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NASCIMENTO, K.F. Composicado quimica e avaliacao biologica do 6leo essencial e
composto isolado das folhas de Psidium guineense Swartz (Myrtaceae). 2017.
Dissertacdo (Mestrado) — Faculdade de Ciéncias Biologicas e Ambientais, Universidade
Federal da Grande Dourados, Dourados, 2017.

As folhas de Psidium guineense Swartz sdo usadas na medicina popular para o tratamento
de processos inflamatdrios. Entretanto, ndo ha evidéncia cientifica que demonstre essa
atividade. Este estudo consistiu em avaliar as atividades antioxidantes, anti-inflamatorias,
antiproliferativa e antimicrobiana do 6leo essencial de P. guineense e composto
majoritario. O dleo essencial (OEPG) foi extraido das folhas de P. guineense por
hidrodestilacdo e analisado por cromatografia gasosa acopalhada a espectrometria de
massa (CG-EM). O composto majoritario (PG-1) foi isolado em coluna cromatografica e
identificado por ressonancia magnética nuclear (RMN). A atividade antioxidante de
OEPG e PG-1 foi avaliada in vitro pelos métodos DPPH, ABTS e MDA.. O potencial anti-
inflamatorio foi avaliado utilizando dois modelos, incluindo pleurisia e edema de pata
induzido por carragenina em camundongos. A acdo de OEPG e PG-1 sobre a proliferacao
celular foi determinado através de quantificacdo espectrofotométrica do teor de proteina
celular utilizando um ensaio de sulforodamina B e a atividade de antimicobacteriana
frente ao Mycobacterium tuberculosis foi determinada utilizando o método REMA.
Foram identificados 38 compostos em OEPG, sendo o principal constituinte o alcool
sesquiterpénico espatulenol (PG-1) (80,7%). OEPG e PG-1 exibiram as atividades
antioxidantes mais relevantes pelos métodos de DPPH e MDA em comparacdo com
padrdo de referéncia, com valores de ICso variando entre 26,13-85,60 pg/mL. A
administracdo oral de EOPG e PG-1 mostrou inibicdo significativa no edema da pata de
camundongos induzido por carragenina e também no modelo de pleurisia. OEPG (Glso =
0,89 ug/mL) e PG-1 (Glso = 49,30 pg/mL) foram ativas contra a linhagem celular de
ovario. Ambos apresentaram atividade antimicobacteriana moderada. Este estudo
demonstrou, pela primeira vez, as propriedades antioxidantes, anti-inflamatdrias,
antiproliferativa e antimicobacteriana do 6leo essencial de P. guineense (folhas coletadas
em Dourados-MS) e espatulenol, colaborando com o uso etnofarmacoldgico desta

espeécie, devido ao seu efeito anti-inflamatorio.

Palavras-chave: Oleo essencial, arac4, Psidium guineense, atividades bioldgicas.
ABSTRACT



NASCIMENTO, K.F. Chemical composition and biological avaliation of essential oil
and compound isolated from leaves of Psidium guineense Swartz (Myrtaceae). 2017.
Master (MSc) — Faculty of Biological and Environmental Sciences, Federal University of
Grande Dourados, Dourados, 2017.

The leaves of Psidium guineense Swartz are used in folk medicine for the treatment of
inflammatory processes. However, there is no scientific evidence to demonstrate this
activity. This study consisted in evaluating the antioxidant, anti-inflammatory,
antiproliferative and antimicrobial activities of the essential oil of P. guineense and
majoritarian compound. The essential oil (EOPG) was extracted from the leaves of P.
guineense by hydrodistillation and analyzed by gas chromatography-mass spectrometry
(CG-MS). The major compound (PG-1) was isolated by column chromatography and
identified by nuclear magnetic resonance (NMR). The antioxidant activity of EOPG and
PG-1 was evaluated in vitro by the DPPH, ABTS and MDA methods. The anti-
inflammatory potential was assessed using two models, including pleurisy and
carrageenan-induced paw edema in mice. The impact of EOPG and PG-1 on cell
proliferation was determined by spectrophotometric quantification of the cellular protein
content using a sulforhodamine B assay and the antimycobacterial activity against
Mycobacterium tuberculosis was determined using the REMA method. 38 compounds
were identified in EOPG, the main constituent being sesquiterpene spathulenol (PG-1)
(80.7%). EOPG and PG-1 exhibited the most relevant antioxidant activities by DPPH and
MDA methods compared to reference standard, with ICso values ranging from 26.13-
85.60 ug/mL. Oral administration of EOPG and PG-1 showed significant inhibition in
carrageenin-induced foot paw edema and also in the pleurisy model. EOPG (Glso = 0.89
pg/ml) and PG-1 (Glso = 49.30 pg/ml) were particularly effective against the ovarian
cancer cell line. Both had moderate antimycobacterial activity. This study demonstrated
for the first time the antioxidant, anti-inflammatory, antiproliferative and
antimycobacterial properties of the essential oil of P. guineense (leaves collected in
Dourados-MS) and of spathulenol, collaborating with the ethnopharmacological use of

this species due to its effect anti-inflammatory.

Keywords: Essential oil, araca, Psidium guineense, biological activites.

1.0 INTRODUCAO



A utilizacéo de plantas como fontes terapéuticas & uma das mais antigas praticas
alternativas utilizadas para tratamento e prevencdo de doengas. Entretanto, algumas das
espéecies utilizadas ainda ndo foram avaliadas quanto sua composicdo quimica e
atividades farmacoldgicas, ocasionando desconhecimento de sua toxicidade (Kuntze et
al., 2012). As espécies vegetais, além de aplicacdo na medicina popular, também
representam uma rica fonte de moléculas bioativas que podem contribuir para o
desenvolvimento de novos farmacos, representando uma estratégia para a inovagéo
farmacéutica (Alves et al., 2014).

Como exemplos de farmacos originados a partir de plantas encontra-se a morfina
(1) um dos primeiros compostos isolados relatados na literatura. Trata-se de um potente
analgeésico obtido da Papaver somniferum L. (Papaveraceae). A salicilina (2) isolada das
cascas da Salix alba (Salicaceae), apds modificacbes originou o acido acetilsalicilico
(AAS) (3) farmaco analgesico e anti-inflamatdrio, que atua no controle da febre, artrite
reumatoide e inibicdo da agregacdo plaquetéaria (Croteau et al., 2000). Os alcaloides
vincristina (4) e vimblastina (5) isolados de Catharanthus roseus (Apocynaceae) sdo
empregados no tratamento de leucemia e linfoma de Hodghkin (Booth, 1998; Croteau et
al., 2000). Em 1966, Wall e Wani isolaram a partir das cascas de Camptotheca acuminata
o alcaloide quinolina conhecido como camptotecina (CPT) (6), um anticancerigeno eficaz
contra um amplo espectro de linhagens tumorais como coélon, pulmao, ovario, entre
outras, pois atua inibindo a enzima topoisomerase | (Topo I) (Wall e Wani, 1996; Chabne
e Roberts, 2005; Pommier et al., 2009). A descoberta de moléculas ativas de origem
vegetal se estende até os dias atuais. Em 2014 foi relatado o isolamento de um novo
alcaloide isoquinolina, denominado dehidrocoribulbina (DHCB) (7) a partir de raizes de
Corydalis yanhusuo (Papaveraceae), que demonstrou potente atividade antinociceptiva
em modelos de dor inflamatéria e neuropatica, podendo contribuir para o
desenvolvimento de um novo medicamento analgésico (Zhang et al., 2014).

OH
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Na busca por novas biomoléculas ativas, o género Psidium (Myrtaceae)
compreende cerca de 100 espécies, encontradas em todo o territorio brasileiro e utilizadas
na medicina popular para o tratamento de diarreias, Ulceras, doencas pulmonares,
inflamacGes de garganta, dores e febre (Almeida et al., 1995; Landrum e Kawasaki, 1997,
Holetz et al., 2002; Lapcik et al., 2005; Franzon et al., 2009). Estudos quimicos e
bioldgicos descrevem a presenca de 6leos essenciais nas folhas de suas espécies e relatam
algumas atividades, bem como antioxidante, anti-inflamatéria (EI-Ahmady et al., 2013),
antimicrobiana (Soliman et al., 2016) e antiproliferativa (Manosroi et al., 2006) para P.

guajava e antimicrobiana para P. cattleianum (Soliman et al., 2016).



Psidium guineense Swartz, conhecida como “araga-verdadeiro”, araga-do-campo,
araca-comum, araca-azedo ou aragd-mirim, possui ampla ocorréncia no territorio
nacional, principalmente nos estados de Goiés, Mato Grosso, Mato Grosso do Sul e
Tocantins (Bezerra et al., 2006). As folhas sdo utilizadas no tratamento de resfriados e
inflamacGes, como bronquites (Akerele, 1991; Franzon et al., 2009). Estudos
fitoquimicos e biologicos realizados com suas folhas descrevem a presenca de taninos,
flavonoides e terpenos (Neira Gonzélez et al., 2005; Rivero-Maldonado et al., 2013); e
atividade antibacteriana (Fernandes et al., 2012; Rodrigues et al., 2014).

Evidéncias cientificas relacionam a ocorréncia de eventos degenerativos e
patoldgicos, como diabetes, alzheimer, doencas inflamatorias e cancer com o estresse
oxidativo, condi¢do em que ocorre acimulo de espécies reativas de oxigénio (ERO’s) e
nitrogénio (ERN’s), ocasionando danos ao DNA, proteinas € outras macromoléculas
celulares (Reuter et al., 2010; Morry et al., 2017). Sabe-se que compostos antioxidantes,
naturais ou sintéticos, tem a capacidade de eliminar os radicais livres e proteger o
organismo dos danos ocasionados pelos mesmos, representando assim um importante
papel na prevencédo dessas patologias (Chand et al., 2017).

Considerando o uso popular das folhas de “ara¢a-do-campo” e a ocorréncia dessa
espécie na regido de Dourados-MS, o presente estudo foi elaborado com o objetivo de
extrair, analisar a composicdo quimica, isolar o composto majoritario e realizar a
avaliacdo das atividades antioxidante, anti-inflamatoria, antiproliferativa e

antimicobacteriana do 6leo essencial e composto isolado das folhas de P. guineense.

2. REVISAO DE LITERATURA

2.1 Familia Myrtaceae
Myrtaceae compreende cerca de 140 géneros e 3.500 espécies de arvores e

arbustos, distribuidas em regides tropicais e subtropicais da Australia, Asia e América



(Angiosperm Phylogeny Group I1l, 2009). Dentre os principais géneros destacam-se
Eucalyptus, Eugenia, Melaleuca, Psidium, Pseuocaryophyllus e Syzygium (Siddique et
al., 2017). Caracterizados pela presenca de compostos polifendlicos e dleos essenciais
que apresentam diferentes composi¢cdes quimicas, tais como a-terpineol, espatulenol,
viridiflorol, pB-pineno, 1,8-cineol, terpinen-4-ol e cariofileno como principais
constituintes (Farag et al, 2004; Silva et al, 2007; Magina et al., 2009; Rini et al., 2012;
Cunha et al., 2016), destacando atividades biolégicas, antioxidante (Pino et al., 2010;
Victoria et al, 2012), anti-inflamatédria (Caldefie-Chezet et al., 2006), antifingica (Bagg
et al., 2006), antinociceptiva (Amorim et al., 2009), antibacteriana (Magina, et al. 2009),
dentre outras.

Pertencente a familia Myrtaceae, o género Psidium compreende aproximadamente
92 espécies, incluindo P. guajava L. (goiaba ou goiabeira), P. cattleianum S. (aracé-
morango), P. friedrichsthalianum Ndz. (goiaba costarriquenha) e P. guineense Sw.
(araca-do-campo) (Joseph e Mini Priya, 2011). No Brasil, encontram-se desde a regido
amazonica até o Estado do Rio Grande do Sul (Landrum, 2003). Na medicina popular, de
modo geral esta direcionada ao tratamento de diarreias, ulceras, doengas pulmonares,
inflamacGes de garganta, dores e febre (Almeida et al., 1995; Landrum e Kawasaki, 1997,
Holetz et al., 2002; Lapcik et al., 2005; Jaradat et al., 2016).

Dentre as espécies, a mais conhecida e estudada € a P. guajava, na qual as folhas
relatam presenca de compostos fendlicos (Takao et al., 2015; Ashraf et al., 2016; Morais-
Braga et al., 2017) e flavonoides (Ouyang et al., 2015; Sen et al., 2015). Além de 6leos
essenciais constituidos por compostos terpénicos (Lin et al., 2013; Khadhri et al., 2014;
Dias et al., 2015), os quais demonstraram algumas propriedades biol6gicas, bem como
atividade antioxidante e anti-inflamatéria (EI-Ahmady et al., 2013); antimicrobiana
(Soliman et al., 2016), antiproliferativa (Manosroi et al., 2006), antifungica (Morais-
Braga et al., 2017) e larvicida (Dias et al., 2015).

2.1.2 Psidium guineense Swartz

Psidium guineense Sw. (Figura 1), conhecida popularmente como “araca-do-
campo, aragd-comum, aracga-verdadeiro, aragd-azedo ou araga-mirim” ¢ encontrada na
América Tropical, desde o Sul do México ao Norte da Argentina e Brasil. No territorio
brasileiro, esté presente nos estados de Tocantins, Goias, Mato Grosso e Mato Grosso do
Sul, principalmente nos biomas cerrados, campos, savanas e cerraddes (Neira Gonzalez

et al., 2005; Franzon et al., 2009). Trata-se um arbusto ou arvoreta de aproximadamente



2,5 metros de altura, com caule de casca lisa, folhas simples com nervagdes salientes e
margens levemente onduladas, flores brancas e axilares (Lorenzi et al., 2008, Ferreira et
al., 2011). Popularmente, suas folhas sdo utilizadas no tratamento de resfriados e
inflamac6es, como bronquites (Akerele, 1991; Franzon et al., 2009). O decocto das raizes
¢ empregado para o tratamento de doencas urinarias, diarreias e disenterias (Neira
Gonzélez et al., 2005).
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Figura 1: Psidium guineense (Margo/2015) (Fonte: Nascimento, K.F.)

Estudos fitoquimicos realizados com o extrato metanolico acidificado das folhas
de P. guineense coletadas em diferentes regides da Venezuela, com a finalidade de isolar
compostos polifendlicos empregando cromatografia liquida de alta eficiéncia (CLAE)
relataram a presenca dos flavonoides miricetina (8), luteolina (9), quercetina (10),
apigenina (11) e canferol (12) (Rivero-Maldonado et al., 2013).
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O extrato hidroalcodlico das folhas dessa espécie apresentou efeito
antimicrobiano e antiaderente frente as cepas de Streptococcus mutans (CIM= 550
pug/mL); S. oralis (CIM= 275 ug/mL); S. parasanguis (CIM= 275 pug/mL); S. salivarius
(CIM= 275 ug/mL); Streptococcus sp (CIM= 500 pg/mL) ¢ Lactobacillus casei (CIM=
1100 pg/mL) (Vieira et al., 2012). Os taninos isolados mostraram-se ativos contra cepas
de Staphylococcus aureus (CIM= 256 ug/ml) e Pseudomonas aeruginosa (CIM = 512
pg/ml) (Rodrigues et al., 2014).

A composicdo de 6leo essencial de frutos de P. guineense coletados na Colombia,
analisado por micro-extracdo em fase solida (ME-FS) seguido de destilacdo por solvente
relatou a presenca de 181 compostos, com destaque para as classes de ésteres e terpenos
(Peralta-Bohorquez et al., 2010). O 6leo essencial obtido das folhas coletadas no
municipio de Boa Vista (RR), extraido por hidrodestilacdo e analisado por cromatografia
gasosa acoplada a espectrometria de massas (CG-EM) descreveu presenca de trés
compostos terpénicos majoritarios, sendo o B-bisabolol (17,4%) (13), limoneno (6,8%)
(14) e epi-a-bisabolol (6,7%) (15) (Da Silva et al., 2013).

CH,
O HO. CHs
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2.2 Oleos essenciais

Também conhecidos como volateis ou etéreos, os 6leos essenciais sdo substancias
volateis, aromaticas e lipossoluveis que podem ser obtidos de diferentes partes da planta,
como em flores, folhas, caules, galhos, sementes, frutos, raizes, madeira ou cascas,
através de diferentes métodos de extracéo, no entanto sua composicdo quimica pode ser
influenciada de acordo com a espécie, parte utilizada, localizacdo geogréfica, periodo de
colheita, estadio de desenvolvimento, idade da planta e método de extracdo (Costa et al.,
2015).

Sé@o amplamente empregados em industrias agricolas, cosméticas, alimenticias e
farmacéuticas, por serem naturais e biodegradaveis e possuirem baixa toxicidade, atuando
em diversas moléculas ao mesmo tempo, quando comparados a farmacos de origem
sintética (Burt, 2004; Figueiredo et al., 2008; Simdes e Sptizer, 2010; Zhang et al., 2015).

A formacéao dos compostos presentes nos 6leos essenciais da a partir da formacéo
de terpendides originados a partir do &cido mevaldnico, ou de fenilpropandides, oriundos
do &cido chiquimico (Figura 2. Os compostos terpénicos encontrados com maior
frequiéncia sdo os monoterpenos (cerca de 90% dos 6leos volateis) e 0s sesquiterpenos.
Ja os diterpenos sdo encontrados apenas em 6leos extraidos com solventes organicos

devido a alta temperatura de volatilizacdo desses compostos (Simdes e Spitzer, 2010).
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Figura 2. Biossintese de terpenos (Taiz e Zeiger, 2004).

O espatulenol (16) é um sesquiterpeno oxigenado, isolado pela primeira vez a
partir da espécie Eucaylptus spathulata (Myrtaceae) e pertence a classe dos
cicloaromadendreno (Orsini et al., 1993).




Alguns relatos descrevem a presenca majoritaria de espatulenol em diversas
espécies vegetais, com destaque para a familia Annonaceae (Araujo et al., 2015; Chen et
al., 2017; Meira et al., 2017). Também esta presente nas folhas de algumas espécies de
Myrtaceae de diferentes localidades, como Eugenia calycina coletadas na cidade de
Uberlandia (MG) (21,3%) (Sousa et al., 2015); E. uniflora encontradas em Anéapolis (GO)
(10,0%) (Costa et al., 2009) e Eucalyptus oleosa do municipio de Gabes (Tunisia)
(16,1%) (Marzoug et al., 2011). Em folhas de Psidium, também € relatada sua presenca,
porém, em menores concentraces. Espécie P. guajava presente em Henchir Chinchou
(Tunisia) apresentou uma concentracao de 1,96% (Khadhri et al., 2014), j& a amostra de
P. cattleianum da Mata Atlantica brasileira demonstrou um total de 0,6% de espatulenol
em sua composicao total (Marques et al., 2008).

Dentre as atribuicdes bioldgicas relatadas para esse composto encontra-se em
destaque a atividade repelente contra os vetores Triatoma infestans (doenga de Chagas),
Aedes aegypti (dengue) e Anopheles stephensi (maléria) (Cantrell et al., 2005; Lopez et
al., 2014; Meira et al., 2017). Outros estudos realizados com amostras contendo presenca
majoritaria de espatulenol em sua composic¢do, relataram atividades antioxidante (Araujo
et al., 2015; Dib et al., 2017; Meira et al., 2017), anti-inflamatdria (Apel et al., 2010),
antimicobacteriana, antifingica (Tan et al., 2016), antimicobacteriana (Wang et al., 2006;
De Lima et al., 2016), imunomoduladora (Ziaei et al., 2011) e antiproliferativa (Bonfim
et al., 2016; Petrelli et al., 2016). Quando testado isoladamente, 0 composto obtido das
folhas de Annona vepretorum apresentou promissora atividade antiproliferativa frente a
células de leucemia (K562) (Bonfim et al., 2016).

2.3 Atividades bioldgicas

2.3.1 Estresse oxidativo

As espécies reativas de oxigénio (EROs) ou nitrogénio (ERNSs) sdo geradas por
processos metabdlicos normais e observadas em diversas condicbes fisiologicas de
organismos aerobicos. Entretanto, quando ha um desequilibrio entre a producdo dessas
especies e a capacidade da célula de exercer uma resposta antioxidante eficaz, podem
ocorrer danos em lipidios, proteinas, carboidratos e no DNA celular, ocasionando o
estresse oxidativo. Apesar de sua fisiopatologia néo estar bem estabelecida, essa condi¢édo

estd relacionada ao desenvolvimento de diversas doencas, como cancer, doencas



inflamatdrias, renais, cardiovasculares, diabetes e doenca de Alzheimer (Dasuri et al.,
2013; Brown e Griendling, 2015).

Os antioxidantes representam possiveis intervencdes terapéuticas, uma vez que
apresentam capacidade de combater danos ocasionados pelo estresse oxidativo, e assim
prevenir o desenvolvimento de patologias. A principal funcdo dos antioxidantes é
eliminar ou neutralizar a formacdo de radicais livres e inibir os efeitos deletérios
ocasionados pelas espécies reativas (Morry et al., 2017). Compostos antioxidantes de
origem natural sdo amplamente utilizados e tem acdo comprovada, dentre os quais
encontra-se 0 &cido ascorbico (Vit. C) (Xu etal, 2017), curcumina (EI-Wakf et al., 2011),
quercetina (Vazquez-Flores et al., 2017), carotenoides como o 3 caroteno (Nath et al.,
2015) e licopeno (Hu et al., 2017).

Uma gama de métodos sdo empregados para determinar a capacidade
antioxidante de substéncias biologicamente ativas, entre 0s quais se encontram 0s ensaios
que avaliam a capacidade de sequestro/eliminacdo de radicais livres (DPPH e ABTYS),
a peroxidacdo lipidica induzida por um radical artificial (ORAC e MDA), capacidade de
reducdo de ferro (111) em ferro (1) (FRAP) (Bast e Haenen, 2013).

Algumas evidéncias cientificas descrevem atividade antioxidante em especies do
género Psidium. Os extratos aquoso e etandlico obtidos de folhas de P. guajava e
compostos isolados apresentaram potente atividade sequestradora de radicais livres pelos
métodos DPPH, ABTS, e FRAP; sendo que alguns dos compostos isolados apresentaram
atividade superior ao controle positivo (acido ascorbico) (Fernandes et al., 2014; Feng et
al., 2015; Kim et al.,, 2016). Os frutos das espécies P. friedrichsthalianum e P.
acutangulum também apresentaram atividade antioxidante pelos métodos DPPH e ABTS
(Flores et al., 2013; Ramos et al., 2015). Extratos aquoso e etanolico das folhas de P.
cattleianum apresentaram atividade sequestradora de radical livre pelo método DPPH
(Castro et al., 2015). Os dados relatados, indicam que espécies do género Psidium
representam promissores compostos com potencial antioxidante, entretanto, ainda nao

existem relatos evidenciando tal atividade avaliando a espécie P. guineense.

2.3.2 Inflamacéo

A inflamacdo é uma resposta fisiologica adaptativa desencadeada por estimulos
nocivos, como patdgenos, danos celulares ou irritantes (fisicos ou quimicos) que resultam
ativacdo de mecanismos que provocam alteragcdes nos componentes humorais e celulares

apos lesdo tecidual. O contato com o agente lesivo gera uma migracdo de células



circulantes, que sdo direcionadas pela presenca de substancias quimiotaticas no sitio
inflamatorio. A resposta na area lesionada é caracterizada por um processo inflamatorio,
que apresenta sinais clinicos denominados sinais cardinais da inflamacédo, sendo estes:
rubor, calor, edema, dor e prejuizo funcional (Cruvinel et al., 2010). A resposta
inflamatdria consiste num mecanismo de defesa desenvolvido pelo organismo, o qual tem
por finalidade remover o agente causador da lesdo, além de seus fragmentos resultantes e
Iniciar a restauragdo tecidual. Essa resposta atua neutralizando, diluindo ou destruindo os
agentes nocivos. A conclusdo da resposta inflamatdria e a transicdo do organismo para o
estado homeostatico é um processo ativo e altamente regulado, conhecido como resolugéo
da inflamagéo (Medzhitov, 2010; Ashlei et al., 2012).

O processo inflamatdrio é mediado por citocinas pré-inflamatorias, como o fator
de necrose tumoral (TNF) e interleucinas (IL) IL-1 e IL-6. Estas citocinas sdo proteinas
pleiotrépicas que regulam a morte celular de tecidos inflamatorios, modificam a
permeabilidade endotelial vascular, recrutam células sanguineas para tecidos inflamados
e induzem a producdo de proteinas de fase aguda (Takeuchi e Akira, 2010).

A inflamacéo pode ser diferenciada em aguda ou crénica. O processo agudo tem
curta duracdo, inicia logo apds estimulo lesivo e resulta na cura. Caracteriza-se pela
adesdo de componentes sanguineos (plasma e leucdcitos) no local inflamado eliminando
0 agente causador, resultado na restauracdo do tecido. Quando a resposta inflamatoria é
insuficiente e ndo ha completa eliminacdo do patégeno, inicia-se a fase crbnica, que
persiste por tempo indeterminado e esta relacionada a algumas doencas como artrite e
aterosclerose (Maskrey et al., 2011; Tabas e Glass, 2013).

Dentre as classes de medicamentos utilizados para o tratamento da inflamacéo
encontram-se 0s anti-inflamatérios esteroidais (AIES), também conhecidos como
glicorticoides, utilizados para tratamento de desordens inflamatorias, como alergias,
dermatites, artrite reumatoide, esclerose multipla, entre outras. Atuam interferindo na
ativacdo de fatores de transcrigdo, inibindo mediadores inflamatdrios (NF-kB), outros
genes de interleucinas e citocinas (IL-1, interferon-y (IFN-y), TNF) e ativando genes anti-
inflamatérios (IL-10 e lipocortina). O uso prolongado dessa classe de medicamentos esta
associado ao aparecimento de efeitos adversos, dos quais 0s mais tipicos sdo: diabetes,
osteoporose, hipertenséo e retardo do crescimento (De Bosscher et al., 2010; Torres et
al., 2012)

Outra classe utilizada no tratamento de inflamagdes e dores s&o os anti-

inflamatorios ndo esteroidais (AINES), que atuam inibindo a liberagdo da enzima



cicloxigenase (COX): cicloxigenase-1 constitutiva (COX-1) e cicloxigenase-2 (COX-2),
que agem bloqueando a biossintese prostaglandinas e tromboxanos a partir do &cido
araquidonico. Os AINEs néo seletivos bloqueiam as duas isoformas da COX, levando em
consideracdo que COX-1 executa funcbes fisiologicas no organismo, o uso de tais
medicamentos ocasiona efeitos indesejaveis como ulceracGes e nefrotoxicidade (Harrak
et al., 2007; Tarp et al., 2012). Ja os inibidores seletivos de COX-2, os coxibes, atuam
inibindo essa enzima, porém, mantém a producdo de prostaglandinas via COX-1, que esta
envolvida na manutencéo da integridade mucosa gastrointestinal, afim de evitar os efeitos
adversos gastrointestinais (Sostres et al., 2013).

Considerando as limitagdes e os efeitos indesejaveis ocasionados pelo uso dos
medicamentos anti-inflamatorios disponiveis no mercado, ha um crescente interesse na
descoberta de compostos naturais ativos e menos toxicos, que possam ser eficazes no
tratamento de processos inflamatorios (Feng et al., 2016).

Dentre os modelos experimentais utilizados para avaliar atividades anti-
inflamatorias de compostos biologicamente ativos estdo a avaliacdo da migracdo de
leucdcitos, teste de edema na pata do animal induzido por substancias quimicas
inflamatdrias, modelos de inflamac&o por mecanismos autoimunes, modelos que utilizam
agentes infecciosos, teste da permeabilidade capilar induzida pelos marcadores da
inflamac&o, pleurisia ou peritonite e edema inflamatorio de orelha induzido por agentes
irritantes (Lapa et al., 2007).

2.3.3 Céancer

O céncer, também denominado como neoplasia ou tumor maligno, compreende
um grupo de doencas complexas e heterogéneas, caracterizado pela proliferacao
descontrolada de células alteradas, com capacidade de invadir tecidos adjacentes e se
disseminar para outros 6rgaos (Popat et al., 2013). Trata-se de uma das principais causas
de morbidade no mundo, segundo a Organizacdo Mundial da Satde (OMS), s6 no ano de
2015 um total de 8,8 milhGes de mortes foram ocasionadas por cancer (Who, 2017).

Véarios mecanismos bioquimicos entdo envolvidos na génese e desenvolvimento
do cancer, incluindo o estresse oxidativo, induzido por radicais livres, que atua causando
danos no DNA celular (Reuter et al., 2010). Fatores ambientais como o estilo de vida
sedentario, tabagismo, ingestdo de bebidas alcoodlicas, e outras fatores de ordem genética,

hormonal e fisiologica também estdo envolvidos na etiologia da doenga (Kanavos, 2006).



Alguns dos farmacos utilizados para o tratamento do cancer séo oriundos de
plantas medicinais. A quimica de produtos naturais constitui uma das principais linhas de
pesquisa na busca de novos agentes anticancerigenos (Silva et al., 2003). No periodo de
1940 até o final de 2014, 49% dos farmacos descritos para tratamento do cancer eram de
origem vegetal ou moléculas sintetizadas a partir de produtos naturais (Newman e Cragg,
2016).

Drogas como a vincristina e vimblastina sdo produzidas a partir de alcaldides
isolados Catharantus roseus. Atuam inibindo o fuso mitético, interrompendo a divisao
celular na metéstase e sdo utilizadas no tratamento de leucemia, cancer de mama, rins,
tumor de ovario e linfoma de Hodgkin (Carvalhaes et al., 2002). O medicamento
Paclitaxel®, é produzido a partir do taxol, um alcaloide derivado de Taxus brevifolia e
Taxus baccata, apresenta acao antiproliferativa semelhante a dos alcaloides da vinca
(Correa, 1995). Espécies de Croton constituem uma vasta fonte de substancias ativas
contra o cancer, como os triterpendides (clerodano, furoclerodano e diterpenos aciclicos)
e alcaldides como a taspina (Salatino et al., 2007).

Dentre os diferentes tipos de cancer que acomete o0s seres humanos, encontra-se o
de ovario, que atinge exclusivamente o sexo feminino (Smith et al., 2000), que é
caracterizado por um dificil progndstico, dessa forma, a maioria dos casos sdo
diagnosticados ja em fase avancada, o que dificulta o seu tratamento (Jemal et al., 2009).
Os tratamentos convencionais consistem em procedimentos cirdrgicos, radiacéo,
quimioterapias, medicacao e outras terapias. Entretanto, a resisténcia aos farmacos e a
toxicidade representam uma grande dificuldade, fazendo assim necessario o
desenvolvimento de novos farmacos, mais eficientes e menos toxicos, para o tratamento

desse tipo de tumor (Guan et al., 2012).

2.3.4 Tuberculose

A tuberculose (TB) é uma doenca infectocontagiosa, cujo agente etiologico é o
Mycobacterium tuberculosis (MTB), também denominado de Bacilo de Koch (Fiuza De
Melo et al., 2005). A doenca apresenta caracteristicas como longo periodo de laténcia
entre a infecgdo inicial e a apresentacdo clinica da doenga. A TB acomete 0s pulmdes,
mas também pode ocorrer em outros 6rgdos do corpo como 0ss0S, rins, meninges e
linfonodos (Iseman, 2005). No ano de 1993, a OMS a declarou como uma emergéncia de
salde publica mundial, ressaltando a necessidade de medidas efetivas para seu controle.

A doenga € considerada um grave problema de saude pablica, sendo a principal causa



mundial de morte por um Unico agente infeccioso. Em 2016, a OMS relatou um total de
10,4 milhdes de novos casos, sendo que estes, ocasionaram 1,8 milhdes de mortes no
mundo (Hornes et al., 2010; Who, 2014; 2016)

A terapéutica recomendada pelo Ministério da Salde para o tratamento da
tuberculose consiste em seis meses de utilizacdo de quatro drogas de primeira linha:
isoniazida, rifampicina, etambutol e pirazinamida. Ja em casos de tuberculose multidroga
resistente MDR-TB (multidrug resistant tuberculosis), o tratamento consiste em 3 meses
de estreptomicina, etionamida, etambutol e pirazinamida e 9 meses de etionamida e
etambutol (Castelo Filho et al., 2004). O tratamento irregular eleva as taxas de resisténcia.
Sejam essas primaria, em pacientes nunca tratados, contaminados por bacilos
previamente resistentes, quanto adquirida, em pacientes com TB inicialmente sensivel,
gue se tornam resistentes apds a exposicao aos medicamentos (De Rossi, 2006).

Devido ao aparecimento de cepas resistentes e dada a alta toxicidade de farmacos
para o tratamento da TB, ha uma necessidade de desenvolvimento de novos farmacos,
mais eficazes e menos toxicos que as drogas correntes, visando assim, a reducdo do tempo
e a complexidade do tratamento (Koul et al., 2011).

A busca por novas substancias ativas contra o0 MTB representa um grande desafio
para a ciéncia atual. Objetiva-se encontrar novas moléculas capazes de reduzir a duragéo
total do tratamento, que apresentem compatibilidade com os farmacos ja existentes e acéo
sinérgica, evitando a interacdo com outros medicamentos (Orme et al., 2001; Zhang;
Amzel, 2002).

Pesquisas na area de produtos naturais tem se intensificado, especialmente na
busca por compostos e espécies de plantas ativos contra 0 MTB, com o desenvolvimento
de técnicas de rastreio mais facil, rapido e mais seguro. Varios autores consideram
necessaria uma concentrago inibitoria minima (CIM <200 pg/mL) para que uma amostra
vegetal seja considerada ativa contra o MTB e colabore com o desenvolvimento e
evolugdo de pesquisas, como identificacdo de compostos ativos, testes in vivo com
modelos animais, ensaios clinicos, entre outros (Chimponda e Mukanganyama 2010;
Negi et al., 2010).



3.0 OBJETIVOS

3.1 Objetivo Geral

Composicdo quimica e avaliacdo da atividade antioxidante, anti-inflamatoria,
antiproliferativa e antimicobacteriana do 6leo essencial e composto majoritario isolado

das folhas de Psidium guineense Swartz (Esquema 1).

3.2 Objetivos especificos
e Extracdo, analise da composi¢do quimica e isolamento do composto majoritario
(espatulenol/PG-1) presente no 6leo essencial das folhas de P. guineense (OEPG);
e Avaliacdo das atividades bioldgicas de OEPG e PG-1.:
Atividade antioxidante pelos métodos DPPH, ABTS e MDA,
Atividade anti-inflamatdria pelos métodos de pleurisia e edema de pata;
Atividade antiproliferativa pelo método de Sulforrodamina B;

Atividade antimicobacteriana frente ao Mycobacterium tuberculosis.

Oleo essencial
(OEPG)
Isolamento
(principal constituinte)
Psidium guineense v Atividade antioxidante:
(Dourados-MS) — | v  Aftividade anti-inflamatéria
v Atividade antiproliferativa;
v' Atividade antimicobacteriana
Espatulensl
(P&-1) _
Composigdo quimica Atividade bioldgica

Esquema 1. Proposta de estudo para folhas de P. guineense coletadas em Dourados-MS.
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ABSTRACT

Ethnopharmacological relevance: Leaves from Psidium guineense Swartz are used in
popular medicine for the treatment of inflammatory disease. However, there is no
scientific evidence demonstrating this activity. Aim of the study: To evaluate the
antioxidant, anti-inflammatory, antiproliferative and antimycobacterial activities of the
essential oil of P. guineense and spathulenol (a major constituent). The study was
conducted in part to provide evidence supporting the ethnobotanical use of the leaves of
this species. Material and methods: The essential oil (EOPG) was extracted from the
leaves of P. guineense by hydrodistillation and was analysed by gas chromatography-
mass spectrometry (GC—MS). The major compound, spathulenol (PG-1), was isolated in
a chromatographic column and characterized by nuclear magnetic resonance (NMR).
EOPG and PG-1 were evaluated in vitro for antioxidant activity by DPPH, ABTS and
MDA methods; anti-inflammatory potential was assessed using two models, including
pleurisy and oedema, in mice. The impact of EOPG and PG-1 on cell proliferation was
determined via spectrophotometric quantification of the cellular protein content using a
sulforhodamine B assay, and anti-Mycobacterium tuberculosis activity was determined
using the REMA method. Results: A total of 38 components were identified from the
EOPG, with the sesquiterpenic alcohol spathulenol (PG-1) (80.7%) being the major
constituent. EOPG and PG-1 exhibited the highest antioxidant activities in the DPPH and
MDA system compared with reference standards, with ICso values ranging from 26.13-
85.60 pg/mL. Oral administration of EOPG and PG-1 showed significant inhibition in the
carrageenan-induced mice paw oedema and pleurisy model. The EOPG (Glso = 0.89
pg/mL) and PG-1 (Glsp = 49.30 pg/mL) were particularly effective against the ovarian
cancer cell line. Both showed moderate antimycobacterial activity. Conclusion: For the
first time, this study demonstrated the antioxidant, anti-inflammatory, antiproliferative
and antimycobacterial properties of the essential oil of P. guineense (leaves were
collected in Dourados-MS) and spathulenol, collaborating the etnhopharmacologycal use

of this plant due to its an anti-inflammatory effect.

Keywords: Araca, antioxidant, oedema, pleurisy, anti-Mycobacterium tuberculosis,

antiproliferative.



1. Introduction

Psidium guineense Swartz. (Myrtaceae) is a native shrub or small tree in tropical
America that is 1-9 m in height and can be found from Southern Mexico to Northern
Argentina and Brazil (Neira Gonzalez et al., 2005). In Brazil, it is known as ‘goiabinha-
araga’, ‘araga-do-campo’, ‘araga verdadeiro’ or ‘goiabinha selvagem’. The fruits are used
in preparations that can be eaten raw or in the form of desserts, drinks, ice cream and
liqgueurs (Manica, 2000). In folk medicine, the leaves of P. guineense Swartz. Are used
in the treatment of inflammation (Franzon et al., 2009), and the roots and bark are used
to treat gastrointestinal disorders or as a diuretic (Rodrigues and Carvalho, 2001).

Studies of the biological activity of this plant have demonstrated antimicrobial
properties of leaf extracts (Fernandes et al., 2012; Neira Gonzélez et al., 2005; Vieira et
al., 2012) and the antioxidant potential of the fruits (Damiani et al., 2012; de Araljo et
al., 2016; Gordon et al., 2011). Chemical screening of extract from the leaves of this
species identified bioactive compounds such as phenolics, lycopene, vitamin C and
flavonoids (Rivero-Maldonado et al., 2013). In previous studies, some researchers have
analysed the chemical composition of the essential oil of this plant (da Silva et al., 2013;
Peralta-Bohdrquez et al., 2010; Tucker et al., 1995). Studies of the essential oil extracted
from P. guineense leaves collected in Boa Vista (Brazil) identified a predominance of
monoterpenes (including limonene) and sesquiterpenes (B-bisabolol and epi-a-bisabolol)
(da Silva et al., 2003). Although the chemical composition of the essential oil generated
from the leaves of this plant has been studied, research regarding its biological activities
is still limited.

To the best of our knowledge, no studies have evaluated the biological activities
of the essential oil from leaves for this species. Thus, the aim of this study was to further
investigate the chemical composition of the essential oil from P. guineense leaves and

evaluate its antioxidant, anti-inflammatory, antiproliferative and antimycobacterial



properties as well as the major identified compound in this oil. In addition, we wished to
explain the ethnobotanical uses of leaves from this plant to treat inflammation in

traditional Brazilian medicine.

2. Materials and methods
2.1 Chemicals and drugs

For in vitro assays, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTSe+), 2,2-diphenyl-1-picrylhydrazyl (DPPH), butylated hydroxytoluene (BHT),
dimethyl sulfoxide (DMSO), doxorubicin, isoniazid, resazurin, rifampicin, RPMI-1640
medium, sulforhodamine B, tetramethylsilane and trichloroacetic acid were purchased
from Sigma-Aldrich (St. Louis, MO, USA); additional materials used included analytical-
grade chloroform and methanol from Vetec, (RJ, Brazil), Broth Middlebrook 7H9 and
7h11 from Difco/Becton Dickinson (Sparks, USA), n-hexane from Dinamica Quimica
Contemporanea (SP, Brazil), oleic acid, bovine serum albumin, dextrose, and catalase
(OADC enrichment) from BBL/Becton Dickinson (Sparks, USA)., and thin-layer
chromatography (TLC) plates from Macherey-Nagel GmbH & Co. (Duren, Germany).
For in vivo assays, A-carrageenan (Cg) and dexamethasone (DEXA) were purchased from
Sigma-Aldrich (St. Louis, MO, USA); phosphate buffered saline (PBS) and Turk’s

solution were obtained from Vetec (RJ, Brazil).

2.2 Plant material

Leaves of P. guineense were collected in the Dourados-MS in March of 2015. Dr.
Zefa Valdevina Pereira (A Botanist and faculty member of the department of Biological
and Environmental Sciences) authenticated the plant and a specimen voucher was

deposited in the herbarium of the Federal University of Grande Dourados-UFGD (DDMS



5502). The authorization for accessing and studying samples from the Brazilian genetic
heritage was obtained from the Brazilian government through National Council for
Scientific and Technological Development (CNPq) (CNPq authorization no.

010220/2015-1-CNPg/CGEN/MMA)

2.2.1. Extraction of essential oil

Fresh P. guineense leaves (300 g) were subjected to hydrodistillation in a
Cevenger-type apparatus for approximately 4 h to obtain the essential oil according to the
procedure described in the Brazilian Pharmacopoeia. The obtained essential oil (EOPG)
presented as a colourless liquid and had a distinct aroma. This sample was dried over

anhydrous sodium sulfate and after filtration was stored at -4 °C until use.

2.2.2. Essential oil analyses and identification of components— GC/MS

The EOPG analyses were performed using a gas chromatograph equipped with a
mass spectrometer detector (GCMS-QP2010 Ultra, Shimadzu, Kyoto, Japan). A DB-5
column (30 m length, 0.25 mm internal diameter, 0.25-um film thickness) was used, with
helium (99.999% purity) used as the carrier gas at a flow rate of 1.0 mL min™tand an
injection volume of 1 pL (in split mode, 1:10). The initial oven temperature was 50 °C
and it was heated to 280 °C at 3 °C min™%. The injector temperature was 220 °C, and the
temperature of the transfer line and the quadrupole detector was 280 °C. The MS scan
parameters included an electron impact ionization voltage of 70 V, a mass range from 50
to 550 Daltons and a scan interval of 0.3 s.

The retention index was calculated using a mixture of linear alkanes (C8-C30) as

an external reference (Adams, 2007). Compound identification was achieved by



comparing the mass spectra of the samples with the spectra available in the NIST21 and

WILEY229 libraries as well as with data reported in the literature (Adams, 2007).

2.2.3. Isolation and identification of the major EOPG constituent

A portion of the EOPG obtained by hydrodistillation was purified by column
chromatography (CC) in silica gel, using as eluent mixture of n-hexane/chloroform with
increasing polarity. A total of 54, 10 mL fractions were collected and each was assessed
by thin-layer chromatography (TLC) to make comparisons, then the sub-fractions EOPG-
1 to EOPG-7 were pooled. The sub-fraction eluted with 40% of the n-hexane/chloroform
mixture (EAF-4) yielded compound PG-1. The NMR measurements were carried out on
a Varian Mercury Plus BB spectrometer operating at 300 MHz for *H and 75.5 MHz for

13C, using CDCls as the solvent and tetramethylsilane (TMS) as the internal standard.

2.3. Animals

Experiments were conducted using female and male Swiss mice (50 days old, 20
-30 g, n=6) and female Wistar rats (50 days old, 200-300 g, n=6) provided by the Federal
University of Grande Dourados (UFGD). All animals were kept under 12:12 h light—dark
cycle conditions with the temperature maintained at 22 + 3 °C and with free access to
food and water. The animals were acclimated to the experimentation room for at least 2
h before testing and were used only once throughout the experiments. All experimental
procedures were approved by the Ethics Committee in Animal Experimentation of UFGD

(27/2015),

2.4. Antioxidant assays

2.4.1 ABTS and DPPH radical scavenging



Free radical scavenging activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
azino-bis (ethylbenzothiazoline-6-sulfonic acid) (ABTS) were determined by a
spectrophotometric method (Blois, 1958; Burits and Bucar, 2000 and Re et al. 1999), with
modifications. For the DPPH test, different concentrations of EOPG or PG-1 in methanol
(10-100 pg/ml) were added to 2 mL of a 0.1 mM solution of DPPH that was previously
prepared and incubated in the dark for 30 min. The absorbance was recorded at 517 nm
using a UV spectrophotometer (Biospectro sp 220). In the ABTS assay, 1980 mL of
diluted ABTS+ solution was added to 20 uL. of EOPG or PG-1, and the absorbance at 734
nm was measured 6 min after the initial mixing. BHT was used as a positive control.
Assays were carried out in triplicate. The percentage inhibition was calculated as (1%) =
(A0 — A/A0) x 100, where AO is the absorbance of the control, and A is the absorbance
of the samples. The 1Cso value was calculated as the concentration of sample required to

scavenge 50% of free radicals by graphing the 1% versus extract concentration.

2.4.2. MDA

The antioxidant activity of EOPG and PG-1 in rat brain homogenates was
evaluated according to a method descript by Stocks et al., 1974, with modifications.
Malondialdehyde (MDA) was used to evaluation of lipid peroxidation. Aliquots (50 pL)
of samples at different concentrations (EOPG or PG-1; 25-100 pg/ml) or phosphate buffer
(control) were added to 3 mL of homogenate and 1.2 mL of trichloroacetic acid, then the
samples were centrifuged to collect the precipitated proteins. The supernatant (1 mL) was
heated with 1 mL of an aqueous solution of 0.67% thiobarbituric acid for 15 min at 100
°C. The absorbance at 535 nm was measured using a spectrophotometer (Biospectro sp

220). Butylated hydroxytoluene (BHT) was utilized as a positive control. The calculation



of the antioxidant antioxidant (AA%) was based on the following equation: AA % = 1-

(Asample —Aosample/ A’ control — A’Ocontrol) x 100

2.5. Anti-inflammatory assay
2.5.1 Carrageenan-induced paw oedema

Swiss male mice were orally treated with EOPG (30, 100 or 300 mg/kg), or the
vehicle (saline solution). A second group of mice was treated subcutaneously with the
positive control (dexamethasone; 0.5 mg/kg). After 1 h, the animals received a 50 pL s.c.
injection into the right hind paw of carrageenan (300 pg/paw) that was suspended in
sterile 0.9% saline. The contralateral paw received only saline solution and was used as a
control. The thickness of the paw oedema was measured using a plethysmometer
(PANLAB Harvard) 1 h before any treatment and at different time points (0.5, 1, 2 and 4
h) after the injection of carrageenan. The results were expressed in milliliter and the

differences between control versus samples quantified as oedema (Henriques et al., 1990).

2.5.2 Pleural cell migration and protein exudation

Different groups of female mice were treated with EOPG (30 or 100 mg/kg, v.0.),
PG-1 (100 mg/kg, v.0), vehicle (saline solution) or dexamethasone (0.5 mg/kg,
subcutaneously, positive control). The naive (negative control) group was treated with
sterile saline solution (0.9%) by intrapleural injection. Pleurisy was induced by the
intrathoracic injection of 100 pL of a 1% carrageenan solution as previously described by
Vinegar et al., 1973. Naive mice received an equal volume (100 pL) of sterile, pyrogen-
free saline. After 4 h, the animals were killed with isoflurane (1.5%) and the thoracic
cavity was washed with 1 mL of phosphate buffered saline (PBS), and the pleural exudate

was collected. The exudate volume was measured, and an aliquot of 20 pL was diluted in



Turk’s solution (1:20) and used to determine the total number of leukocytes present in a
Neubauer chamber. To verify protein extravasation, a portion of the exudates were
centrifuged and the protein concentrations were determined by the Bradford method

(Bradford, 1976).

2.6. Antiproliferative activity

The antiproliferative activities of EOPG and PG-1 were analysed according to the
sulforhodamine B method (Monks et al., 1991). The human cell lines U251 (glioma),
breast (MCF-7), resistant ovary (NCI/ADR-RES), renal (786-0), lung (NCI-H460),
prostate (PCO-3), ovarian 2 (OVCAR-3), colon (HT-29), leukaemia (K-562) and
keratinocytes (HaCaT) were obtained from the National Cancer Institute (Frederick, MD,
USA) and were grown in 5 mL of RPMI 1640 medium (Gibco-BRL, Life Technologies,
USA) supplemented with 5% foetal bovine serum. The cells were placed in 96-well plates
(100 pl of cells/well) and then exposed to different concentrations of EOPG and PG-1 in
DMSO (0.25 to 250 pg/ml) at 37 °C and 5% CO; for 48 h. Doxorubicin (0.025 to 25

pg/mL) was used a positive control.

2.7. Anti-Mycobacterium tuberculosis activity

The antimycobacterial activity of EOPG and PG-1 was determined using the
REMA method (Palomino et al., 2002). M. tuberculosis (MTB) H37Rv (ATCC 27294)
was grown in Middlebrook 7H9 broth (Difco/BectonDickinson) supplemented with
OADC enrichment (BBL/Becton Dickinson), and the turbidity was adjusted to a
McFarland no. 1 standard. Stock solutions of the samples were diluted in DMSO to obtain
final concentrations in a range of 0.98 to 250 pug/mL. Rifampicin and isoniazid were

solubilized according to the manufacturer’s recommendations and used as positive



control drugs in the range of 0.004 to 1 pg/mL. The bacterial suspension (5 X
10° CFU/mL) was then added to each in 96-well plate. Plates were incubated for 7 days
at 37 °C, after which resazurin was added to test viability. The plates were analysed for
colour change and fluorescence with a SPECTRAfluor Plus microfluorimeter
(TECAN). Assays were performed in duplicate on separate days. The MIC was defined

as the lowest concentration resulting in 90% growth inhibition of M. tuberculosis.

2.8 Statistical analyses

The data are expressed as the means * standard error of the mean (SEM).
Statistical comparisons were performed using a one-way ANOVA followed by the
Student-Newman-Keuls test, and the differences were considered statistically significant
when P<0.05. The number of animals per group is indicated in the legends. All statistical
calculations and graphs were prepared using GraphPad Prism version 5.0 for Windows

(GraphPad Software, San Diego, CA, USA).

3. Results and Discussion

The analysis of EOPG by GC-MS identified 38 compounds, with the
sesquiterpene spathulenol being the dominant constituent (80.71%) (Table 1). The
remaining constituents were present at concentrations of less than 4.0% (Table 1). Our
results showed a different chemical composition than previously reported (Silva et al.,
2003) which analysed the essential oil of the P. guineense leaves collected from Boa Vista
(Roraima State, Brazil) and reported the B-bisabolol (17.40%), limonene (6.82%) and epi-
a-bisabolol (6.73%) were the main compounds. Previous research has reported that P.
guineense essential oil from leaves obtained in the state of Arizona also contained f-

bisabolene (13.18%) and a-pinene (12.85%) (Tucker et al., 1995). These variations in the



levels of the compounds may be related to the local environments and conditions to which
the assayed plant was exposed. Seasonality, circadian rhythm, temperature and
brightness, as well as the stage of development and nutritional factors, are all likely to
influence the chemical composition of essential oils (Gobbo-Neto and Lopes, 2007). The
specimen analysed in the present study was collected in the Cerrado near Dourados city
(state of Mato Grosso do Sul, midwest Brazil), an area characterized by the presence of
latosol, with low-activity clay that is poor in nutrients, acids and has high levels of

exchangeable aluminium.

Table 1. Identification of constituents of the essential oil obtained from EOPG.

N° Retention index Retention Content (%)
Identify (determined) time
1 a-pinene 932 7.56 0.14
2 Limonene 1024 11.09 0.24
3 1,8-cineole 1026 11.19 1.45
4 B-Ocimene 1032 11.46 0.10
5 E-Tagetone 1039 15.49 0.53
6 Y-Terpineol 1162 16.93 1.91
7 a-Terpineol 1186 18.18 0.12
8 Longicyclene 1366 26.10 0.16
9 a-Ylangene 1373 26.34 0.27
10  Geranyl acetate 1379 26.65 0.15
11  E-Caryophyllene 1417 28.19 0.31
12 Khusimene 1453 29.58 0.19
13  p-Santalene 1457 29.77 0.25
14 Ishwarane 1465 30.09 0.11
15  Y-Gurjugene 1475 30.48 0.23

=
»

Germacrene D 1484 30.93 0.09



17  a-Zingiberene 1493 31.24 0.67
18  Bicyclogermacrene 1500 31.36 0.08
19  B-Bisabolene 1505 31.78 0.29
20  5-Cadinene 1522 32.42 0.34
21  Spathulenol 1569 34.25 80.71
22 Pygmacin 1581 34.48 0.22
23 Globulol 1590 34.93 0.33
24 Cedrol 1600 35.27 0.46
25  Hillone 1607 35.63 0.09
26  B-Acorenol 1632 36.50 0.32
27  epi-a-Muurolol 1640 37.00 0.58
28  a-Muurolol 1644 37.16 0.30
29  Selin-11-em-4-g-ol 1658 37.48 0.47
30  epi-p-Bisabolol 1670 38.00 0.37
32  epi-o-Bisabolol 1683 38.50 0.76
33  o-Bisabolol 1685 38.59 1.05
34  2Z,6Z-Farnesol 1698 39.02 1.06
35  2E,6Z —Farnesal 1713 39.61 0.13
36  2Z,6E-Farnesol 1722 39.86 3.65
37  2E,6E Farnesal 1740 40.57 0.21
38  B-Bisabolenol 1789 42.58 0.13
Total identified 98.47
Monoterpenes (10)
Oxygenated Monoterpene 1)
Sesquiterpene (12)
Oxygenated Sesquiterpene (15)

The analysis was performed in triplicate and showed a coefficient of variation of < 2%
of the retention times.



The formation of sesquiterpenes begins with the condensation of two
pyrophosphate isoprenoids, geranyl pyrophosphate and isopentenyl pyrophosphate (IPP),
generating farnesyl pyrophosphate. The predominance of the sesquiterpenic alcohol in
the essential oil of P. guineense is derived from the cyclization of trans-pyrophosphate
farnesyl and allo-aromadendrene type skeleton (Fig. 1). Among the proposed
intermediaries (Fig. 1), bicyclogermacrene was also found in the P. guineense essential

oil at concentrations of 0.08%, with a 31.36 min. retention time (Table 1).
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Fig. 1. Proposed biosynthetic route for the sesquiterpenic alcohol spathulenol.

Fractionation of part of the P. guineense EOPG resulted in the isolation of a
sesquiterpenic alcohol derived from allo-aromadendrene, spathulenol (PG-1). The *H and
13 C NMR data showed signals for three methyl groups at &4 1.06 (s, H-12)/ 8¢ 28.7 (C-
12), 8n 1.04 (s, H-13)/ 6c 16.4 (C-13), and 8w 1.29 (s, H-14)/ ¢ 26.1 (C-14), with
integrations for three protons each, and signals for the exocyclic double bonds were
observed at 61 4.67 (S, H-15a) and 6n 4.69 (s, H-15b) and 6c 106.3 (C-15). A change in
the displacement of a methyl group occurs in the presence of the hydroxyl group at C-4.

The 3C NMR data were characteristic the skeleton of sesquiterpenic, by the presence of



signals of eleven other carbon atoms, with four signals of the methynic carbon at 6c 53.4
(C-1), 6c54.4 (C-5), 6¢ 30.1 (C-6) and 6c 27.6 (C-7), four methylene at d¢c 26.8 (C-2), dc
41.8 (C-3), 6c 24.9 (C-8) and 6c 38.9 (C-9), two quaternary at 6c 81.5 (C-4) and oc 20.8
(C-11) and one carbinolic carbon at d¢c 153.5 (C-10). These data were consistent with
those described in the literature for sphatulenol (Krebs et al., 1990).

Spathulenol, a sesquiterpene reported to be major volatile component of the
essential oils of several aromatic Myrtaceae species, including Eugenia calycina, E.
uniflora, Psidium guajava and P. cattleianum (Costa et al., 2009; Khadhri et al., 2014;
Marques et al., 2008; Sousa et al., 2015). Studies of essential oils containing spathulenol
as a major compound have reported some biological activities, such as antiproliferative
(Bendaoud et al., 2010; Wang et al., 2006), anti-inflammatory (Apel et al., 2010; Dib et
al., 2017), and antimicrobial activities (Tan et al., 2016), as well as repellent activity
against Aedes aegypti and Anopheles stephensi (Cantrell et al., 2005).

The antioxidant activity of EOPG and PG-1 was determined using a radical
scavenging assay and lipoperoxidation, shown in Table 2. The results show that EOPG
and PG-1 exhibited significant DPPH free radical activity, with ICso values of 63.08 and
85.60 ng/mL, respectively, which was comparable to an ABTS assay that presented ICso
values > 780.13 pg/mL (Table 2). In a spontaneous lipoperoxidation rat brain homogenate
model, when incubated in controlled temperature and oxygenation conditions, EOPG and
PG-1 exhibited the highest activity, with 1Cso values of 37.91 and 26.13 pg/mL,
respectively, which were comparable to a commercial antioxidant BHT (38.41 pg/mL),
Thus, EOPG and PG-1 contributed to a decrease in the generation of MDA, which is a
toxic product resulting from the degradation of the cell membrane by lipid peroxidation,

causing cell ruptures and mutations (Wang et al., 2014).



The antioxidant effects observed for EOPG in DPPH and MDA are considered
significant when compared to the positive control BHT, a standard antioxidant that
effectively inhibits the formation of free radicals and lipid peroxidation (Bajpai et al.,

2017), and may be partly the result of the presence of the primary component, spathulenol.

Table 2: The antioxidant effects of EOPG and PG-1 in DPPH, ABTS and MDA assays.

Radical scavenging Lipoperoxidation

Samples DPPH ABTS MDA

1Cs0 pg/mL (95% confidence limit)

EOPG  63.08 (65.92-60.74)  780.13 (767.45 - 792.77)  37.91 (36.23 - 40.50)
PG-1  85.60 (88.43-89.38)  639.25 (622.33 - 644.68)  26.13 (24.30 - 28.68)
BHT 16.7 (14.15 - 18.80) 97.60 (95.50 - 99.40)  38.41 (36.51 - 41.22)

Values are expressed as the mean (n = 3); 1Cso = concentration resulting in 50% inhibition, derived from
the graph of 1% (inhibition percentage) versus concentration in pg/mL

The anti-inflammatory effect of EOPG was evaluated through the carrageenan-
induced mice paw oedema and pleurisy model. The injection of carrageenan in the paw
induced oedema that started at 30 min and peaked at 1 h. In the first hour, the oral
treatment with EOPG (300 mg/kg) significantly inhibited oedema formation compared to
the control group, and this reduction continued after the second and fourth hour of
observation (Fig. 2A), with inhibitions of the 59.46 + 3%, 51.03 + 5% and 48.48 + 2%,
respectively. The positive control (DEXA) showed a significant reduction at all time
points, with same inhibition of 84.84 + 5% after 2 h and 4 h. When EOPG was evaluated
in low doses (30 and 100 mg/kg) to assess its performance, the inhibition was maintained
only at a dose of 100 mg/kg, with a maximal inhibition of 56.50 + 6% (Fig. 2B) 4 h after

of carrageenan administration but did not occur in a dose dependent manner.
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Fig. 2. Effect of oral administration of EOPG on carrageenan-induced paw oedema in
male Swiss mice (n=6). Animals received EOPG (30, 100 or 300 mg/kg, p.0.) or control
(vehicle) or dexamethasone (DEXA, 0.5 mg/kg, s.c.) and after 1 h an intraplantar injection
of carrageenan (300 pg/paw). Panels (A) represent the evaluation of EOPG (300 mg/kg)
and DEX (0.5 mg/kg) on paw oedema at 0.5, 1, 2, 3 and 4 h after carrageenan injection.
In (B), bars show the effect of different doses of EOPG (30 and 100 mg/kg) and DEXA
(0.5 mg/kg) on paw oedema (mL) 4 h after the carrageenan injection. Each bar represents
the mean + SEM of 6 animals/ group. ** P < 0.01, *** P < 0.001 when compared with
the control group. One-way ANOVA followed by the Newman-Keuls test.



To investigate whether EOPG induced anti-inflammatory effects in another model
of experimental inflammation, EOPG and PG-1 (spathulenol) were tested in a pleurisy
model that induces inhibition of inflammatory parameters such as leukocyte migration
and protein extravasation. The results were expressed as leukocytes counts and plasma
leakage in mg of protein/mL (Fig. 3). Administration of carrageenan to the pleural cavity
of the animals induced an increase in total leukocyte numbers (Fig. 3A), and an increase
in protein extravasation (Fig. 3B) 4 h after injection. EOPG (30 and 100 mg/kg) and PG-
1 (100 mg/kg) given by the v.o. route, significantly reduced the increase in total
leukocytes (inhibition of 45.33 £ 3%, 77.70 £ 5% and 75.20 + 1%, respectively) (Fig. 3A)
and reduced the rise in protein levels (inhibition of 49.72 £+ 7%, 78.40 + 4% and 82.00
2% respectively) induced by carrageenan in the pleural cavity. For the positive control, a
reduced increase in total leukocytes and in protein levels was observed (83.00 = 0.8% and
93.20 + 1%, respectively).

Species of this genus have been reported to have pharmacological effects on
inflammatory states, and extracts of P. friedrichsthalianum have been investigated for
effects against chronic obstructive pulmonary disease, interleukin-8 (IL-8) and inhibition
of matrix metalloproteinase-1 (MMP-1) expression before and after treatment with
cigarette smoke (Flores et al., 2013), P. acutangulum inhibited the secretion of the pro-
inflammatory cytokines, TNFa, IL-1pB, IL-6, IL-8 and NO (Houél et al., 2015), and the
essential oil from P. guajava leaves may be useful to treat inflammatory diseases by

mechanisms that include the inhibition of eosinophil migration (Siani et al., 2013).
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Fig. 3. Effects of EOPG and PG-1 on total leukocytes (A) and protein extravasations (B)
induced by carrageenan in the pleural cavity of mice. Animals received an oral treatment
EOPG (30 or 100 mg/kg), PG-1 (100 mg/kg) DEXA (0.5 mg/kg; s.c.), naive and control
received only the vehicles. After 1 h, they received an intrapleural injection of Cg or
saline solution (100 ul of a 1% solution/cavity). The bars represent the mean £ SEM of 6
animals. The # symbol indicates the significant differences between naive and control
group (P <0.001), while the * symbol compares the treated group in relation to the control



group: *** P < 0.001, ** P < 0.01, * P < 0.05, one-way ANOVA followed by Student-
Newman-Keul.

EOPG showed an antiproliferative activity against most cell lines compared to
PG-1 (spathulenol), the main constituent of the essential oil, with a Glso less than 9.84
pg/mL towards all cell lines, and it displayed significant activity against OVCAR-3 (Glso
= 0.89 pg/mL, TGI = 49.30 pg/mL). The moderate activity against the OVCAR-3 cell
line was also observed for spathulenol (Glso = 49.30 pg/mL), which did not demonstrate
cytostatic activity. The activity of EOPG can be the result of synergistic effects associated
with other compounds present, such as a-bisabolol, a sesquiterpene alcohol, which are
reported in the literature to have a potential antiproliferative activity capable of inducing
apoptosis in pancreatic cancer cells (Uno et al., 2016); 1,8-cineole has also been
previously shown to have antiproliferative activity on liver cells (Rodenak et al., 2014).
The essential oil of P. guajava was active against human mouth epidermal carcinoma
(Manosroi et al., 2006). Fruit extracts of P. cattleianum reduced the proliferation of breast
tumour and colon cells (Medina et al., 2011).

Ovarian cancer is common type of cancer in women and usually has a poor
prognosis with regards to long-term treatment (Jemal et al., 2009). Thus, the discovery of
alternative therapies against this type of tumour represents is a priority for science

(Kwiecinska et al., 2012).



Table 3. Glso values (pg/mL); TGI and LCso (values in parentheses) in pg/mL for EOPG, spathulenol and doxorubicin (DOX) in ten tumour cell
lines.

Cancer Cell Lines

Glso values (pg/mL)

MCF- NCI/ADR- NCI- OVCAR-
U251 786-0 PCO-3 HT-29 K-562 HaCaT
7 RES H460 3
EOPG 9.84 7.90 9.25 2.57 4.57 9.18 0.89 5.62 5.03 7.98
PG-1 >100.00 83.69  >100.00 - >100.00 >100.00 49.30 >100.00  >100.00 61.27
DOX 0.02 0.01 0.20 0.04 0.01 0.18 0.02 0.09 0.03 0.01

TGl and LCso (values in parentheses) in pg/mL
4522 4450 46.09 28.70  30.75 37.55 16.29 29.07 31.37 42.82
(99.62) (>100) (>100) (>100) (94.03) (>100.00) (>100.00) (>100.00) (>100.00) (>100.00)

- - - - - - - - - (>100.00)
PG-1
) ) ) ) ) ) ) ) ) (>100.00)
ooy 015 122 - 028  0.38 0.70 0.78 2.56 - 0.29
() (1.40) ) (13.45) (21.97)  (14.53) ¢) ) ¢) (1.20)

Glso: (growth inhibitory activity) the drug concentration that reduces cellular growth by 50%; TGI: the drug concentration required for total growth
inhibition; LCso: the drug concentration required for killing 50% of cells; (-): not presented.
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The antimycobacterial evaluation of EOPG and PG-1 against to M. tuberculosis
(MTB) showed MIC values of 126.4 pg/mL and 231.9 pg/mL, respectively. This result
suggests moderate activity, since several authors consider MIC values of plant samples
less than 200 pg/mL as being active against MTB. Our results may thus contribute to the
development and evolution of research, such as future in vivo tests with animal models
and clinical trials (Chimponda and Mukanganyama 2010; Negi et al., 2010). The
antimycobacterial activity evaluation using nanoparticles of P. guajava of an extract from
leaves collected in the municipality of the Nanded district of Maharashtra India also

showed activity against MTB (Kote et al., 2014).

4. Conclusions

The essential oil of the P. guineense leaves collected in Dourados-MS has
potential antioxidant, antiproliferative and antimycobacterial activities. In addition, the
observed anti-inflammatory and anti-oedematogenic activity in mice provides credence
to the traditional use of this plant for the treatment of inflammatory processes and
suggests that spathulenol is responsible in part for the therapeutic effects found in this
study; however, other studies should be conducted to evaluate the mechanisms of action.
The preliminary results of the antiproliferative potential against of ovarian (OVCAR-3)
cell line showed by EOPG could be promising for the development of new cancer

treatments, but future studies using in vivo experimental models are needed.
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6.0 CONSIDERACOES FINAIS

Os resultados obtidos no presente estudo demonstram que o 6leo essencial obtido
das folhas de P. guineense (OEPG) coletadas no municipio de Dourados-MS apresenta
composi¢do majoritéria do sesquiterpeno oxigenado espatulenol (PG-1) (80,71%). OEPG
e PG-1 apresentaram atividade antioxidante por ensaios de avaliacdo in vitro (DPPH,
ABTS e MDA), quando comparados ao composto antioxidante comercial BHT. OEPG
apresentou atividade antiproliferativa frente a células tumorais de ovério e atividade
antimicobacteriana frente a cepas de M. tuberculosis, entretanto, tais atividades ndo foram
observadas no composto PG-1, acredita-se que tais atividades relatadas podem ser
atribuidas ao sinergismo entre os demais compostos presentes no OEPG. Na avaliacdo da
atividade anti-inflamatéria pelos ensaios de edema de pata e pleurisia induzida por
carragenina em camundongos, quando comparadas com o farmaco anti-inflamatério
dexametasona, OEPG e PG-1 apresentaram inibi¢do do processo inflamatorio.

Levando em consideracdo o uso popular de P. guineense para tratamento de
inflamacéo, os resultados observados nesse trabalho podem contribuir para comprovacao
etnofarmacoldgica, uma vez que a composicdo do OEPG pode ser a base quimica para

explicar seus usos etnobotanicos.
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ANEXO | — Aprovagcéo do projeto pelo Comité de Etica em Uso animal

MINISTERIO DA EDUCACAO

FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUACAO E PESQUISA

COMISSAO DE ETICA NO USO DE
ANIMAIS - CEUA

Dourados-MS, 29 de margo de 2016.

CERTIFICADO

Certificamos que a proposta intitulada “Estudo fitoquimico e farmacologico
do dleo essencial, extrato e compostos isolados de Psidium guineense
Swartz (Myrtaceae)”, registrada sob o protocolo de n® 27/2015, sob a
responsabilidade de Anelise Samara Nazari Formagio e Kamilla Felipe do
Nascimento— que envolve a producao, manutencao e/ou utilizagdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins
de pesquisa cientifica (ou ensino), encontra-se de acordo com os preceitos da
Lei n© 11.794, de 08 de outubro de 2008, do Decreto n°® 6.899, de 15 de julho
de 2009, e com as normas editadas pelo Conselho Nacional de Controle da
Experimentacao Animal (CONCEA), e foi aprovado pela Comissao de Etica no
Uso de Animais (CEUA/UFGD) da Universidade Federal da Grande Dourados,
em reuniao de 30/11/2015.

Finalidade () Ensino ( X ) Pesquisa Cientifica

Vigéncia da autorizacao 28/04/2016 a 20/01/2017

Espécie/linhagem/raca Rattus norvegicus/Wistar e Mus musculus/Swiss

NO de animais 65 / 48
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Peso/idade 200-300 g/ 2-3 meses
Sexo Ratos 51 Machos e 14 Fémeas/Swiss 48 Machos
Origem Biotério da FCS/UFGD

Melissa Negrao Sepulvida
Coordenadora CEUA

Comissdo de Etica no Uso de Animais — CEUA/UFGD — Rua Jodo Rosa Goées, 1761 — Vila Progresso.
Dourados/MS. E-mail: ceua@ufgd.edu.br




