO (10, 100 and 500 mg/kg, p.o) and methyl
methanesulfonate (positive control, 200 mg/kg, p.0) and, after 24 h, the animals
were anesthetized to blood puncture and euthanized to collections of bone
narrow. The alkaline version of comet assay was performed according to Singh
et al. (1988) with slight modifications. The extent and distribution of DNA
damage indicated by the comet assay was quantified by visual classification of
cells into categories of ‘comets’ corresponding to the amount of DNA in the tail,
according to Anderson et al. (1994) with slight modification. One hundred cells

were visually categorized according to tail size into four types: (1) Type 0: no
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tail; (2) Type I: with a tail shorter than the head diameter; (3) Type II: with a tail
length 1-2 x the head diameter and (4) Type IlI: with a tail length 2-3 x the head
diameter. The total score for 100 comets was obtained by multiplying the
number of cells in each type by the number of the damaged type.

DNA nicked assay

The effect of E. uniflora leaves EO on DNA nicked was evaluated using
super coiled DNA of pCDNA3 plasmid (Invitrogen), according the method of Lee
et al. (2002) with modifications. A mixture of 5 ul of EO at different
concentrations (10-100 pg/ml) and plasmid DNA (1 pg) was incubated for 30
min at 37 °C. The final volume of the mixture was made up to 15 pl. The DNA
was analyzed on 1% agarose gel using blue-green® staining and photographed

ina Epi Ligth apparatus (Loccus Biotechnologia).

Statiscal analysis

The results are presented as mean + standard deviation (SD). Statistical
analysis was performed by the D’Agostino & Pearson omnibus normality test,
using one-way and two-way ANOVA, followed by the Newman-Keuls multiple
range test when appropriate. Difference was considered statistically significantly
at a probability of less than 5 % (p < 0.05).

Results

Chemical composition of the EO of E. uniflora

The essential oil of E. uniflora leaves was obtained in a 0.1% yield.
Seven compounds, representing 90% in weight of the essential oil have been
identified. As can be seen in Figure 1, the main compound of the essential oil of

E. uniflora is germacrene B, followed by seline-1,3,7-trien-8-one oxide.

62



o g — o}
L — X
curzerene (3.9%) B-cariophyllene (12.6%) seline-1,3,7,trien-8-one oxide (19.3%)
o — —
= =
A
4 |
seline-1,3,7 trien-8-one (9.7%) germacrene A (11.6%) germacrene B (21.2%) germacrene D (11.4%)

Figure 1: Major components of E. uniflora L. leaves EO

Biochemical parameters

Effect of the oral administration of AA and E. uniflora EO on thiobarbituric
acid reactive species (TBARS)

AA increased the lipid peroxidation on liver of mice, measured by the
amount of MDA levels in tissue, when compared with control group (p < 0.05).
The administration of the EO of E. uniflora (200 mg/kg) restored the effect
caused by the AA, when compared to the AA group (p < 0.05) (Figure 2A), by
decreasing the levels of lipid peroxidation on mice’s liver.

As can be seen on Figure 2B, the administration of AA increased
significantly the levels of MDA on the kidneys of mice, when compared to the
control groups (p < 0.01). E. uniflora EO decreased the levels of MDA in the
kidneys, founded before the administration of AA, when compared with control
group (p < 0.001). Two-way ANOVA of TBARS on kidneys of mice revealed a
significant AA x EO of E. uniflora interaction (F (1.16) = 13.87, p = 0.0018).
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Figure 2: Effect of treatment with E. uniflora leaves EO on (A) hepatic and (B)
renal TBARS levels of mice exposed to AA. Data are reported as mean = SD of
eight animals per group and were analyzed by two-way ANOVA followed by the
Newman-Keuls multiple range test. One asterisk represents significant effect (p
< 0.05) and two asterisks represents (p < 0.001) compared to the vehicle group.
(#) Denote significant difference (p < 0.001) from the AA group.

Effect of the administration of AA and E. uniflora EO on the [I-
Aminolevunilic acid dehydratase ([1-Ala-D) activity

Post-hoc comparison demonstrated that AA increased [1[1[JAla-D activity
in the liver of mice, when compared to the control group (p < 0.01). The
treatment of mice with EO of E. uniflora restored the activity of hepatic [1[1[JAla-
D, compared to the AA group (p < 0.05), as can be seen on Figure 3A.

The activity of 5-Ala-D in kidneys was not altered by the administration of
AA (Figure 3B).
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Figure 3: Effect of treatment with E. uniflora leaves EO on (A) hepatic and (B)
renal &-Ala-D activity of mice exposed to AA. Data are reported as mean = SD
of eight animals per group and were analyzed by two-way ANOVA followed by
the Newman-Keuls multiple range test. Two asterisks represents significant
effect (p < 0.01) compared to the vehicle group. (#) Denotes significant

difference (p < 0.001) from the AA group.

Effect of the administration of AA and E. uniflora EO on non-protein thiol
groups

AA decreased significantly the levels of NPSH in liver of mice, when
compared to the control group (p < 0.05). Moreover, the EO of E. uniflora
leaves reduced the toxic effect of AA, by increasing the levels of NPSH on liver
of mice, when compared to the AA group (p < 0.01). Two-way ANOVA of the
levels of NPSH on the liver of mice revealed a significant AA X EO of E. uniflora
(F (1.34) =5.31, p = 0.027), as shown on Figure 4A.

The administration of AA did not alter the levels of NPSH on the kidney of
mice (Figure 4 B).
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Figure 4: Effect of treatment with E. uniflora leaves EO on (A) hepatic and (B)
renal NPSH levels of mice exposed to AA. Data are reported as mean = SD of
eight animals per group and were analyzed by two-way ANOVA followed by the
Newman-Keuls multiple range test. One asterisk represents significant effect (p
< 0.05) compared to the vehicle group. (#) Denotes significant difference (p <
0.001) from the AA group.

Effect of the administration of AA and E. uniflora EO on GST activity

The activity of hepatic GST was significantly increased by the AA
administration when compared to the control group (p < 0.01). The
administration of EO of E. uniflora significantly decreased the activity of the
hepatic GST (p < 0.001), as showed on Figure 5A. Two- way ANOVA revealed
a significant AA X EO of E. uniflora interaction (F (1.25) = 14.49, p = 0.0008).

Renal GST activity was not altered by the AA administration (Figure 5B).
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Figure 5: Effect of treatment with E. uniflora leaves EO on (A) hepatic and (B)
renal GST activities of mice exposed to AA. Data are reported as mean + SD of
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eight animals per group and were analyzed by two-way ANOVA followed by the
Newman-Keuls multiple range test. Two asterisks represents significant effect
(p < 0.05) compared to the vehicle group. (#) Denote significant difference (p <
0.001) from the AA group.

Effect of oral administration of AA and E. uniflora EO on catalase activity
Catalase activity remained unaltered in the liver and kidney of mice that

received AA or EO (Data not show).

Effect of treatment with AA and E. uniflora EO on plasmatic AST and ALT
activities

Plasma AST, a hepatic damage marker, was significantly increased by
the AA administration, when compared to the control group (p < 0.001). Post-
hoc comparison demonstrated that the E. uniflora leaves EO decreased AST
activity (p < 0.001), when compared to the AA group, restoring the levels of
plasmatic AST to those found before the administration of AA (Table 1) Two-
way ANOVA indicated a significant AA X EO of E. uniflora interaction (F (1.29) =
12.47, p = 0.0014).

The levels of plasmatic ALT were increased by the AA administration,
compared to the control group (p < 0.001). The E. uniflora EO restored the
levels of ALT in plasma, when compared to the AA group, as can be seen on
Table 1. Two-way ANOVA revealed a significant interaction between AA X EO
(F (1.29) = 15.10, p < 0.0006).

Table 1. Effect of the treatment with AA and E. uniflora leaves EO on the

catalase activity and the plasmatic levels of AST and ALT in mice

CAT activity (U/mg ptn) ALT
Group : i AST (U/ml)

Liver Kidney (U/ml)
Control  2.27+0.36 1.05+0.73 31.54 £ 19.50

155.30 + 26.4

AA 1.81+0.63 0.9+0.50 230.40 £ 43.80*** 149.00 + 76.12***
EO 2.42+0.36 1.01+0.08 155.30 + 43.34 24.20 £ 13.80
AA+EO 2.17+0.16 0.80+0.21 155.60 + 28.90" 29.90 *+ 14.60"
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The data are expressed as mean * standard deviation (SD) (n= 6). The values were analyzed
by two-way ANOVA; three asterisks represents significant effect (p < 0.001) compared with

group 1 (control). # represents significant difference (p < 0.001) compared with group 2 (AA).

Effect of E. uniflora leaves EO on basal lipid peroxidation

The antioxidant effect of EO was evaluated on liver and kidney of mice.
The data show that EO reduced basal lipid peroxidation on liver of mice at
concentrations equal and higher than 50 pug/ml; however, in the kidneys the EO
did not increased lipid peroxidation levels, as can be seen on Table 2.

Table 2. Effect of E. uniflora L. leaves EO on basal lipid peroxidation

_ Lipid peroxidation (nmol MDA/g tissue)
Concentration

Liver Kidney
Control 791.8 £ 69.5 559.4 + 101.5
10 pg/ml 676.4 +112.6 580.1 + 154.4
50 pg/ml 393.5+109.6 * 561.6 £ 138.5
100 pg/mli 338.0+131.8* 343.2+177.9
500 pg/mi 291.6 £ 158.5 ** 418.6 + 140.6

The data are expressed as mean * standard deviation (SD) (n= 3). The values
were analyzed by one-way ANOVA; one asterisk represents significant effect (p
< 0.05) and two asterisks represents significant effect (p < 0.01) compared with

control.

Comet assay

The results obtained on comet assay on peripheral blood and bone
narrow are summarized on Table 3. In this study the oral administration of a
single dose of EO did not induces any genotoxic damage on the mice blood and
bone narrow cells at doses ranging from 10 to 500 mg/kg when compared to the
control group (canola oil). The positive control MMS, a genotoxic compound that
reacts with the more nucleophilic sites of DNA to form alkylated bases, caused
DNA damage in both, blood and bone narrow cells, when compared to the

control group, as can be seen on Table 3.

Table 3: Damage index of the comet assay in peripheral blood and bone narrow

of mice treated with a single dose of E. uniflora leaves EO
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The data are expressed as mean + standard error mean (SEM) (n= 6). The values of peripheral
blood were analyzed by Kruskal-Wallis, followed by the Dunn’s multiple comparison test, and
the data of bone narrow were analyzed by one-way ANOVA followed by the Newman-Keuls
multiple comparison test; two asterisks represents significant effect (p < 0.01) compared with
control group.

DNA nicked assay
E. uniflora leaves EO did not induces any change on super coiled form of

DNA in all tested concentrations (10 — 500 pg/ml), as can be seen on Figure 6,

Damage index (%)

Groups
Peripheral blood Bone narrow
Control 3.2+1.98 19.0+7.81
10 mg/kg 8.0+2.14 31.8+9.22
100 mg/kg 6.8 £ 1.53 50.2 + 14.90
500 mg/kg 5.6 +1.43 37.2+13.50
MMS (200 mg/kg) 127.0 £11.22 ** 143.7 + 44.8 **

lanes 3-10, comparing tolanes 11 and 12, that describe the damage caused by
Fe*?/ H,O, on super coiled DNA.

Figure 6: Effect of E. uniflora leaves EO on super coiled DNA. Lanes 1 and 2,
native super coiled DNA; lanes 3-4, PEG (vehicle); lanes (5-6): EO 10 mg/kg;
lanes 7-8, EO 100 mg/kg; lanes 9-10, EO 500 mg/kg and lanes 11-12, DNA +
FeSO, + H,0,.

Discussion

Here, we have shown that exposure to AA increases lipid peroxidation in
liver and kidney by enhancing TBARS and decreasing NPSH levels in liver of
mice. In addition, AA exposure also causes a decrease on the [1- aminulevunilic

acid dehydratase activity, and an increase on the glutathione S-transferase
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activity on mice’s livers. An increase on plasma AST and ALT activities also
was observed. Taken together, these results show the liver injury caused by AA
(300 mg/kg).

Furthermore, the administration of E. uniflora leaves EO (200 mg/kg)
restored all of the biochemical parameters modified by the injury caused by the
AA on liver of mice, and also decreases the levels of MDA on kidneys,
demonstrating the potential of the essential oil as a natural antioxidant.

A previous chemical report of the EO obtained of the leaves of E. uniflora
revealed that its major constituents were seline-1,3,7-trien-8-one and its oxide,
germacrones, furanodiene and curzerene (Weyerstah et al. 1988), with
prevalence of oxygenated and non-oxygenated sesquiterpenes. An exception
was observed in the E. uniflora tree from Argentine, which presented
monoterpenes as the major components (Henriques et al. 1993). Our findings
revealed that the major compounds of the E. uniflora leaves EO are:
germacrene B (21.2%), seline-1,3,7-trien-8-one oxide (19.3%), B-cariophyllene
(12.6%), germacrene A (11.6%), germacrene D (11.4%), seline-1,3,7-trien-8-
one (9.7%) and curzerene (4%), which accounts about 90 % of the EO total
content. Chemical variations on the E. uniflora EO composition may be a result
of different chemotypes, geographic and seasonality differences and the use of
diverse EO extraction methods (Burt et al. 2004).

The changes caused by the AA administration indicate a decrease in the
intracellular antioxidant capability, which can be, at least in part, responsible for
the oxidative stress. Previous studies showed that several factors could be
involved in the mechanism of pathophysiology of AA hepatotoxicity at the
cellular level. However, the role of oxidative stress was reported to be one of
the most important facts in the development of hepatic cell injury (Knight et al.
2001). These results are in agreement with recent evidences that demonstrate
that oxidative stress by the ROS production, lipid peroxidation, and
mitochondrial dysfunction are all involved in AA-induced hepatotoxicity
(Chandrasekaran et al. 2008; 2010).

In the present study, we have demonstrated that the oral administration
of a single dose of the E. uniflora leaves EO (200 mg/kg) reverts all the

toxicological parameters changed by the AA administration, like TBARS in liver
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and kidney, 5-Ala-D activity, NPSH and GST activity in liver. Moreover, the EO
reverted the levels of plasmatic AST and ALT.

Lipid peroxidation is known to have deleterious effects on structure and
function of cell membranes (Gupta et al. 1991). Considering that unsaturated
fatty acids, which undergo peroxidation, are important constituents of biological
membranes, structural and functional deterioration of biological membranes can
result in irreversible damages. The levels of malondialdehydes (MDA) were
significantly increased by the AA administration in liver and kidney; this increase
is in agreement with the finding by others (Avila et al. 2011; Katikova et al.
2002; Wilhelm et al. 2009). This finding supports the hypothesis that oxidative
damage, which is associated with lipid peroxidation, is a crucial step in AA
hepatotoxicity (Younes et al. 1986). The ability of the E. uniflora leaves EO to
reduce AA-induced lipid peroxidation might be a result of its antioxidant
properties (Victoria et al. 2012).

One important finding in this work was the observation that the E. uniflora
leaves EO neutralized the inhibitory effect of AA on [J-Ala-D activity. [1-Ala-D is
an enzyme susceptible to a variety of treatments that are associated with
oxidative stress and for this reason it is being used as a biomarker. In its active
site there are two cisteinyl residues that can be easily oxidized by several
agents (Farina et al. 2003; Nogueira et al. 2004). The mechanism underlying
the enzyme inhibition is not fully understood, probably, the reactive metabolite
of AA (NAPQI) can also react directly with essential-SH groups of [I-Ala-D,
inactivating the enzyme and causing oxidative stress, as demonstrated by
Rocha et al. (2005).

The effect of AA on non-protein-SH content is certainly related to
depletion of glutathione (GSH) that accounts for about 90 % of non-protein-SH
in liver (LeBoeuf and Hoekstra, 1983). In this study the levels of NPSH were
significantly reduced on the liver of mice treated with AA. Additionally, the E.
uniflora leaves EO abolished the decrease of liver NSPH. According to Rocha
et al. (2005), the depletion of GSH seems to be a cellular event that precedes
AA toxicity and reduction in liver SH groups is a common finding after AA

intoxication.
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We also found that AA increased the activity of GST, while the E. uniflora
leaves EO neutralized the increment on the enzyme activity. GST is a
multifunctional enzyme involved in cellular detoxification of endogenous
metabolites, superoxide radicals and exogenous toxic chemicals (Zimniak,
2006). The depletion of GSH and the increase of the GST activity are related
with liver mechanisms of AA detoxification, since GST catalyzes the conjugation
of GSH with xenobiotics, in this case, NAPQI (Raza, 2011).

The hepatic injury caused by AA was manifested by quantitative
elevation of serum AST and ALT. The plasmatic aminotransferase activities
have long been considered as sensitive indicators of hepatic damage (Molander
et al. 1955). In necrosis or membrane damage, the enzymes are released into
circulation and they can be therefore measured in serum (Sheeba et al. 2010).
ALT catalyzes the conversion of alanine to pyruvate and glutamate and is
released in a similar manner; ALT is more specific cytosolic enzyme for liver,
whereas AST is released into circulation in the early phase of injury, being less
specific to liver injury (Rej et al. 1978). Elevated levels of plasmatic enzymes
are indicative of cellular leakage and loss of functional integrity of cell
membrane in liver. The increased activities of AST and ALT in this study may
be interpreted as a result of the liver cells destruction or changes on the
membrane permeability, indicating the severity of hepato-cellular damage
induced by AA, which is in accordance with previous reports (Fakurazi et al.
2008; Wilhelm et al. 2009). In this study the increase of the levels of plasmatic
AST and ALT were reversed by the administration of E. uniflora leaves EO 30
min after the AA administration.

Taken together, our findings provide support for a hepatoprotective effect
of E. uniflora leaves EO in an AA-induced hepatotoxicity model in mice and
suggest a possible pharmacologic mechanism involved: the antioxidant action
of the EO.

To extend the studies and provide more information about the in vitro
antioxidative effect of the E. uniflora leaves EO, we evaluated its effect in the
basal lipid peroxidation on liver and kidneys of mice. The data demonstrated
that EO reduces the basal lipid peroxidation on liver of mice. These results are

in accordance with previous results of our group regarding the antioxidant effect
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of E. uniflora EO (Victoria et al. 2012) and it can also be related with the
mechanism of hepatoprotective effect of EO against a liver injury caused by
acetaminophen. Besides, many studies have described the action of several
antioxidants in many different models of acetaminophen intoxication (Avila et al.
2011, Wilhelm et al. 2009).

Previous studies have also indicated that some substances present in
medicinal plants are potentially toxic and carcinogenic (de Sé&-Ferreira and
Vargas, 1999), and it has also been reported that some traditional medicines
may have a genotoxic potential (Demma et al. 2009; Cavalcanti et al. 2006;
Romero-Jimenez et al. 2005). Assessment of the potential genotoxicity of
traditional medicines is indeed an important issue, since damage to genetic
material may lead to critical mutations and therefore to an increased risk of
cancer and other diseases (Demma et al. 2009). Thus, in this study we
demonstrated for the first time the effect of E. uniflora leaves EO on the comet
and DNA nicked assay.

The comet assay test is especially relevant for genotoxicity, because it
allow consideration of factors of in vivo metabolism, pharmacokinetics and DNA
repair process (Krishna et al. 2000). This test detects DNA strand breaks, alkali-
labile sites and incomplete excision repair events in individual cells. It is a rapid
and sensitive method for the detection of DNA damage induced in vitro or in
vivo by various agents in a variety of cells (Collins, 2004; Moller, 2006; Tice et
al. 2000). The mice exposed to different doses of EO did not present any DNA
damage in peripheral blood and bone narrow cells detected in this assay. In
addition, it was evaluated the effect of the EO on super coiled DNA. The results
demonstrated that the E. uniflora leaves EO did not induces any brake on super
coiled DNA, indicating no oxidative damage. Taking together, the data of DNA
nicked and comet assay, it is possible infer that the EO does not induce

oxidative damage and toxic effects on prokaryotic and eukaryotic DNA.

Conclusion
In summary, the treatment with a single dose of E. uniflora leaves EO
compensated the toxic effects of AA on mice and this beneficial effect is

probably related with antioxidant properties of this EO. Furthermore, the EO
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reduces the basal lipid peroxidation in liver of mice and was not genotoxic in the

DNA nicked and comet assay.

Conflict of interest

The authors declare that there are no conflicts of interest.

Acknowledgements

This study was supported by CNPq (Grant 472644/2010-6), CAPES and
FAPERGS (PRONEX 10/0027-4, PRONEM 11/2026-4, PqG 1012043) L.S.,
E.J.L. are recipients of CNPq fellowships. To researchers of Embrapa Clima
Temperado, Dr. R. Franzon and M. Vizzoto.

References

Anderson D., Yu T. W., Phillips B.J., Schmerzer P. The effect of various
antioxidants and other modifying agents on oxygen-radical-generated DNA
damage in human lymphocytes in the comet assay. Mutation Research 1994;
307: 291 - 8.

Avila D. S., Palma A. S., Colle D., Scolari R., Manarin F., Silveira A. F.,
Nogueria C. W., Rocha J. B. T., Soares F. A. A. Hepatoprotective activity of a
vinylic telluride against acute exposure to acetaminophen. European Journal of
Pharmacology 2011; 661: 91 — 101.

Bhadauria M. Dose-dependent hepatoprotective effect of emodin against
acetaminophen-induced acute damage in rats. Experimental and Toxicology
Pathology 2010; 62: 627 — 35.

Cavalcanti B. C., Costa-Lotufo L. V., Moraes M. O., Burbano R. R.,
Silveira E. R., Cunha K. M. A.,, Rao V. S. N., Moura D. J.,, Rosa R. M.,
Henriques J. A. P., Pessoa C. Genotoxicity evaluation of kaurenoic acid, a
bioactive diterpenoid present in copaiba oil. Food and Chemical Toxicology
2006; 44: 388 — 92.

Chandrasekaran V. R, Chien S. P., Hsu D. Z., Chang Y. C., Liu M.Y.
Effects of sesame oil against after the onset of acetaminophen-induced acute
hepatic injury in rats. Journal of Parenteral and Enteral Nutrition 2010; 34: 567 —
73.

74



Chandrasekaran V. R., Wan C. H., Liu L. L., Hsu D. Z., Liu M. Y. Effect of
sesame oil against acetaminophen-induced acute oxidative hepatic damage in
rats. Shock 2008; 30: 217 — 21.

Collins A.R. The comet assay for DNA damage and repair. Molecular
Biotechnology 2004; 26: 249 — 61.

Dahlin D. C., Miwa G. T., Lu A. Y., Nelson S. D. N-acetyl-p benzoquinone
imine: a cytochrome P-450-mediated oxidation product of acetaminophen.
Proceedings of National Academy of Sciences U. S. A. 1984, 81: 1327 — 31.

Dargan P., Jones A. Paracetamol: balancing risk against benefit, QMJ
2002; 95: 831- 2.

De Sa-Ferreira I. C. F., Vargas V. M. Mutagenicity of medicinal plant
extracts in Salmonella/microsome assay. Phytotherapy Research 1999; 13: 397
—400.

Demma J., Engidawork E., Hellman B. Potential genotoxicity of plant
extracts used in Ethiopian traditional medicine. Journal of Ethnopharmacology
2009; 122: 136 — 42.

Fakurazi S., Hairuszah I., Nanthini U. Moringa oleifera Lam prevents
acetaminophen induced liver injury through restoration of glutathione level,
Food and Chemical Toxicology 2008; 46: 2611 — 15.

Gupta A., Hasan M., Chander R., Kapoor N.K. Age-related elevation of
lipid peroxidation products: diminution of superoxide dismutase activity in the
central nervous systems of rats. Gerontology 1991; 37: 305 — 9.

Halliwell B., Gutteridge J. M. C. Free Radicals in Biology and Medicine,
4. ed. Clarendon Press, Oxford, 2006.

Henriques A. T., Sobral M. E., Cauduro A. D., Schapoval E. E., Bassani
V. L., Lamaty G., Menut C., Bessiere J. M. Aromatic plants from Brazil,The
chemical composition of some Eugenia essential oils. Journal of Essential Oll
Research 1993; 5: 501 — 5.

Jaeschke H., Knight T. R., Bajt M. L. The role of oxidant stress and
reactive nitrogen species in acetaminophen hepatotoxicity. Toxicology Letters
2003; 144: 279 — 88.

James L. P., McCullough S. S., Knight T. R., Jaeschke H., Hinson J. A.

Acetaminophen toxicity in mice lacking NADPH oxidase activity: role of

75



peroxynitrite formation and mitochondrial oxidant stress. Free Radical Research
2003; 37: 1289 — 97.

Katikova O. I. Effect of mexidol on the homeostasis and lipid peroxidation
in paracetamol poison, Eksp. Klin Farmakol 2002; 65: 53 — 6.

Knight T.R., Kurtz A., Bajt M. L., Hinson J. A., Jaeschke H. Vascular and
hepatocellular peroxynitrite formation during acetaminophen toxicity: role of
mitochondrial oxidant stress. Toxicological Sciences 2001; 62: 212 —20.

LeBoeuf R. A., Hoekstra W. G. Adaptive changes in hepatic glutathione
metabolism in response to excess selenium in rats. Journal of Nutrition 1983;
113: 845 — 54.

Lee J. C,, Kim H. R,, Kim J., Jang Y. S. J. Antioxidant property of an
ethanol extract of the stem of opuntia ficus-indica Var. Saboten. Journal of
Agricultural and Food Chemistry 2002; 50: 6490 — 96.

Marnett L.J. Oxyradicals and DNA damage. Carcinogenesis 2000; 21:
361-70.

Mitchell J. R., Jollow D. J., Potter W. Z., Davis D. C., Gillette J. R., Brodie
B. B. Acetaminophen-induced hepatic necrosis-I. Role of drug metabolism.
Journal of Pharmacology and Experimental Therapy 1973; 187: 185 - 94.

Molander, D. W., Wroblewski, F., Ladue, J. S., 1955. Serum glutamic
oxalacetic transaminase as an index of hepatocellular integrity, Journal of
Laboratory and Clinical Medicine 46, 831 — 839.

Moller P. The alkaline comet assay: towards validation in biomonitoringof
DNA damaging exposures. Basic Clinical Pharmacology and Toxicology 2006;
98: 336 — 45.

Ohkawa H., Ohishi N., Yagi K. Assay for lipid peroxides in animal tissues
by thiobarbituric acid reaction. Analytical Biochemistry 1979; 95: 351 — 8.

Rej R. Aspartate aminotransferase activity and isoenzyme proportions in
human liver tissues. Clinical Chemistry 1978; 24: 1971 -9.

Romero-Jimenez M., Campos-Sanchez J., Allana M., Munoz-Serrano A.,
Alonso- Moraga A. Genotoxicity and antigenotoxicity of some traditional
medicinal herbs. Mutation Research 2005; 585: 147 — 55.

Sheeba Rani, M., Emmanual S., Raja Sreekanth M., Ignasimuthu S.

Evaluation of in vivo antioxidant and hepatoprotective activity of Cassia

76



occidentalis Linn. against paracetamol induced liver toxicity in rats. International
Journal of Pharmacy and Pharmaceutical Science 2010; 2: 67 — 70.

Singh N. P., McCoy M. T., Tice R. R., Schneider E. L. A simple technique
for quantitation of low levels of DNA damage in individual cells. Experimental
Cell Research 1988; 175: 184 — 91.

Song F. L., Gan R. Y., Zhang Y., Xiao Q., Kuang L., Li H. B. Total
phenolic contents and antioxidant capacities of selected Chinese medicinal
plants. International Journal of Molecular Sciences 2010; 11: 2362 — 72.

Tice R. R., Agurell E., Anderson D., Burlinson B., Hartmann A,
Kobayashi H., Miyamae Y., Rojas E., Ryu J. C., Sasaki Y. F. Single cell
gel/comet assay: guidelines for in vitro and in vivo genetic toxicology testing.
Environmental and Molecular Mutagenesis 2000; 35: 206 — 21.

Victoria F. N., Lenardao E. J., Savegnhago L., Perin G., Guimaraes R. J.,
Motta A. S., Silva W. P., Nascente P. S. Essential oil of the leaves of Eugenia
uniflora L. antioxidant and antimicrobial properties, Food and Chemical
Toxicology 2012; 50: 2668 — 74.

Weyerstahl P., Marschall-Weyerstahl H., Christiansen C., Oguntimein O.,
Adeoye A. O. Volatile constituents of Eugenia uniflora leaf oil. Planta Medica
1988; 54: 546 9.

Whilhelm E. A., Jesse C. R., Leite M. R., Nogueira C. W. Studies on
preventive effects of diphenyl diselenide on acetaminophen-induced
hepatotoxicity in rats. Pathophysiology 2009; 16: 31 — 7.

Younes M., Cornelius S., Siegers C.P. Ferrous ion supported in vivo lipid
peroxidation induced by paracetamol—its relation to hepatotoxicity, Research
Communications in Chemical Pathology & Pharmacology 1986; 51: 89 — 99.

Zimniak P. Substrate and reaction mechanism of GSTs. In Toxicology of
Glutathione Transferases, Taylor & Francis CRC Press, Boca Raton, FL., 71 —
102, 2006.

77



5.3 Envolvimento dos sistemas serotoninérgico e adrenérgico no
efeito antidepressivo do 6leo essencial das folhas de Eugenia uniflora e

andlises complementares sobre a atividade antioxidante

O seguinte trabalho foi submetido para o peridédico Neuroscience Letters

e esta formatado de acordo com as normas da revista.

Involvement of serotoninergic and adrenergic systems on the
antidepressant-like effect of E. uniflora L. leaves essential oil and further

analysis of its antioxidant activity

Francine Novack Victoria, Arthur de Siqueira Brahm, Lucielli Savegnago,

Eder Jodo Lenardao.
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ABSTRACT

Many studies have addressed the effect of plant-derived essential oils (EO) on
the central nervous system and the potential as natural antidepressants. In this
work we evaluated antidepressant-like effect of E. uniflora L. leaves EO
employing the tail suspension test (TST). The involvement of serotonergic and
adrenergic systems in the antidepressant-like effect of E. uniflora L. EO was
appraised. EO administered by oral route (p.o.) in mice at doses of 10 and 50
mg/Kg exhibited antidepressant-like action in the TST. The effect of EO (10
mg/kg, p.o.) was prevented by pretreatment of mice with ketanserin (5mg/kg,
intraperitoneal), a no selective antagonist of 5-HT,ac receptors, prazosin (1
mg/kg, i.p.), a selective antagonist of a; receptor and yohimbine (1 mg/kg, i.p.),
a selective antagonist of a, receptors. In addition, further analysis of the in vitro
antioxidant effect of the EO was made against lipid oxidation. The results
revealed that EO had a potent antioxidant activity by inhibition of lipid
peroxidation and therapeutic potential for the development of phytomedicines

with antidepressant and antioxidant properties.

Key words: essential oil, antidepressant-like, antioxidant, Eugenia uniflora
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Depression is one of the most commonly diagnosed mental disorders
among adults and is characterized by a wide range of debilitating emotional and
physical symptoms such as changed mood, lack of interest in the surroundings
and physical impairment [2]. Numerous neural pathways are involved in the
pathophysiology of depression, and a great number of neurotransmitters
participate in the primary mechanisms of drugs action [5]. Depression has been
estimated to affect up to 21% of the world’s population and according to WHO’s
prediction, it will be the second most common disease in 2020 [30].

Some authors have suggested the involvement of oxidative stress in
neurological and psychiatric disorders [15]. The oxidative stress occurs when
redox homeostasis is challenged by free radicals and reactive oxygen species
(ROS), due to either overproductions or deficiencies in antioxidants defenses.
The brain is particularly vulnerable to oxidative damage, since it has a
comparatively high oxygen consumption, modest antioxidant defenses, a lipid-
rich constitution, the presence of redox-catalytic metals such iron and cupper,
and neurotransmitters with reducing potential [18]. The vulnerability of the brain
and the association between neurodegenerative changes and psychiatric
disorders suggest that oxidative damage mechanisms may be implicated in the
pathogenesis of depression, and that antioxidant supplementation may be a
target in this treatment [6].

In the search for new molecules useful for the treatment of neurological
disorders, medicinal plants have emerged as a source for the development of
drugs, demonstrating pharmacological potential to treat neurological disorders,
and playing an important role for patients who respond poorly to conventional

treatments [9].
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In fact, many studies have addressed the potential of plant-derived
essential oils on the central nervous system, as natural antidepressants, to
relieve anxiety, and stress [17]. Essential oils (EOs) are natural products
generally obtained from medicinal plants that exhibit a variety of
pharmacological properties [3].

The leaves of Eugenia uniflora L., popularly known as “pitanga”, are
used in Brazilian folk medicine in the treatment of rheumatism, stomach
diseases, disorders of the digestive tract, hypertension, yellow fever and gout;
and also to diminish blood pressure, lower blood glucose level and as a diuretic
[1, 30].

Additionally, we have recently reported the antioxidant, antibacterial and
antifungal activities of the pitanga leaf EO and we observed that this EO do not
show acute toxicity, with a LDsg higher than 200 mg/kg [28]. Based on these
promising results and to extend our studies about E. uniflora leaves EO, the aim
of this study was firstly evaluate the antidepressant-like effect of the EO and the
possible involvement of serotoninergic and adrenergic systems; moreover the in
vitro antioxidant effect of the E. uniflora L. leaves EO was study against lipid
oxidation.

Male Swiss mice of 2-3 months old (25 — 30g) were maintaining at 22 —
25 °C, under 12h:12h light/ dark cycles, with free access to food and water. All
experiments were performed with separate groups of animals (n=6 animals)
and each animal was used only once. The experimental protocol was in
compliance with National Institutes of Health Guide for Care and Use of
Laboratory Animals. All efforts were made to minimize animal suffering and to

reduce the number of animals used in the experiments (CEEA 2622).
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The essential oil of the leaves of Eugenia uniflora L. was obtained by
hydro-distillation and the chemical composition of essential oil was analyzed by
gas chromatography coupled with mass spectrometer (GC/MS).

For the in vitro assays, EO was dissolved in dymethyl sulfoxide (DMSO),
and for the in vivo assays all drugs were administered in a constant volume of
10ml/kg body weight and diluted in canola oil. The drugs (positive control and
antagonists) were dissolved in saline and Control animals received appropriate
vehicle.

For the evaluation of the antidepressant-like effect, the animals were pre-
treated with different doses of EO (1-50 mg/kg, per oral, (p.o.), fluoxetine (32
mg/kg, p.o.) or canola oil (10 ml/kg) 60 min before of the tail suspension test
(TST). In the TST, animals are placed in an inescapable situation and the
antidepressant-like activity is expressed by the decrease of immobility time, an
effect that is exhibited by conventional antidepressants [13], this test is a well
characterized behavioral model predictive of antidepressant activity.

The total immobility time induced by tail suspension was measured
according to the method described by Steru [26]. The mice were suspended on
the edge of a table 50 cm above the floor by adhesive tape placed
approximately 1 cm from the tip of the tail. Immobility time, defined as the
absence of escape-oriented behavior, was scored over 6 min as previously
described [26].

In order to investigate the possible involvement of serotoninergic system
on the antidepressant-like effect of the EO on the TST in mice, distinct groups
of animals were pre-treated with different antagonists. Animals were pre-treated

with WAY-100635, a selective antagonist of 5-HTin receptors (0.1 mg/kg,
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subcutaneous, s.c.), ketanserin a non-selective antagonist of 5-HT.anc
receptors (5mg/kg, intraperitoneal, i.p) or ondansetron, a selective antagonist of
5-HT; receptors (1mg/kg, i.p.), 15 min before the administration of the EO (10
mg/kg, p.o.) or vehicle (canola oil).

To address the possible involvement of the adrenergic system in the
antidepressant-like effect of EO, animals were pre-treated with prazosin (1
mg/kg, i.p.), a selective antagonist of a; adrenergic receptor, yohimbine (1
mg/kg, i.p.), a selective antagonist of a, adrenergic receptor or vehicle and after
15 min they received EO (10 mg/Kg, p.0.) or vehicle and were tested in the TST
1h later.

The locomotor and exploratory behavior was assessed in the open field
test (OFT). Each animal was placed individually at the center of the apparatus
and observed for 5 min to record the locomotor (number of segments crossed
with the four paws) and exploratory activities (expressed by the number of time
rearing on the hind limbs) [29]. The animals were pre-treated with E. uniflora EO
(1-50 mg/Kg, p.o.) and, after one hour, they were observed in the OFT.

Considering the role of oxidative stress on pathophysiology of depression
and to extend our studies about the in vitro antioxidant effect of the E. uniflora L.
leaves EO, we evaluated the effect of the EO on: linoleic acid peroxidation
assay and SNP-induced lipid peroxidation on hippocampus, cortex and
cerebellum of mice. These brain structures were used since they are implicated
in the pathogenesis of depression (cortex and hippocampus) [25] while
cerebellum has been indicated as an area under negative functional

connectivity from the hippocampus seen in depressive subjects [33].
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Linoleic acid was used as a lipid matrix to evaluate the effect of EO on
Fe?*-ascorbic acid- induced lipid peroxidation. The ability of EO (10-500 pg/ml)
to inhibit the linoleic acid peroxidation was determined by the method of Choi
[11] with modifications at 532 nm using n-butanol as blank.

To evaluate the effect of E. uniflora L. EO in the lipid peroxidation on the
hippocampus, cortex and cerebellum the levels of malondialdehyde (MDA), an
end product of lipid peroxidation were used as a biomarker. For this purpose,
mice were euthanized by cervical dislocation and cerebral tissue was rapidly
removed, and the hippocampus, cortex and cerebellum were separated. After
that, the tissues were immediately homogenized, centrifuged, the pellet was
discarded, and a low-speed supernatant (Si), was used to determine the effects
of different concentrations of EO on sodium nitroprusside (SNP) induced lipid
peroxidation.

Sodium nitroprusside (SNP) was used as a classical inductor of lipid
peroxidation [23] and the levels of MDA were determined
spectrophotometrically by the thiobarbituric acid reactive substances assay
(TBARS) according to the protocol of Ohkawa [21] with major modifications.

The results are presented as means = standard error mean (SEM).
Statistical analysis was performed using a one-way or two-way analysis of
variance (ANOVA) followed by the appropriate multiple comparison tests. The in
vitro assays was performed in duplicate and repeated at least three times; for
the in vivo assays, six animals were used per group. Differences were
considered statistically significant at a p value of 0.05. The ICsy (concentration

of sample required to inhibit 50% of lipid peroxidation) and IDs, (dose necessary
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to reduce in 50% the immobility time when compared to the control group)
values were calculated from the graph of %inhibition versus concentration.

The chemical composition of the EO was analyzed by GC/MS. The gas
chromatogram of the EO permitted the identification of seven compounds that
comprised approximately 90% of all constituents of EO. The EO contains mainly
no-oxygenated sesquiterpenes, followed by oxygenated ones. The major
compounds in the EO are germacrene B (22%), seline-1,3,7-trien-8-one-oxide
(19%), B-cariophyllene (13%), germacreno A (11.6%), germacreno D (11.4%),
seline-1, 3,7-trien-8-one (9.5%) and minor concentration of curzerene (4%).

The EO reduced significantly the immobility time at doses equal and
higher than 10 mg/kg (58.9% decrease), while fluoxetine reduced by 56.3%
(Figure 1) when compared to the control group (canola oil). The IDsp was 9.1 +
1.2 mg/ml and the maximum inhibition (Inax), of the EO on the TST was 72.8 £

17.1%.

IDso = 9.1 + 1.2 mg/kg
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Figure 1: Effect of acute administration of E. uniflora EO on immobility time in
the tail suspension test. F is the positive control fluoxetine (32 mg/kg, p.o.). The

values are present as mean * standard error mean (SEM) (n = 6). Three
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asterisks represent p < 0.001 when compared to the control group by one-way

ANOVA followed by the Newman-Keuls multiple range test.

Pre-treatment of mice with ketanserin prevents the anti-immobility action
of the EO. A two-way ANOVA revealed a significant interaction between the
pre-treatment and the treatment (F (1.10) = 8.66, p=0.0147), as can be seen on
Figure 2. On the other hand, the pre-treatment of mice with WAY100635 ((F
(1.14) = 2.53, p= 0.133) and ondansetron (F (1.18) = 0.01, p = 0.907) did not

block the antidepressant-like effect of E. uniflora leaves EO (Figure 2A, 2C).
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Figure 2: Effect of pre-treatment of mice with (A) WAY100635, (B) ketanserin
and (C) ondansetron on the antidepressant-like effect of the E. uniflora leaves
EO. The values are presented as mean + standard error mean (SEM) (n = 6).
One asterisk represents p < 0.05 when compared to the vehicle group and (#)
represents p < 0.01 when compared with E. uniflora L leaves EO group by two-

way ANOVA followed by Newman-Keuls multiple range test.
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The pretreatment with adrenergic antagonists revealed that both blocked
the antidepressant-like effect of EO, increasing the immobility time when
compared to the E. uniflora L. EO group (Figure 3). Two-way ANOVA revealed
a significant interaction between the pre-treatment with prazosin and the
treatment with EO (F (1.15) =7.11, p =0.0176) and between yohimbine and EO

treatments (F (1.13) =12.84, p = 0.003).
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Figure 3: Effect of pre-treatment of mice with (A) prasozin and (B) yoimbine on
the antidepressant-like effect of the E. uniflora leaves EO. The values are
presented as mean * standard error mean (SEM) (n = 6). Three asterisks
represents p < 0.001 when compared to the vehicle group and (#) represents p
< 0.05 when compared with E. uniflora EO group by two-way ANOVA followed

by the Newman-Keuls multiple range test.

Considering that the antidepressant-like activity of the E. uniflora leaves
EO on the TST may be subjected to the presence of components that induce
hyperactivity or cause a locomotor problem, given a false positive or negative
effect respectively, mice were submitted to the OFT. The administration of EO
did not alter significantly the locomotor and exploratory parameters when

compared to the control group (data not show).
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The effect of E. uniflora EO on the linoleic oxidation is depicted on Table
1. The EO inhibited the oxidation of linoleic acid in concentrations equal and
higher than 50 pg/ml with an ICsp value of 325.0 £ 66.1 pg/ml and an Imax of
60.5 + 6.1 %.

Table 1: Effect of E. uniflora leaves essential oil on linoleic acid peroxidation

induced by Fe*?/ ascorbic acid

EO (ng/ml) Inhibition (%)
10 3.40 £ 3.05
50 27.23 + 13.74*
100 36.00 £+ 12.30*
500 60.67 £ 6.11**
ICs0 (ng/ml) 325.0 £ 66.1
Imax (%) 60.5+6.1

Values are presented as mean + SEM. Asterisks represent significant difference of the induced
treatment (linoleic acid + Fe** + ascorbic acid, 100 % of oxidation) (*) p < 0.05, (**) p < 0.01.
The data were analyzed by one-way ANOVA followed by the Newman-Keuls multiple
comparison test.

The SNP induced lipid peroxidation in hippocampus, cortex and
cerebellum while the E. uniflora EO reduced SNP-induced lipid peroxidation at
concentrations equal or greater than 50 pg/ml in hippocampus (Imax 37.5 %
12.50 %) and 10 pg/ml in cortex (ICsp 93.30 = 5.10 pg/ml, Inax 53.0 £ 1.90 %)

and cerebellum of mice (47.0 £ 2.80 pg/ml, Imax 53.0 = 14.6 %) (Table 2).
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Table 2: Effect of E. uniflora L leaves EO on SNP-induced lipid peroxidation
Values are presented as mean + SEM. Asterisks represent significant difference of the induced

(I, SNP + tissue) (*) p < 0.05 (**) p < 0.01 and (#) represent significant difference from the

SNP-induced lipid peroxidation (nmol MDA/g tissue)

=0 Hippocampus Cortex Cerebellum
Control 769.2 +23.83*  628.90 + 150.40 * 632.90 + 45.24 *
Induced 1400 + 163.2" 1458.00 + 167.20% 1220.0 + 77.91%
1 pg/ml 1744.0 + 268.1 1793.0 + 236.5 1437.0 £ 280.5
10 pg/ml 888.90 + 14.14  568.80 + 195.00 **  758.10 + 109.50 **

50 pg/ml 775.10+176.80* 797.30 +163.90 * 586.10 + 40.87 **
100 pg/ml 647.80 £ 228.40 * 791.90 + 86.10 * 515.70 + 125.00 **

ICs0 (Hg/ml) - 93.30 % 5.10 47.0 £ 2.80
Imax (%) 375+125 53.0 + 1.90 53.0 + 14.60

control (C, tissue) (p < 0.05). The data were analyzed by one-way ANOVA followed by the

Newman-Keuls multiple range test.

For the first time the antidepressant-like effect of E. uniflora EO on the
TST was reported. This effect is mediated by the modulation of serotoninergic
and adrenergic systems. Interestingly, in vitro assays revealed that the EO
inhibits the lipid oxidation in the assays of linoleic acid oxidation and SNP-
induced lipid peroxidation in cerebral structures.

In the present work, we demonstrate that E. unifiora EO produced
antidepressant-like effect in the TST at doses of 10 and 50 mg/kg. Recently,
Colla et al. [12] studied the antidepressant-like effect of hydro-alcoholic extract
of E. uniflora L leaves in the TST. However, the extract did not present
antidepressant-like effect in the TST even at concentration of 100 mg/kg.

Probably, the amount of volatile compounds present in the EO, like oxygenated
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and non-oxygenated sesquiterpenes are responsible for its antidepressant-like
effect.

Many studies have suggested that the activation of 5-HT, receptors can
be related in the regulation of mood disorders [10]. These receptors are widely
distributed throughout brain structures that are important on the
pathophysiology of depression, like pre-frontal cortex and hippocampus [19].
Conventional antidepressants are based on the enhancement of monoamines
in the brain, like serotonin, norepinephrine and dopamine that are involved in
the pathophysiology of depression [14].

According with our results, the antidepressant-like effect of E. uniflora L.
leaves EO involves the modulation of receptors 5-HTanc, Since the pre-
treatment of mice with ketanserin, an antagonist of these receptors, significantly
prevent the anti-immobility effect of the EO.

Besides the serotoninergic, the adrenergic system is classically
implicated in the pathophysiology of depression [16], and compounds that affect
the adrenergic neurotransmission, such as noradrenaline reuptake inhibitors or
monoamine oxidase inhibitors, are currently used to treat depression [22].

In this study, the pre-treatment of mice with prazosin, a selective
antagonist of a; adrenoreceptor, has blocked the antidepressant-like effect of E.
uniflora EO. Furthermore, the pre-treatment of animals with yohimbine, a a;
adrenoreceptor antagonist, improved the immobility time of the EO. This finding
indicates that a3 is also involved in the action of EO.

Thus, the antidepressant-like effect of the E. uniflora EO appears to be

involved, at least in part, with serotoninergic and adrenergic systems.
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Recent clinical evidences have showed the co-existence between
increased oxidative stress and depression symptoms in patients [20]. Since the
E. uniflora EO presented antidepressant-like effect; we extend our studies to
evaluate the in vitro antioxidant effect of the EO.

E. uniflora EO decreased the levels of linoleic acid oxidation in
concentrations ranging from 50 to 500 pg/ml and presents effect against the
SNP-induced lipid oxidation on the cerebral regions studied.

Reactive Oxygen derived species (ROS) partially reduced are produced
as part of normal physiological and metabolic processes in aerobic organisms.
Excessive production of ROS can lead to oxidative stress, an imbalance
between the pro-oxidant and antioxidant species [18]. Oxidative stress is known
to affect lipid membrane through lipid peroxidation and also to oxidize proteins
and DNA.

Alterations in phospholipids may induce changes in membrane viscosity
and in various neurotransmitter systems like serotonin (5-HT) and noradrenaline
[27]. However, it is not clear if oxidative stress, is a cause or a result of
depression [7].

The present work demonstrated the antioxidant activity and the
antidepressant-like effect of E. uniflora leaves EO mediated by the modulation
of serotoninergic and adrenergic systems. Altogether, these results suggest that
the E. uniflora EO may have therapeutic value. However, more studies are
necessary to elucidate others possible mechanisms involved on the

antidepressant-like effect of the EO.
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6. DISCUSSAO DOS RESULTADOS

A analise da composi¢cdo quimica do 6leo essencial das folhas de E.
uniflora revelou compostos sesquiterpenos, oxigenados e ndo oxigenados,
como 0S compostos majoritarios. Os compostos identificados foram: oxido de
selina-1,3,7-trien-8-ona, selina-1,3,7-trien-8-ona, germacreno A, germacreno B,
germacreno D, curzereno, p-cariofileno. Varios trabalhos estudaram a
composi¢do quimica do OE das folhas de E. uniflora, e os compostos
encontrados como majoritarios foram selina-1,3,7-trien-8-ona e o0 seu Oxido e
curzereno (WEYERSTAHL et al., 1988; COSTA et al., 2011), compostos estes
encontrados no OE utilizado neste trabalho. As variagbes na composicéo
quimica e na concentracdo dos compostos em Oleos essenciais sao
decorrentes de diferencas da origem geografica, sazonalidade, quimiotipos e
diferentes métodos de extracao.

O oleo essencial das folhas de E. uniflora apresentou atividade
antioxidante através da capacidade sequestrante de radicais livres sintéticos,
como DPPH e ABTS e capacidade redutora do ion férrico. O valor de ICsg
(concentracdo que inibe 50% dos radicais presentes) de um composto esta
relacionado com a poténcia do composto no experimento, este valor foi de 8,33
pg/mL no ensaio ABTS e 833,3 ug/mL no ensaio DPPH. A neutralizacdo de
radicais ABTS esta relacionada com a transferéncia de elétrons da molécula
antioxidante para o radical ABTS (RE et al., 1999) (Figura 12 A), enquanto a
capacidade sequestrante de radicais DPPH esta relacionada com a
transferéncia de elétrons e protons ao radical (CHEN et al., 1995) (Figura 12
B), sendo assim € possivel inferir que a atividade sequestrante de radicais
livres do OE est4 relacionado com a transferéncia de elétrons. Estes dados
foram confirmados pela capacidade do OE de reduzir o ion férrico (Fe™)
(Figura 12 C), confirmando o envolvimento da transferéncia de elétrons no

mecanismo antioxidante do OE.
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Figura 12: (A) — Neutralizacdo do radical ABTS, (B) — Neutralizacdo do radical DPPH, (C) —

Reducéo do ion férrico.

Para estender os estudos sobre o potencial farmacolégico do OE, a
toxicidade aguda do OE foi avaliada em camundongos. A partir dos resultados
obtidos é possivel sugerir que o OE das folhas de E. uniflora possui uma dose
letal para 50% dos animais (DLsg) superior a 200 mg/kg. Os parametros
bioquimicos determinados confirmam a auséncia de toxicidade das doses
utilizadas, como os niveis de peroxidacéo lipidica, a atividade das enzimas 6-
Ala D e catalase e os niveis de &cido ascorbico. Um resultante interessante
obtido foi a reducdo da peroxidacéo lipidica basal no rim dos camundongos
tratados com o OE, demonstrando o efeito antioxidante do OE.

Além disso, o OE apresentou efeito antibacteriano contra cepas de
Listeria monocytogenes e Staphylococcus aureus, duas bactérias causadoras
de intoxicacdes e infeccdes alimentares e fungos dos géneros Candida,
Cryptococcus e Trichosporum. A preocupacdo com relacdo a bactérias e

fungos patogénicos vem crescendo devido ao aumento de surtos infecgdes
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bacterianas e fungicas. Devido a esse aumento e ao aumento do numero de
micro-organismos resistentes aos antibioticos existe um consideravel interesse
na investigacdo dos efeitos antimicrobianos de 6leos essenciais e de diferentes
extratos, contra uma gama de micro-organismos, para o desenvolvimento de
agentes antimicrobianos naturais, para a preservacao de alimentos e controle
de infec¢des. Assim, os 0Oleos essenciais, como o OE das folhas de E. uniflora,
sdo agentes antimicrobianos naturais com aplicacdes nas industrias de
alimentos e farmacéutica, para o controle de fungos e bactérias patogénicos
(RAHMAN & KANG; 2009).

Devido & caracteristica lipofilica dos OEs estes podem promover a
permeabilizagdo das membranas celulares em bactérias, a qual esta associada
as perdas de ions, reducao do potencial de membrana, colapso da bomba de
prétons e diminuicdo dos niveis de ATP (DI PASQUA et al., 2006,
KNOBLOSCH et al., 1989, TURINA et al, 2006). Em células eucariéticas, 0s
Oleos essenciais podem promover despolarizacdo das membranas
mitocondriais através da reducdo do potencial de membrana, afetando os
canais de célcio (NOVGORODOV; GUDZ, 1996, RICHTER; SCHLEGEL, 1993)
e outros canais idnicos e também reduzem o gradiente de pH, afetando dessa
maneira a bomba de prétons e a producdo de ATP (BAKKALI et al., 2008).

Em outro estudo o OE apresentou propriedades de reverter um dano
hepatico induzido por uma superdose de acetoaminofeno (ou paracetamol),
através da restauracdo de parametros bioquimicos, como o0s niveis de
peroxidacao lipidica, atividades das enzimas 5-Ala-D, AST e ALT, GST e os
niveis de NPSH.

A hepatotoxicidade do acetoaminofeno ocorre devido a sua
metabolizacdo, em doses normais o acetoaminofeno é metabolizado por
conjugacao e sulfatagcdo (FORREST et al.,, 1982), o principal metabdlito é o
NAPBQI (N-acetil-p-benzoquinona-imina). Porém, doses excessivas deste
medicamento levam a saturacdo do processo metabolico pelas vias do acido
glicurbnico e pela sulfatacdo, sobrecarregando o sistema do citocromo e
aumentando a producdo deste metabdlito téxico (MAKIN & WILLIANS, 1994).
O NAPBQI € uma espécie reativa que se condensa rapidamente com a

glutationa, porém as reservas de glutationa séo limitadas, sendo depletadas na
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tentativa de detoxificar os metabdlitos, a reducdo dos niveis contribui para o
estresse oxidativo celular.

Muitos estudos demonstram a acdo de diferentes antioxidantes em
modelos animais de intoxicacdo por acetoaminofeno, estes autores
demonstraram que diferentes extratos de plantas (KUPELI et al., 2006; YEN et
al., 2007) sao capazes de reduzir alteragbes bioquimicas e histoldgicas
causadas pela acetoaminofeno. Dessa maneira, € possivel que o efeito do OE
na reversdao dos parametros bioquimicos alterados pela intoxicagdo com
paracetamol esteja relacionado com a capacidade antioxidante do OE, ja
demonstrada anteriormente. Esta hipétese foi reforcada pela capacidade do OE
das folhas de E. Uniflora em reduzir os niveis de peroxidacao lipidica basal no
figado de camundongos. Além disso, o OE né&o apresentou toxicidade ao DNA,
a qual foi avaliada através dos ensaios cometa em sangue periférico e medula
0ssea de camundongos e DNA nicked.

Varias evidéncias indicam que o estresse oxidativo pode estar envolvido
em diversas patologias como, por exemplo, na depressdo. No entanto, até
entdo ndo existem evidéncias concretas que afirmem se o estresse oxidativo
esta relacionado com o desenvolvimento da depressdo, ou se é uma
consequéncia desta patologia (BILICI et al., 2001). O OE das folhas de E.
uniflora apresentou efeito tipo-antidepressivo no teste preditivo de suspensao
da cauda (TSC), este consiste em suspender o animal pela cauda e avaliar o
tempo que o animal permanece imével durante um intervalo de tempo fixo
(Steru et al., 1985). Além disso, através de estudos sobre o envolvimento dos
sistemas serotoninérgicos e adrenérgicos € possivel inferir que estes sistemas
estdo envolvidos no efeito do tipo antidepressivo do OE das folhas de E.
uniflora, pois a utilizacdo de antagonistas de receptores adrenérgicos ( a; e ay)
e serotoninérgicos (5-HT»a) bloguearam o efeito do OE. Neste mesmo trabalho
estudos sobre o efeito antioxidante do OE foram complementados, através de
ensaios de peroxidacgdo lipidica, estes demonstraram que o OE reduz os niveis
de peroxidacdo lipidica em estruturas cerebrais (cortex, hipocampo e cerebelo)

estruturas relacionadas com os processos depressivos (SEOL et al., 2010).
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7. CONSIDERACOES FINAIS

O 6leo essencial de Eugenia uniflora L. apresentou:

o Efeito antioxidante frente a radicais livres sintéticos, potencial redutor do
ion férrico, efeito antibacteriano e antifungico.

o Efeito hepatoprotetor na dose de 200 mg/kg restaurando parametros
oxidativos no figado de camundongos modificados pela injaria induzida por
paracetamol.

o A administracdo oral do 6leo essencial de pitanga ndo demonstrou
toxicidade ao DNA, através dos ensaios cometa em sangue periférico e medula
O0ssea de camundongos e do teste in vitro DNA nicked, que utilizada o
plasmideo como modelo de estudo.

o Efeito antidepressivo no teste de suspensdo da cauda, através do

envolvimento com receptores 5-HTa/2c, 01 € O, adrenérgicos.
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