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RESUMO

AVALIACAO DO POTENCIAL CITOTOXICO DO OLEO E NANOEMULSAO DE
Copaifera reticulata EM LINHAGENS CELULARES DE GLIOMA

Introducdo: O cancer € uma das principais causas de morbi-mortalidade em todo o
mundo, sendo os gliomas, os tumores malignos mais comuns do sistema nervoso central.
Por essa razao, a pesquisa em produtos naturais de novos tratamentos teve um grande
aumento no século XXI, principalmente devido a grande quantidade de efeitos colaterais
dos tratamentos atualmente utilizados. Objetivo: Neste sentido, este trabalho tem como
objetivo avaliar a atividade citotéxica do 6leo de C. reticulata e sua nanoemulsdo em
células de glioma humano. Material e Métodos: O 6leo de C. reticulata foi caracterizado
apos cromatografia gasosa aclopado a estectofotometro de massa. As nanoemulsfes
foram preparadas pelo método de inversdo de temperatura de fase e a citotoxicidade foi
avaliada pelo método MTT. Resultados e Discussao: O composto mais abundante do
oleo foi o hidrocarboneto sesquiterpénico B-cariofileno, sua nanoemulsdo apresentou-se
monodispersa, com manutencao das nanoparticulas e de potencial zeta adequado. O
CRON foi eficaz em todas as linhas celulares testadas (U87, U343 e AHOL-1) a 50
pg.mL-1 (38% a 45%), ndo tendo efeito significativo nas células saudaveis utilizadas
(AN27). Concluséo: Os resultados apresentados, apesar de ainda necessitarem de mais
estudos, mostram a possibilidade de um futuro uso da nanoemulsdo de Copaifera

reticulata no tratamento de cancer.

Palavras-chave: Copaifera reticulata, glioma, nanoemulsao, citotoxicidade.
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ABSTRACT

Cytotoxic Potential Evaluation of the Oil and Nanoemultion of Copaifera

reticulata on Human Glioma Cells.

Introduction: Cancer is one of the mainly causes of morbidity and mortality worldwide of
whom gliomas are the most common central neural system malign tumors. For that
reason, the research of new treatments in natural products has been made a major
increase in the 20" century, mostly because the large amount of side effects of the
currently used treatments. Objectives: For that matter, this study aims to evaluate the
cytotoxic activity of the C. reticulata oil and it’'s nanoemulsions on human glioma cells.
Methodology: The C. reticulata oil was characterized after hydrodestillation followed by
gas chromatography. The nanoemulsions were prepared by phase inversion temperature
method and the cytotoxicity was evaluated by the MTT method. Results and Discussion:
The most abundant compound of the oil was the sesquiterpene hydrocarbon -
caryophyllene and its nanoemulsions presented monodisperse, with maintenance of the
appropriate zeta potential nanoparticles. The CRON was effective in all cell lines tested
(U87, U343 e AHOL-1) at 50ug mL* (38% to 45%) while having no significant effect in the
healthy cell tested (AN27). Conclusion: The results presented in this, although still in

need of more studies, show a possibility a future use in the treatment of cancer.

Keywords: Copaifera reticulata, glioma, nanoemulsion, cytotoxicity.
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1 INTRODUGAO

1.1 CANCER

O cancer, segundo o Instituto Nacional de Cancer José Alencar Gomes da Silva -
INCA (2011), € o conjunto de mais de 100 doencas que tem a multiplicacdo desordenada
das células como principal caracteristica. Estas células possuem um processo de divisao
agressivo e incontrolavel, por este motivo chegam a invadir tecidos e 6rgdos ao seu redor,
dando origem aos tumores, ou se espalhar pelo organismo, processo denominado
metastase (principal causa nos casos de morte por cancer).

O céancer é denominado de acordo com o tipo de célula de sua origem, por exemplo,
se 0 cancer se inicia a partir de uma linhagem celular epitelial ele é denominado de
carcinoma, se iniciado de uma linhagem celular mesodérmica denomina-se sarcoma,
linfoma se originado de células do sistema imunoldgico e leucemia se originado de células
da medula 6ssea (SULTANA, 2014).

O organismo humano encontra-se exposto a multiplos fatores carcinogénicos, com
efeitos aditivos ou multiplicativos que agem de forma cumulativa e dose dependente. A
carcinogénese pode ser iniciada de forma espontanea ou pela acédo de agentes quimicos,
fisicos ou biologicos, e consequentemente denominados agentes carcinogénicos. No
entanto, ambos 0s casos citados resultam em uma indugao de alteracbes mutagénicas e
ndo-mutagénicas ou epigenéticas nas células (INCA, 2002).

A carcinogénese é um processo sequencial, dividido em 3 fases: a iniciagcdo que
consiste de um fator iniciador ou carcinogénico que causa dano ou mutacdo celular que
permanecem latentes. A promocdo, onde agentes promotores, denominados
oncopromotores, que estimulam o crescimento da célula que sofreu mutacdo, e pode
acontecer a qualquer momento apos a transformacéo da célula inicial (INCA, 2002).

Quando expostos durante um periodo longo e continuado, estes oncopromotores,
gue podem ser agentes quimicos ou biolégicos como determinados virus, promovem
novas alteracdes nas células iniciadas as quais ao se acumular resultam em um aumento
da capacidade proliferativa e da capacidade de contornar os mecanismos de controle do
organismo, ou seja, uma célula iniciada é transformada em uma célula maligna de forma
lenta e gradual, sendo que em muitos casos quando se interrompe 0 contato com o

oncopromotor, interrompe-se este processo (TANAKA et al., 2013; DORIA, 2015).
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A terceira e Ultima etapa da carcinogénese é a progressao, que € caracterizada pela
multiplicacdo descontrolada de modo irreversivel, ou seja, mesmo quando se interrompe o
contato com 0 agente oncopromotor 0 processo carcinogénico continua. As instabilidades
genéticas, a perda do controle mitética, invasédo tecidual e metastase, assim como as
alteracdes bioquimicas do metabolismo celular também séo caracteristicas desta etapa,
assim como a angiogénese, que € essencial para a progressado neoplasica (ALMEIDA et
al., 2005; TANAKA et al., 2013)

1.1.1 Gliomas

Os gliomas sdo os tumores cerebrais mais comuns em humanos (30-40% das
neoplasias intracranianas), formados a partir das células gliais (células que fornecem
suporte energético e nutricional aos neurbnios), e variam de grau de agressividade e
malignidade. Os glioblastomas multiformes sdo responsaveis por 50% destas incidéncias,
e estao classificados como tumores de grau 1V, pela classificacdo dos tumores do SNC da
OMS, pois devido seu grau de indiferenciacéo, atipias e proliferacdo vascular, possuem
um rapido crescimento, um alto grau de invasividade e aumentam a dificuldade de
tratamento (TRINDADE et al., 2012; NOR@XE ET AL, 2017).

Os sintomas dos gliomas variam conforme o local do cérebro em que se
desenvolvem, e podem incluir dor de cabeca, dorméncia, fraqueza, mudancas na
personalidade, confusdo e convulsées. O diagndstico é realizado basicamente por
exames neurologicos, tomografias computadorizadas e/ou imagem por ressonancia
magnética (utilizadas como forma de determinar forma, localizacdo e tipo de tumor),
assim como a biopsia (HANIF et al., 2017).

Os gliomas estéo relacionados etiologicamente a fatores ambientais (exposicédo a
radiacdo ionizante terapéutico, exposicdo a cloreto de vinilo ou pesticidas, o tabagismo,
atividades de producéo e refinamento do petréleo), no entanto alteracbes em genes
imunoldgicos e alguns polimorfismos de nucleotideo Unico também parecem contribuir
(Mutacdes de CDKN2 e TP53 - 49 e 35%) (NORJXE ET AL, 2017; WRENSCH ET AL.,
2002).

1.1.2 Epidemiologia do cancer

Os tumores malignos estdo entre as principais causas de morbidade e mortalidade

em todo o mundo, com aproximadamente 14 milhdes de novos casos e com 8.2 milhGes
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de mortes no ano de 2012, segundo a Organizacdo Mundial de Saude (OMS). A
estimativa € que o nimero de novos casos cresc¢a por volta de 70% nas proximas duas
décadas. Entre os casos de cancer diagnosticados em 2012, os tipos mais comuns foram
o cancer de pulmao, prostata, célon e reto, estbmago e figado em homens e cancer de
mama, colo de utero, pulméao e estdbmago em mulheres (WHO, 2014; ROLEIRA, 2015).

A estimativa mundial, realizada em 2012, pelo projeto Globocan/IARC (Agéncia
Internacional de Pesquisa do Cancer) da OMS, apontou que, dos 14 milhdes de casos
novos estimados, mais de 60% ocorreram em paises em desenvolvimento. Para a
mortalidade, a situacdo agrava-se quando se constata que, dos 8 milh6es de Obitos
previstos, 70% ocorreram nesses mesmos paises (INCA, 2015).

No Brasil a mortalidade por neoplasias vem crescendo consideravelmente nas
Ultimas décadas, ao mesmo tempo que vem diminuindo as mortes por doencas
infectoparasitarias assim, o INCA estabeleceu uma estimativa para o biénio 2016-2017
gue aponta a ocorréncia de cerca de 600 mil casos novos de céancer. Excetuando-se o
cancer de pele ndo melanoma (aproximadamente 180 mil casos novos), ocorrerdo cerca
de 420 mil casos novos de cancer neste periodo, sendo os canceres de prostata (aprox.
61 mil) e mama (aprox. 58 mil) os mais frequentes. A estimativa para a regido amazonica
em relagdo ao ano de 2016 é de 21.420 novos casos de cancer, onde os estados do Para
e do Amazonas estdo em primeiro e segundo lugar quanto ao nimero de casos (INCA,
2015).

1.2 TRATAMENTO

Os tratamentos existentes mais comuns para 0 cancer incluem: cirurgia,
guimioterapia, radioterapia, cada uma com suas desvantagens proprias (COSTA-
LOTUFO et al., 2010; TANG et al., 2012).

A cirurgia € um dos pilares principais no tratamento e controle do cancer, pode ser
feita de forma preventiva, para diagndéstico, curativa, paliativa ou reconstrutora. Cirurgias
preventivas sao realizadas quando ocorre a retirada de tecidos que podem desenvolver
cancer, por exemplo, a colposcopia em casos de lesdes cervicais atipicas. As bidpsias
sdo procedimentos cirirgicos necessarios para a deteccdo da malignidade ou ndo de
tumores e determina o manejo terapéutico correto do cancer. Cirurgias paliativas e
reconstrutivas sao necessarias para uma melhor qualidade de vida, sendo necessarias

em determinados tipos de canceres (SULLIVAN et al., 2015).
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A cirurgia com objetivo curativo € realizada para a retirada do tumor canceroso,
geralmente é feito quando o cancer ainda estd na sua fase inicial, antes que realize
metéstase. No entanto, este tipo de remocédo cirlrgica pode ativar, como resposta, uma
multiplicacdo celular mais acelerada das células tumorais restantes (GURGAN et al.,
2008; TANG et al., 2012).

A quimioterapia e a radioterapia possuem altos riscos e efeitos colaterais severos,
como perda de cabelos, ndusea e enjoo, infertilidade, podendo até desencadear o
desenvolvimento de uma neoplasia secundaria. Em alguns casos depressao do sistema
imune e disfuncdo cognitiva também ocorrem apds a realizacdo destes tratamentos
(TANNOCK et al., 2004; ONG et al., 2010, TANG et al., 2012).

1.2.1 Plantas medicinais com acao antineoplasica

Os efeitos colaterais dos tratamentos tradicionais sdo agressivos e Sao 0s principais
responsaveis pela ndo adesdo e consequente falha destes tratamentos. Em
consequéncia, uma solucao alternativa foi encontrada nas plantas medicinais, que séo
utilizadas para o tratamento de cancer na medicina popular (RASHID et al.,, 2002;
SULTANA et al., 2014).

Produtos naturais da medicina popular vém sendo utilizados por séculos em todas
as culturas ao redor do planeta, que os utilizam para tratar doencas e manter a saude.
Cientistas vém demonstrando um crescente interesse neste campo a medida que
descobrem os beneficios a salude advindos destes produtos. E as plantas medicinais
demonstraram ser uma reserva de um grande numero de compostos organicos de alto
valor terapéutico que vém sendo utilizado por muito tempo como fontes de medicamentos
(SHARMA et al., 2011).

A pesquisa de produtos naturais, principalmente plantas e microrganismos, na area
de oncologia teve um grande avan¢o no século XX, levando a descoberta de diversas
substancias antineoplasica que séo utilizadas atualmente na terapéutica oncoldgica
(NEWMAN; CRAGG, 2007). Um grande numero destes isolados fitoquimicos derivados
de plantas medicinais demonstrou produzir uma diminuicdo da proliferacdo celular,
inducdo de apoptose, retardamento de metastase e inibicAdo de angiogénese
(MORTAZAVIAN et al., 2012; HOSSEINI; GHORBANI, 2015).

Cerca de 60% dos farmacos anticancer introduzidos nas ultimas décadas, no
mercado e de uso geral, sdo de origem em produtos naturais como: a vincristina e a
vimblastina, a podofilotoxina e a camptotecina (CRAGG; NEWMAN, 2005; COSTA-
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LOTUFO et al., 2010). O Instituto Nacional do Cancer dos EUA realizou testes com mais
de 114.000 extratos de plantas procurando atividades anticancer (SHOEB et al., 2006).
Os constituintes quimicos destas plantas induzem uma agéo fisiolégica no corpo humano
e estudos clinicos e fitoquimicos tém comprovado o potencial anticancer de muitas
plantas contra diversos tipos de cancer (SHARMA et al., 2011).

No entanto, € interessante notar que nenhum isolado fitoquimico anticancer derivado
de plantas medicinais chegaram ao uso comercial ultimamente, porém um grande nimero
de isolados fitoquimicos esta na fase de desenvolvimento pré-clinico (CRAGG; NEWMAN,
2005). Existe uma necessidade de avaliar se estes isolados fitoquimicos e extratos
realmente podem ser explorados para obter estes efeitos inibitérios sobre o céancer ou
efeitos preventivos no corpo humano (SULTANA et al., 2014).

Esta avaliacdo demonstra-se necessaria visto que alguns fitoquimicos derivados de
determinadas plantas medicinais somente demonstraram efeitos benéficos no alivio de
sintomas relacionados ao cancer (como anorexia, dor, hdusea, fadiga) ou na qualidade de
vida sem apresentarem resultados positivos nas a¢des antitumorais (BISWAL et al., 2013;
HOSSEINI; GHORBANI, 2015).

1.2.2 Copaiferareticulata

O género Copaifera (Leguminosae) é pantropical e compreende 46 espécies, dos
guais 37 sao nativas da América do Sul e 9 da Amazodnia Brasileira. No entanto 16
espécies sdo encontradas na Amazbnia brasileira, assim como nas savanas centrais,
incluindo C. reticulata, C. multijuga, C. langsdorffii e C. cearensis (VEIGA JUNIOR,;
PINTO, 2002; SACHETTI et al., 2011).

O oOleo-resina, extraido através de buracos feitos nos troncos das arvores de
copaiba, € um liquido transparente cuja cor varia entre o amarelo e o marrom claro, sendo
comercializado extensivamente no Brasil em forma de capsulas ou 6leo puro e utilizado
pela medicina popular em diversas doencas, como dor de garganta, infec¢cées pulmonares
e urinarias, Ulcera e como cicatrizante (CAVALCANTE et al.,, 2006; HERRERO-
JAUREGUI et al., 2011; SANTIAGO et al., 2015).

Uma analise fitoquimica qualitativa realizada por Basille e colaboradores (1988)
revelou a presenca de triterpenos, acido copdlico e sesquiterpenos no oOleo-resina da
espécie C.reticulata, tendo como maiores componentes os triterpenos B-bisaboleno, [3-
cariofileno e B-cubeleno. Este 6leo-resina possui propriedades medicinais, que sao de

extremo interesse das industrias farmacéuticas e quimicas, como atividade diurética,
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expectorante, antisséptico, antinflamatorio e antimicrobiano que estdo comprovadas na
literatura (CARVALHO et al., 2005; HERRERO-JAUREGUI et al., 2011; SACHETTI et al.,
2011; TINCUSI et al., 2002).

Introdugdo 17



2 OBJETIVOS

2.2 OBJETIVO GERAL

Avaliar a atividade citotoxica do 6leo resina e nanoemulsédo de Copaifera reticulata

em células humanas de gliomas.

2.1 OBJETIVOS ESPECIFICOS

a) Obter o 6leo resina de Copaifera reticulata (CRO);

b) ldentificar os constituintes do 6leo de C. reticulata;

c) Formular a nanoemulséo de C. reticulata;

d) Caracterizar a formulagdo de nanoemulséo de C. reticulata.

e) Avaliar a citotoxicidade utilizando as linhagens celulares AHOL-1, U87, U343 e AN27;
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Abstract: Cancer is one of the mainly causes of morbidity and mortality worldwide of whom
gliomas are the most common central neural system malign tumors. For that reason, the research of
new treatments in natural products has been made a major increase in the 20" century, mostly
because the large amount of side effects of the currently used treatments. For that matter, this study
aims to evaluate the cytotoxic activity of the C. reticulata oil and it’s nanoemulsions on human
glioma cells. The C. reticulata volatile oil was characterized after hydrodestillation followed by gas
chromatography. The nanoemulsions were prepared by phase inversion temperature method and the
cytotoxicity was evaluated by the MTT method. The most abundant compound of the oil was the
sesquiterpene hydrocarbon B-caryophyllene and its nanoemulsions presented monodisperse, with
maintenance of the appropriate zeta potential nanoparticles. The CRON was effective in all cell
lines tested (U87, U343 and AHOL-1) at 50pug mL™? (38% to 45%) while having no significant
effect in the healthy cell tested (AN27). The results presented in this, although still in need of more
studies, show a possibility a future use in the treatment of cancer.
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Introduction

Cancer is a group of more than 100 diseases that have uncontrolled multiplication of cells as
main characteristic and can affect at different degrees of aggressiveness. The exposure of the human
body to several carcinogenic factors, with addictive or multiplicative effects, that act cumulative
and in a dose-dependent manner (Sultana, 2014). These carcinogenesis factors can be spontaneously
initiated or may occur through the action of chemical, physical or biological agents, witch induce
mutagenic, non-mutagenic or epigenetic mutations of normal cell (Doéria, 2015; Tanaka et al.,
2013).

Among the various types of cancer, malign tumors is one of the mainly causes of morbidity
and mortality worldwide, with nearly 8.8 million deaths in 2015, nearly one in six global deaths,
and it is estimated that the number of new cases increases up to 70% in the next two decades
(WHO, 2017). In Brazil, the cancer mortality have been rapidly increasing and the Brazilian
National Institute of Cancer José de Alencar (INCA) estimated for the biennium 2016-2017, 420
thousands of new cases. The estimation for the Amazonic region is 21.420 new cases, which Para
and Amazonas are the states with the first and second places on the number of new cases at this
biennium (INCA, 2015).

Considering this data, the gliomas are the most common central neural system malign
tumors, formed from glial cells and has a high-grade category accordingly to WHO (grades 11l and
IV) responsible for 2.5% of cancer deaths (Colguhoun, 2010; Hanif et al., 2017). They are notorious
difficult to treat because it exhibit an aggressive invasive behavior that allows it to spread
throughout the brain and the capability of immune system evasion, keeping low numbers of
identifying antigens and recruiting suppressor cells (Colghhoun, 2010; Johansen, 2016; Waltkins et
al., 2014). The treatment options for this type of cancer frequently leads to local recurrence and the
patient’s prognosis are usually poor (Costa-Lotufo et al., 2010; Tang et al., 2012).

For that reason, the research of natural products, mainly plants and microorganisms, in the
field of oncology had made a great advance in the 20th century, leading to the discovery of several
antineoplastic substances that are currently used in cancer therapy (Cragg; Newman, 2007). A large
number of these photochemical isolates derived from medicinal plants had demonstrated a decrease
in cell proliferation, induction of apoptosis, delayed metastasis and inhibition of angiogenesis
(Ghorbani; Hosseini, 2015; Mortazavian et al., 2012).
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However, it is interesting to note that a very few phytochemical isolates derived from
medicinal plants have reached the general use stage lately, despite a large number of phytochemical
isolates are in the preclinical development phase (Cragg; Newman, 2005). There is a need to
evaluate whether these phytochemical isolates and extracts will actually be the source of anticancer
activities, or whether they can be exploited to obtain these inhibitory effects on cancer or preventive
effects in the human body (Sultana et al., 2014). This evaluation is necessary because some
phytochemicals only have beneficial effects on the relief of cancer-related symptoms (such as
anorexia, pain, nausea, fatigue) or quality of life without positive results in antitumor actions
(Biswal et al., 2013, Ghorbani, Hosseini, 2015).

Amidst popular medicinal plants in Amazon regions, the Copaifera reticulata, popularly
known as copaiba, belongs to the Leguminosae family and it’s found in Brazilian Amazon,
including Amapa, Roraima and Para states (Costa, 2018). The oil, extracted from the trunk, has
various traditional uses but it’s primarily use in infections and has anti-inflammatory, antimicrobial,
expectorant activities comproved in the literature (Bardaji, 2016; Herrero-Jauregui et al., 2011,
Sachetti et al., 2011; Tincusi et al., 2002)

In an effort to enhance the pharmacokinetic of oil-based compounds, nanoemulsions,
nanometric formulations, based on oil, water, and surfactants, can be used as carriers. These
formulations has a long-term stability, high solubility of molecules and it’s a promising tool in the
development of pharmaceutical industry since can be used for new targeted and controlled released
drugs (Gupta et al, 2016; Milhomem-Paix&o et al, 2017).

The aim of this study was to develop nanoemulsions of C. reticulata oil and evaluate the it’s

cytotoxic actions on human glioma cells. This data was compared with the the copaiba oil in natura.

Materials and Methods
Plant material

The Copaifera reticulata oil (CRO) was collected of productive trees at Tapajos National
Forest Joint Cooperative (Coomflona). It was obtained 100 mL of the oil, whose sample was sent to
the Botanic Lab — Herbarium of East Amazon Embrapa for identification and ratification of the
sample already identified by Coomflona (NID: 69/2011).

Oil constituents

The volatile fraction (92% of the CRO) was obtained by simple hydrodestillation with
adjusted temperature at 110+£10°C for 16 consecutive hours. Quantitative and qualitative analyses of
volatile fractions of the CRO were performed in a Gas Chromatograph (HP 6890 GC System
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(Hewlett — Packard)) coupled to Mass Spectrometer (HP Agilent 5975 MSD Transfer Line Heater).
A HP-5 capillary column (HP Agilent 19091J-433; 30mx0.25mmx0.25um) with 5% phenyl-poly
(methylsiloxane) stationary phase was used and helium was employed as carrier gas (1.0 mL/min)
with column inlet pressure of 8.21psi. The GC / MS analysis was performed using Split injection
(40:1), injector temperature set at 220°C, and oven temperature of 60°C (5 min), with a heating rate
of 3°C/min until a final temperature of 325°C was reached, and the temperature of the MS detector
was maintained at 250°C. The mass spectra was obtained by electron impact (El) at 70eV of
energy. ldentification of the compounds of the volatile fraction of CRO was done according to
comparison of the mass fragmentation pattern (Adams, 2017) and retention indices (determined

relatively to the retention times of a series of n-alkanes).

C. reticulata nanoemulsions formulation

The nanoemulsions were prepared by phase inversion temperature method (lzquierdo et al
2005). Firstly, the oily phase of the emulsion (5g of CRO volatile phase and 5g of Tween 80) were
heated up to 60°C +/- 2°C. Then, the aqueous phase (ultra pure water) was also heated to the same
temperature of the oily phase. After both phases reached the target temperature, the aqueous phase
was slowly verted in the oily phase with a 5mL syringe, in the speed of 5 drops/minute, until
complete the formulation of 50 mL. Lastly the nanoemulsions was cool of until reach the
temperature of 25°C +/- 2°C.

Characterization of C. reticulata nanoemulsion (CRON)

For the characterization of the nanoformulation it was determined the droplet size, the
polidispersion index and the zeta potential. For that, the formulation were diluted in distillated water
(1:10) and then put into the Zetasizer® for reading at day one and day 30 after formulation. The

obtained results were then shown as mean and standard deviation.

Cell lines and cell culture

The human gliobastoma cells (U-87, U-343 and AHOL-1) and the human fibroblast (AN-
27) were obtained from Evandro Chagas Institute (Belém, Para, Brazil). The cells used in this study
were cultured in DMEM/F12 suplemented with penicillin G sodium (50 U/mL), streptomycin
sulphate (25 U mL™), amphotericin B (2,5 ug mL™?) 10% and gentamicin sulphate (25 pug mL™)
supplemented with 10% FBS, at 37°C, a minimum relative humidity of 95% and an atmosphere of
5% COz in air.
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The MTT assay

The cells were seeded at 1 x 10° cells/well in 96-well plates and grown for 24h. After the
incubation time, the cells were washed in PBS solution and 100 uL of CRON and CRO oil at a
range of concentrations (1, 50, 100, 150, 200, 250, 300, 350 and 400 pg mL™) were added and
incubated for 72 h. At the end of this period, the medium was removed, and 100 ul of MTT solution
(MTT 5 mg mL-1 in RPMI in 90% DMEM/10% FBS) was added to the cells and incubated for 1 h.
The formazan crystals were dissolved with 100 ul of dimethyl sulfoxide (DMSO). The absorbance
was quantified in 96-well plates (GloMax®-Multi, Promega) at 565 nm and the control group was

cells without any addition and is referred to as 100% of viable cells

Results and Discussion

Twenty-five constituents were identified accounting for 92,34% of the oil collected on the
dry season and the chemical composition of the CRO identified by RI (Retention Index) is
presented in Table 1. The CRO was characterized by sesquiterpenes, being the most abundant
compound the sesquiterpenes hydrocarbons: B-caryophyllene (39.91%), followed by a-bergamotene
(11.34%), B-bisabolene (7.38%), germacrene D (5.84%), germacrene B (4.28%), a-humulene
(3.15%), a-cadinene (3.19%), a-copaene (2.63%) and B-selinene (1.72%). It is also present the
caryophyllene oxide (1.87%), an oxygenated sesquiterpene, product of metabolism of

caryophyllene.
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Table 1. Composition percentage* of sesquiterpenes hydrocarbons, oxygenated sesquiterpenes

and monoterpenes hydrocarbons of the North Brazilian Copaifera reticulata oil.

FE

Eetention Index iti

- Compounds gﬁiﬁ;ﬁ Chemical

DEBE- Lit. (Ac!ams, (wet season) Formula
5 2017

Sesguiterpenes hydrocarbons 84.79
1509 1389 w-elemene 0.17 Cl5H24
1333 1343 u-cubebene 1.04 Cl5H24
1376 1374 o-copaene 2.63 C15H24
1405 1408 f-caryophyllene 39,91 Cl5H24
1411 1410 a-cedrene 0.43 Cl15H24
1436 1411 a-bergamotene 11.34 C15H24
1443 1439 e-aromadendrens _ Cl5H24
1455 1436 o-humulene 315 C15H24
1430 1484 germacrene D 5.34 Cl5H24
1484 1479 g-cuicumens 0.93 Cl15H24
1485 1489 p-selinene 172 C15H24
1301 1200 bicyclogermacrene 022
1510 1505 p-bisabolene T.38 C15H24
1510 1513 é-cadinene 1.54 C15H24
1538 1537 u-cadinene 319 C15H24
1561 1559 germacrene B 4.28 C15H24
1672 1674 cadalene _ Cl5H28
Ohygenated sesquiterpenes 7.24
1577 1578 spathulenol 0.43 C15H240
1580 1583 caryophyllene oxide 1.37 C1sH240
1583 1600 cedrol 243 C153H260
1637 1630 eudesmol _ C13H260
1641 1359 -muurol 0.52 C13H260
1663 1652 o-cadinol 1.61 C13H260
1811 1822 p-vetivone 0.39 C15H220
Monoterpens hvdrocarbons
1324 121 B-sesquiphellandrene 0.31 C13H24

*Expressed by GC/MS analysis on DB colurn

The chemical composition found in the literature did not differ significantly with the
composition found in this study. The p-caryophyllene, the main compound found on the majority of
the literature, is followed by a-humulene, a-copaene, a-bergamotene and o-bisabolene, with
different amounts in each study (De Souza, 2017; Dias et al., 2014; Lucca, 2015; Veiga Junior,
2007).

The major compound found in an oil is generally the responsible for its biological
properties, in the case of CRO, the B-caryophyllene has comproved action as anti-inflamatory, anti-
oedemic, antioxidant, antimicrobial and antitumor on several studies of the literature (Bakkali et al.,
2008; Ghelardini et al., 2001; Gomes et al., 2013; Lima, 2003; Sahin et al., 2004; Shimizu et al.,
1990).
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Physicochemical properties of formulation

The nanoemulsion formulation was chosen because it facilitate the penetration and absorption of
actives, since the small sized droplets and the fact that the lipophilic affinity of the particles, which
enable the oil to reach the target size.

The CRON presented monodisperse (0.226+0,081 a 0.271+0,016), with maintenance of the
appropriate zeta potential (-31 to -36 mV) nanoparticles (236.92+48,80 to 302.93+2,46 PD), which
gave to the nanoemulsion a stable formulation for 30 days, at 25°C+2°C (Table 2).

Table 2. CRON results, in five repetitions: composition and PH, particles diameters, polidispersion index

and Zeta potential.

[ 1% After 1 day After 30 days
5 0W Fh FPD(nm)* PdI* Ip* DFP(nm)* PdI* PZ~

1* 5 5 90|554=0,08| 204.2=7.5 0.243=0.,034 3 ) 236,92=48.80 0.226=0,081 35_33

F

2* 5 5 00|545x0.05|287.6=183 0.264=0.016 277.58=18.04 0.244=0018

36,00

3* 5 5 90|538=004|3922=106 0.153=0.102 293.52=11.8% 0231=0014

34,60
4 5 5 90| 5.61=0.03|340,5=34,0 0.275=0,010

5,4320,02

= =89 13 2 )
233,86—&8,_1 _.&Jgﬂ_nu-l:l 33=j':'

55 %

270,2+11,0 0,247£0,025 3I]_ll]ﬂ 302,93+2,46 0,271=0,016

F: formulation; S: surfactant Tween 80; O: C reficudada oil; W ultrapure water; FD: particle
diameter; nm: nanometer; Pdl: Polidispersion Index: ZP: Zeta Potential. Maintamed at 23°C=2°C
The experiments were carried cut in triplicate. Each column represents the mean=5D"*.

31.33

The properties studied at this topic may be used as indicators of an emulsion stability and
the values found on this study is similar with the formulations found by Dias et al (2014) and by
Lucca et al (2015) when utilized the same methodology. Although higher values were found when
utilized others methodologies, the phase-inversion temperature method were the chosen one
because of the fact that has an easily performed scale results in small and uniform droplet size if
done correctly.

Cell Viability

About 85% of the composition of CRO is sesquiterpenes hydrocarbons, which gives a
highly lipophilic profile to this oil, and allows it to pass through the cell walls and its cytoplasmic
membranes and permeabilize them, a characteristic that is essential to a compound present a
cytotoxic activity (Bakkali et al., 2008; Bruni et al., 2003).

For a drug to reach and be able for treatment the glioma it has to be lipophilic and capable of

reach the cells, due to its localization inside the hemato-encephalic membrane, nanoemulsions
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formulations enhances the penetration ability and it is proved advantageous by the literature when
analyzed with anti-inflammatory drugs (Lucca et al., 2015). The nanoemulsions achieve better
penetration because associates low molecular weight and lipophilicity of the components of the oils,
witch increase the availability within tumor cells (Gomes et al., 2013; Tiwari & Amiji, 2006).

The effect of treatment with CRO and the CRON were tested, with crescent concentrations
(1, 50, 100, 150, 200, 250, 300, 350 and 400 pg mL™), on cell viability of three different type of
gliomas cells. After 72 hour of treatment, it was observed that both CRO and the CRON presented
an effect statistically significant on the reduction on cell viability of the cells AHOL-1 and U343;
however, the CRO didn"t had an effect on the U87 cells at the range of concentrations tested.

The tested cells were more resistant to the CRO, it only show significant reduction of cell
viability at the higher concentrations (Figure 1). The CRO at 150 pg mL* shown 12.05% of
inhibition of the cells AHOL-1, but only at 300 pg mL™ showed a significant reduction of cell
viability (30.44%) compared with the control. The cell U343 had this reduction only when treated
with the CRO at 300 pg mL™* with 39.25% compared with control showing a more resistance to this

treatment.
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Figure 1. Effect of treatment with CR oil (1, 50, 100, 150, 200, 250, 300, 350 and 400 pg mL-1) on cell
viability of AHOL-1, U87, U343 and AN27 lines, after 72 h. The experiments were carried out in triplicate.

Each column represents the meanzSD. *p<0.001 for comparison versus control, as determined by

ANOVA/T-student test.
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The CRON, at the concentration of 50 pg mL™, inhibited 40.88% and 38.75% of the cell
viability of AHOL-1 of and U87, respectively, and at 100 pg mL™ achieved stabilization at 90%
inhibition of the cell AHOL-1 and 85% the cell U87 after 72 h of the treatment. The response of the
cell U343 at this treatment was less abrupt beginning with 45.88% of inhibition at 50 pug mL™* until

stabilize at 350 pg mL* with 87% (Figure 2).
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Figure 2. Effect of treatment with CRON (1, 50, 100, 150, 200, 250, 300, 350 and 400 pg mL-1) on cell
viability of AHOL-1, U87, U343 and AN27 lines, after 72 h. The experiments were carried out in triplicate.

Each column represents the mean+SD. *p<0.001 for comparison versus control, as determined by
ANOVA/T-student test.
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An ideal compound for the treatment of cancer is very toxic on cancer cells and has little or
nothing toxicity on healthies cells, since the higher the effects on them, the most intense are the side
effects. The CRON was also effective on the AN27 cells, showing at 100 ug/mL an inhibition of
87.77% of the cells viability that extended until the higher concentration tested (400 ug/mL).
However, at 50ug/mL, although inhibit 38% to 45% of the viability at the others cells tested, it
didn’t had significant effect on the fibroblast cells utilized on this study as the healthy cell.

Pereira (2017) found similar results, where the cytotoxic effects of the nanoemulsions of
essential oil of Casearia sylvestris awere more effective on A549 tumor cell line. This could be
explained for the nano encapsulation of the oil can potentially alter the internalization process at the
target cells in addition to the increased stability of the nanoemulsions that allow the dispersion of

the non-polar coumpounds in aqueous phase (Milhomem-Paix&o et al., 2017; Pereira, 2017).
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However, Gomes et al (2013) obtained different results when the essential oils tested were
more cytotoxic than the nanoemulsion formulations, the essential oils tested by him were rich in
oxygenated sesquiterpenes, found only in 9% of the CRO, which gives to those oils a cytotoxicity
based on pro-oxidant activity of compounds. Accordingly to Bakalli et al (2008) that described the
cytotoxic activity of essential oils in mammalian cells is due mostly by induction of apoptosis and
Necrosis.

Generally, the major component of an oil is considerate the responsible for its
pharmacological effects, however it is possible that a synergic effects of the several components, of
the oil defying it’s characteristics, as cell, penetration, lipophilic or hydrophilic attraction as well as
the fixation to membranes and the cellular distribution (Bakalli et al., 2008; Cal, 2006). Following
that line, the CRO is to be considerate more potent than its constituents due to its synergic effects
(Gautan et al., 2014; Jun et al., 2011).

In conclusion, the results presented by this study, in the experimental conditions used in this
work, the nanoemulsion were effective in reduce the cell viability of tested cells which show a
possibility of its future use in the treatment of cancer. However, further studies still are needed to

confirm this idea and verify the mechanisms related in this activity.
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5 CONSIDERAGOES FINAIS

Os resultados apresentados por este estudo, nas condi¢cdes experimentais
utilizadas mostraram que a nanoemulsao foi eficaz em reduzir a viabilidade celular das
células testadas, o que mostra uma possibilidade de seu uso futuro no tratamento do
cancer. No entanto, mais estudos ainda sdo necessarios para confirmar essa ideia e

verificar quais os mecanismos relacionados a essa atividade.
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