UNIVERSIDADE FEDERAL DO RIO GRANDE - FURG
INSTITUTO DE CIENCIAS BIOLOGICAS
PROGRAMA DE POS-GRADUAGAO EM CIENCIAS FISIOLOGICAS -

FISIOLOGIA ANIMAL COMPARADA

Efeitos do canabindide oleiletanolamida e seu derivado
sintético em células de melanoma

Priscila Antiqueira dos Santos

Dissertacdo apresentada como parte dos
requisitos para obtencdo do titulo de mestre
no Programa de Pds-graduacdo em Ciéncias
Fisiolégicas - Fisiologia Animal Comparada, da
Universidade Federal do Rio Grande - FURG,
sob a orientacdo da Profa. Dra. Ana Paula de
Souza Votto e co-orientacdo do Prof. Dr. Luiz
Eduardo Maia Nery do Instituto de Ciéncias
Bioldgicas.

RIO GRANDE, SETEMBRO DE 2013.



AGRADECIMENTOS

Primeiramente agradeco a Deus, pois acredito que sem a permissao e ajuda

Dele ndo podemos fazer nada. Afinal, o que seria de nds sem fé, ndo é mesmo?

Aos meus pais (Valmor e Alice), minha tia (Ana) minhas irmas (Daniela e
Angélica), meu namorado (Hadrisson) e a toda minha familia que me apoiaram para

gue eu chegasse até esta etapa de minha vida.

A professora Ana Paula de Souza Votto, minha orientadora, pela paciéncia e
incentivo que tornaram possivel a conclusdo desta dissertagao. Pelo convivio, pelo
apoio, pela compreensao, e também pela confianca que depositou em mim aceitando
me orientar em uma corrida contra o tempo, com apenas 9 meses restantes para a
conclusdo do Mestrado. Correria! Sinto- me feliz por ter feito esta escolha e por ter
dado tao certo! Sinto- me feliz por ter encontrado nela mais que uma orientadora, por

ter encontrado nela uma amiga.

Ao professor Luiz Eduardo Maia Nery, meu co-orientador, que aceitou também
participar dessa corrida contra o tempo me dando total apoio e suporte, e, acima de
tudo, confiando e acreditando que seria possivel a realizagdao deste trabalho. E pela sua

amizade.

A todos os professores do curso de Pés Graduacao em Ciéncias Fisioldgicas, que

de alguma forma contribuiram para a minha formacao.

A Daza, por estar sempre dando uma ajudinha e uma opnido durante todo o

processo, pelas conversas, pela amizade.

A professora Gilma, por contribuir tanto conosco sempre, por ser uma
excelente pessoa, tanto profissional como pessoalmente. Por ter sempre uma visao

ampla dos projetos e trabalhos, e conseguir enxergar beleza em tudo que se faz. Por



ter um coragdo enorme, por apoiar a todos e por podermos sentir nela a vontade de

ver cada uma de nds crescer e nossas estrelinhas brilharem!

Ao pessoal do Laboratério de Cultura Celular da FURG, e aos demais, que fazem

parte do dia-a-dia, pelo maravilhoso ambiente de trabalho.

Ao Marcio, por manter nosso laboratério organizado e pelas conversas

engracgadas.

Ao pessoal da salinha 2, que proporciona um ambiente agradavel, momentos

de descontragdo e apoio nos momentos tensos!

Aos meus colegas e amigos que trago da graduacdo, Geny, Fernanda, Roberta,
Marcelo, Simone e Marcela pelas conversas, descontracdo, apoio, ajuda ou por
dizerem aquelas palavrinhas que a gente precisa ouvir as vezes. Também por escutar

guando a gente precisa desabafar!

As amizades que eu fiz na pés, Anahy, Milene, Regina, Bruna, Tabata, Maiara,
Michele, Renatinha, Vinicius, Lais, Cassia (e me perdoem se eu esqueci alguém, nao

briguem comigo!)

A Maria, pela simpatia e carinho, e pelos chazinhos feitos especialmente pra

mim!

A Glauce, que eu incomodei diversas vezes, pela ‘supervisio’ constante no

laboratério de Citologia.

A minha banca, que aceitou o trabalho com pouco tempo de antecedéncia, e se

dispds a contribuir com este trabalho!

Aos meus amigos em colegas em geral, pois certamente cada um teve sua

participacdo especial na minha estrada até aqui!



INDICE

RESUIMO GERAL ...ttt ettt ettt ettt e s bt e sabeesbeeenbeenseesaneens 5
INTRODUGAO GERAL .....vvivieiieietetceiie ettt be ettt s bt sn s snne 6
OBUJETIVOS ...ttt ettt ettt ettt et st e bt e et e b e saneenneesaneenneenaneens 12
(0] 0] (=10} CT={ o | BT PPPR RSP 12
ODJELIVOS ESPECITICOS .....vvvveeeeeeeeeieecirieeeee e e ee ettt e e e e e e e s e e e e e e e s esabraereeeeeeeennnasseees 12

F Y o= Lo PP PP PP PP PP PP P PP O PO PPPOPUPPPRPRPRPRPRPRt 13
ADBSTIACT ... st sneees 14
INErOAUCTION ... s s 15
Materials and Methods ...............ccooiiiiiiiiiiii 17
COINCUITUIE ... 17
SYNLNESIS Of COMPOUNGS ...ttt ece e et e e e e ae e e e saaa e e e sennaeeeeanns 17
Cells and treatments with oleoyl ethanolamide (OEA) and oleic pyrazoline (OPZ) 18
CellUIAr VIADIIIEY ...ttt e et e e e e e s e rae e e e e e s e e s naraees 19
Quantitative analysis of apoptosis ANd NECrosis ...........ccuveeeeeeieecciieeeeeeeeeeeccveen, 20
Assessment of intracellular Reactive Oxygen Species (ROS) formation.................. 20

Lo o oo o] =T o] SRR 21
SEALISEICAI ANAIYSIS .vvveeeeeeeceeeee et e e e e et e e e e e e e s aarraeeeaaeeas 21
RESUIES ... e s s e e 21
OFA .o e et r e st e r et r e s n e e r e e e n e reenneens 21
OPZ....ooeeeeeeeeeeee e ettt e r e s ne e n e e et nneenneeas 22
ROS....eeeeeeee ettt sttt b et b et e bt e sabe e nbe e e beenaeeeteen 23
APOPLOSIS ANA NECIOSIS.......vveeeieeiieeeeeiiiee e eetee e e et ee e e saee e e sstte e e s ssraeeeessseeessnsaeeesanns 24
(oI o Jole ) =1 o] AR PR 25
DISCUSSION ...ttt e s s r e s s e e e s ssbreeeseaes 26
AcknoWIEdEEmMENTS ...........oeeiiiiiiie e 28
REFEIENCES ... e s n e 28
CONCLUSOES ...ttt e 32
REFERENCIAS ...ttt 33



RESUMO GERAL

O melanoma cutaneo é um tipo de cancer da pele de pior progndstico. Assim, a
prevencdao e a deteccdo precoce sdao as medidas de maior sucesso contra esta
patologia, ja que os tratamentos disponiveis sao escassos e, quando em estagio
avancado da doenga, pouco eficientes. Logo, é importante encontrar tratamentos
alternativos mais eficazes. Entre as diferentes substdncias em estudo para uso como
guimioterapicos, se destacam as substancias canabindides que podem apresentar um
perfil de seguranca, por seus receptores serem expressos em locais especificos, como
na pele, principalmente em células de melanoma. Outro grupo de compostos que
podem exercer efeitos importantes sobre os organismos sdo os pirazolinicos
trialometilados, que foram relatados por ter uma ampla gama de aplicacbes na
farmacologia. Ainda, diversos estudos demonstraram que os canabindides e os
compostos pirazolinicos trialometilados podem exercer os seus efeitos através da
geracao de ROS. Assim, este trabalho teve como objetivo avaliar o envolvimento da
producdo de ROS nos efeitos do endocanabindide oleiletanolamida (OEA) e do seu
andlogo pirazolinico denominado pirazolina oléica (OPZ) em células de melanoma da
linhagem B16F10. As células foram mantidas em meio DMEM suplementado. As
concentrac¢des de OEA e OPZ utilizadas foram 50, 125, 250, 375 e 500 uM, e os grupos
controles receberam os mesmos veiculos utilizados para solubilizar os compostos em
cada situacdo experimental. Foram realizados testes de viabilidade celular utilizando o
ensaio colorimétrico de MTT, e avaliagcdo de apoptose e necrose por microscopia de
fluorescéncia. A geragdo intracelular de ROS foi avaliada por fluorimetria. Além disso,
a-tocoferol foi utilizado como padrao antioxidante para avaliar o envolvimento de ROS
na resposta celular. Os resultados obtidos mostraram diminui¢do na viabilidade
celular, com inducdo de apoptose e necrose, e aumento da geracdao de ROS com a
utilizacdo da OEA. J& a OPZ causou aumento na proliferacdo celular e diminuicdo de
ROS. Além disso, os efeitos do OEA na viabilidade celular foram diminuidos com a
inibicdo na geracao de ROS por a-tocoferol. Assim, é possivel sugerir o envolvimento
da geracdo de ROS no efeito da OEA nas células da linhagem B16F10.

Palavras chave: viabilidade celular, apoptose, linhagem celular B16F10, oleil

etanolamida, pirazolina oleica, espécies reativas de oxigénio.



INTRODUCAO GERAL

Atualmente, o cancer é um dos maiores causadores de mortes no Brasil e no
mundo. No Brasil, esta patologia representa a segunda maior causa de oObito na
populacdo humana adulta (Revista da Associacdo Médica Brasileira, 2004). O cancer é
caracterizado pelo crescimento descontrolado (tumorogénese) e disseminacdo de
células anormais e pode ser causado por fatores externos - tabaco, organismos
infecciosos, produtos quimicos, radiacdo - e fatores internos - mutagdes hereditarias,
hormonios, condicGes imunoldgicas e mutacdes que ocorrem no metabolismo. Esses
fatores podem agir isolados, em conjunto ou em sequéncia na iniciacdo ou promocao
da carcinogénese (American Cancer Society, 2011). No Brasil, o cancer da pele é o tipo
de cancer mais frequente, representando 25% do total de casos. Entre esses, o
melanoma representa apenas 4% das neoplasias malignas, sendo, porém o mais grave,
por ter uma alta capacidade de metastase (INCA, 2013), e por este motivo é
considerado também o maior causador de mortes por cancer da pele no mundo
(Thompson et al., 2005, Garbe e Leiter, 2009). O melanoma cutaneo é um tipo de
cancer da pele que tem origem nos melandcitos (células produtoras de melanina) e
tem predominancia em adultos caucasianos. Atualmente a prevencdo e a deteccdo
precoce sao as medidas de maior sucesso contra esse tipo de cancer, ja que os
tratamentos disponiveis sdo bastante escassos, sendo os tratamentos quimioterdpicos
atuais pouco eficientes (Blazquez et al., 2006). Sendo assim, é de extrema importancia
encontrar substancias e tratamentos mais eficazes que impe¢am ou diminuam a
proliferacdo do melanoma, principalmente em seus estdgios mais avancados.

Dentre as diferentes substancias em estudo para uso como quimioterapico se
destacam as substancias canabindides (Velasco et al 2012). Os canabindides sdo
substancias lipidicas originalmente identificadas na planta Cannabis sativa com efeitos
psicoativos. Aproximadamente 70 substancias canabindides ja foram identificadas a
partir do extrato dessa planta, mas dentre elas a mais abundante e considerada como
representativa do grupo é a A(9)-tetraidrocanabinol (THC) (Pertwee, 2008).

Entre as aplicacOes terapéuticas tipicas sugeridas para o THC, estdo a reducdo
de inflamagcdo, asma e alguns tipos de dor cronica e estimulacdo do apetite em

pacientes com cancer submetidos a quimioterapia (Mechoulam, 1986). Além disso, a
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possibilidade de que as substancias como o THC possam ser utilizados como farmacos
anti-tumorais tem sido explorada ha muito tempo (White et al., 1976). Partindo deste
conhecimento, é razoavel supor que os farmacos obtidos a partir de derivados de
acidos graxos canabindides - ou que tenham capacidade de mimetiza-los - possam ser
utilizados para a cura ou alivio de tais condicGes patoldgicas.

Desde a identificagdo dessas substancias nas décadas de 60 e 70, vdrias
substancias andlogas tém sido sintetizadas e utilizadas como farmacos com varios
efeitos medicinais (Hondrio et al., 2006). Estas substdncias sintéticas exercem seus
efeitos por mimetizar substancias enddgenas (Pacher et al., 2006).

A descoberta de duas substancias canabindides produzidas endogenamente,
agora denominadas endocanabindides, a anandamida (ou araquidonoil etanolamida
[AEA] e sn-2-araquidonoil glicerol (2-AG) (Pertwee, 2010; Mechoulam, 1995;
Mechoulam, 2002) abriu uma nova linha de investigacdo cientifica a qual explicou, pelo
menos em parte, o modo de acdo dos canabindides em geral e conduziu a
identificacdo de outras substancias endégenas derivadas de acidos graxos saturadas,
monoinsaturadas e poli-insaturadas, como as derivadas de N-acil etanolamidas (NAEs),
como a palmitoil etanolamida (PEA) e oleil etanolamida (OEA).

Tem sido verificado que estas substancias canabindides, sejam as de origem
vegetal, sintéticas ou enddgenas, podem exercer seus efeitos celulares através de
ligacGes com receptores especificos canabindides tipo 1 e 2 (CB; e CB,) (Blasquez et al
2006). Esses receptores canabindides foram identificados e localizados no Sistema
Nervoso Central, tendo como principal fator contribuinte para essa descoberta, os
andlogos do A(9)-tetraidrocanabinol (Devane et al., 1988). Os canabindides podem
também exercer seus efeitos interagindo com receptores nao especificos, como por
exemplo, o receptor de potencial transiente vanildide 1 (TRPV1) (Demuth e Molleman,
2006). E possivel ainda, que os efeitos ocorram devido a sua solubilidade lipidica,
através de associacdes diretas com enzimas do ambiente de membrana,
principalmente com microdominios de membrana ricos em colesterol, denominados
de jangadas lipidicas (“lipid rafts”) (Grimaldi e Capasso 2012). Estas servem para
concentrar e organizar proteinas sinalizadoras que por sua vez, regulam o
comportamento celular. Alguns estudos indicam que jangadas lipidicas transmitem

sinais letais de endocanabindides em células tumorais (Scuderi et al.,, 2011). Os
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receptores canabindides sdo reconhecidos como componentes vitais do sistema,
através do qual os canabindides e endocanabindides geralmente, mas ndo
exclusivamente, exercem os seus efeitos.

Segundo alguns autores palmitoiletanolamida (PEA) e oleiletanolamida (OEA)
ndo exercem seus efeitos através de ligacdo com os receptores canabindides
especificos CB; e CB, (Schmid e Berdyshev, 2002). Por este motivo, em alguns
trabalhos PEA e OEA sdao consideradas atualmente como “endocanabindides-like”
(Fonseca et al., 2013) e de acordo com Pertwee et al. (2010) a OEA ativa os receptores
TRPV1, que podem vir a ser considerados como receptor CBs no futuro.

A potencial aplicacdo das substancias canabindides como farmacos
antitumorais baseia-se nos efeitos de diminuicdo na proliferacdo e sobrevivéncia
celular (Bifulco et al., 2006; Sarfaraz et al., 2008), bem como por terem uma
capacidade de inibir o crescimento e a angiogénese de alguns tipos de xenoenxertos
de tumores em alguns modelos animais (Guzman, 2003). Segundo Blazquez et al.,
(2006), células de melanoma expressam ativamente receptores canabindides (CB; e
CB,), e a ativacdo desses receptores inibe o crescimento de células de melanoma in
vivo e in vitro. Isso ocorre, ao menos em parte, pelo fato dos canabindides pararem o
ciclo celular na transicdo entre G1-S por meio da inibicdo da proteina Akt e
hipofosforilagdo da proteina retinoblastoma (pRb), impedindo o ciclo de se completar,
logo, inibindo o crescimento e proliferacdo celulares. Ainda, foi sugerido recentemente
gue o aumento dos niveis de endocanabindides e o bloqueio de sua degradacao
diminuem a viabilidade de células tumorais (Hamtiaux et al., 2012). Além disso, o
grande interesse no uso de substancias canabindides como quimioterdpicos também
se baseia no fato deles apresentarem um perfil de seguranca, ndao produzindo os
efeitos citotoxicos generalizados dos quimioterapicos tradicionais, pelo fato de seus
receptores serem expressos em locais especificos, como na pele, principalmente em
células de melanoma (Guzman, 2003). Endocanabindides ndo sdo armazenados nas
células como neurotransmissores classicos, mas sdo rapidamente formados a partir de
fosfolipidios de membrana quando necessario. O aumento da sintese enddgena, o
catabolismo de varios ligantes dentro de células e tecidos e 0 aumento das expressdes
de diferentes receptores parecem ser importantes para sinalizacdo das cascatas pelas

diferentes quinases. Essa sinalizacdo resulta em efeitos pro-autofagicos, proé-
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apoptéticos, anti-proliferativos ou anti-apoptéticos, e esses efeitos tém sido
observados em alguns tecidos e células de cancer (Cudaback et al., 2010).

Porém, para que a utilizacdo dos compostos canabiondides, e até mesmo a
sintese de novos compostos canabindides com maior eficicia como quimioterapicos
seja realmente efetivada, o aumento do conhecimento acerca do seu mecanismo de
acao na pele precisa ocorrer. Agentes antitumorais geralmente tendem a inibir o
crescimento de células tumorais através da promocdo de apoptose (Cudaback et al.,
2010). Os mecanismos pelos quais os canabindides induzem a apoptose nao estdo
completamente conhecidos atualmente. Foram sugeridos diversos mecanismos que
podem ser alterados por alguns fatores tais como diferengas nos tipos celulares,
expressao do receptor, concentragdes de agonistas disponiveis, entre outros,
resultando em ativacdo de diferentes vias de sinalizacdo (Salazar et al., 2009 ; Vara et
al., 2011).

Ja estd relatada na literatura alguma relacdo entre receptores canabindides e
estresse oxidativo. Segundo Bifulco et al. (2008), a interagdo de canabindides com
receptores TRPV provoca ativacdo de mais de um mecanismo celular, como por
exemplo, a ativacao da via de apoptose mitocondrial, que ocorre juntamente com o
aumento nos niveis de ROS, e consequente aumento nos niveis de estresse oxidativo.
Também Carracedo et al. (2006) demonstraram que o tratamento de células
pancreaticas tumorais com um canabindide especifico aumentou a expressdao dos
genes ATF-4 e TRB3 relacionados ao estresse oxidativo, entre outras vias, resultando
em apoptose. Ainda, diversos estudos demonstraram que os canabindides podem
exercer os seus efeitos anti-proliferativos e induzir a morte celular dependente de
ROS. A anandamida, por exemplo, levou ao aumento da produgao de ROS em células
tumorais (Massi et al., 2003; Sarker et al., 2003). Ainda, Jacobsson et al. (2001)
demonstraram que os efeitos anti-proliferativos da anandamida e 2 - AG em células de
glioma podem ser totalmente inibidos pelo antioxidante a-tocoferol (Jacobsson et al.,
2001).

O estresse oxidativo é caracterizado pelo desbalanco da concentracdo de
espécies reativas de oxigénio (EROs) e das defesas antioxidantes que venha a causar

um dano no organismo, como, por exemplo, o aumento da taxa de superodxido e



geracdo de peroxido de hidrogénio ou também pela diminuicdo dos niveis de
antioxidantes (Droge, 2002).

O efeito dos canabindides na geracdo de EROs ou no sistema de defesa
antioxidantes é controverso. Por vezes danos celulares induzidos por ROS sdo
favorecidos pelos canabindides, enquanto outras vezes observa-se um efeito protetor
exercido pelos canabindides para estes danos induzidos por ROS. Foi sugerido que
esses efeitos opostos podem ser dependentes da concentracdo disponivel de
canabindides. O papel dos receptores CB nos efeitos pré ou antioxidantes também nao
estd claro, e tanto os efeitos dependentes como os independentes de receptores
foram relatados por variar de acordo com diferentes tipos de canabindides em um
estudo sobre a oxidacdo de HDL no sangue (Zolese et al., 2005).

Entre os compostos que podem exercer efeitos importantes sobre os
organismos através da geracdo de ROS estdo também os compostos pirazolinicos
trialometilados. Estes compostos foram relatados por ter uma ampla gama de
aplicagbes na farmacologia, por suas propriedades antimicrobianas, analgésicas
antinociceptivas,  estimulatérias da  secrecdo intestinal, antidepressivas,
anticonvulsivantes, antipiréticas, anti-inflamatdrias e hipofagicas (Nenajdenko e
Balenkova, 2011; Sauzem et al., 2008).

O analogo canabinodide pirazolinico utilizado neste trabalho é resultante da
hibridizacdo entre uma estrutura dita privilegiada (nucleo pirazolinico trifluormetilado)
e a cadeia graxa de um composto endocanabindide derivado de dacidos graxos
denominados N-aciletanolamidas (NAEs), a oleiletanolamida, (OEA) (Figura 1 e 2). Este
novo composto foi denominado pirazolina oléica (OPZ) (Figura 3).

Diante do exposto acima, é relevante estudar o efeito da OEA bem como do seu
analogo sintético (OPZ) nas células de melanoma afim de buscar elucidar a possivel

participacdo do estresse oxidativo na acao destas moléculas.

\/\/\/\/:\/\/\/\)J\N/\/OH

H

Figura 1. Estrutura molecular do endocanabindide oleiletanolamida (OEA).
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oleil etanolamida
pirazolina trifluormetilada

HIBRIDIZACAO
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oleil pirazolina

Figura 2. Desenho molecular dos analogos canabindides pirazonilicos.

(2)-1-(5-hidroxi-3-(4-metilpent-3-enil)-5-(trifluormetil)-
4,5-diidropirazol-1-il)octadec-8-en-1-ona

Figura 3. Andlogo canabindide pirazolinico sintético utilizado neste trabalho.
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OBIJETIVOS

Objetivo Geral

O objetivo deste trabalho é avaliar o envolvimento da produgao de ROS nos efeitos do
endocanabindide oleiletanolamida (OEA) e do andlogo pirazonilico (OPZ) em células de

melanoma.

Objetivos especificos

1. Investigar o efeito do composto pirazolinico sintético andlogo de
endocanabindides (OPZ) na viabilidade celular, comparando com os efeitos do

OEA;

2. Investigar se OEA e OPZ induzem o aumento de ROS nas células de melanoma;

3. Investigar se existe a dependéncia da geracdo de ROS para os efeitos na

viabilidade celular em células de melanoma tratadas com OEA E OPZ.
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Abstract

The objective of this work was to evaluate the involvement of ROS production
in the effects of the endocannabinoid oleoyl ethanolamide (OEA) and its pirazolinic
analogue denominated pyrazoline oleic (OPZ) in B16F10 melanoma cell line. The cells
were maintained in DMEM medium supplemented with fetal bovine serum (10%), and
antibiotic and antimycotic (1%). The OEA and OPZ concentrations used were 50, 125,
250, 375 and 500 uM. It was evaluated cell viability using the MTT colorimetric assay,
and apoptosis and necrosis by fluorescent microscopy. The generation of intracellular
ROS was evaluated by fluorimetry. In addition, a-tocopherol antioxidant was used to
evaluate the involvement of ROS in the cellular response. The results showed a
decrease in cell viability, induction of apoptosis and necrosis, and increased generation
of ROS by the use of the OEA. Already OPZ caused increased cell proliferation and
decreased ROS. Moreover, the effects of OEA cell viability was decreased by inhibiting
the generation of ROS by a-tocopherol. Thus, it is possible to suggest the involvement
of ROS generation in the effect of OEA in the cell line B16F10. Considering the great
need to find new substances that can fight melanoma and the lack of greater
elucidation of the mechanisms of action of cannabinoids and their analogues this work

provides new important information that stimulate new studies.

Keywords: cell viability, apoptosis, B16F10 cell line, oleic pyrazoline, oxidative stress.
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Introduction

The search for more effective substances and treatments that prevent or
reduce the melanoma proliferation, even in advanced stages, is still extremely
important.

Among several substances studied for use as chemotherapeutic, the
cannabinoid substances are highlighted (Velasco et al 2012). These are lipid substances
originally identified in the plant Cannabis sativa with psychoactive effects, being the
most abundant and considered representative of the group A(9)- tetrahydrocannabinol
(THC) (Pertwee, 2008).

The THC has several therapeutic applications, including reduction of
inflammation, asthma and some sort of chronic pain, besides appetite stimulation in
cancer patients undergoing chemotherapy (Mechoulam, 1986). Based on this
knowledge, it’s reasonable to propose that drug obtained from cannabinoid fatty acid
derivate — or those who have ability to mimic them — might be applied to cure or relief
of pathological conditions.

Discovery of two cannabionoid substances endogenously produced,
anandamide (or arachidonoyl ethanolamide [AEA]) and sn-2-arachidonoyl glycerol (2-
AG) (Pertwee, 2010; Mechoulam, 1995; Mechoulam, 2002) opened a new scientific
research that contributed to identify another endogenous substances derivate from
fatty acid as the oleoyl ethanolamide (OEA), that is derivate of N-acyl ethanolamides
(NAEs).

According to Bifulco et al. (2006) and Sarfaraz et al. (2008), cannabinoid
substances have a potential application as antitumor drugs that cause decrease in cell
survival and proliferation. Moreover antitumor agents tend to inhibit the tumor
growth thought apoptosis promotion on tumor cells (Cudaback et al., 2010). In
accordance with Blazquez et al. (2006), melanoma cells express cannabinoid receptors
(CB; e CB,), and its activation inhibits the melanoma cells growth in vivo and in vitro.

It has already been related in the literature the relation between cannabinoid
receptors and oxidative stress. In the study made for Bifulco et al. (2008), the

cannabinoid interaction with transient receptor potential vanilloid (TRPV) promotes
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the activation of more than one cell mechanism, among which, mitochondrial
apoptosis pathway activation, that occurs at the same time the ROS generation
increase and consequently increased oxidative stress. Carracedo et al. (2006), also
showed the treatment on pancreatic tumor cells using a specific cannabinoid increased
gene ATF-4 and TRB3 which are related with oxidative stress, among other pathways,
leading to apoptosis. Furthermore, several studies demonstrated that cannabinoids
can realize its antiproliterative effects and induce cell death dependent of ROS. The
anandamide, for example, leads to an increased ROS generation in tumor cells (Massi
et al., 2003; Sarker et al., 2003). Jacobsson et al. (2001) demonstrated the anandamide
antiproliferative effects and 2-AG in glioma cells whose can be completely inhibit by
antioxidant a-tocoferol.

However, the role of cannabinoids on regulation of oxidative stress remains
controversial. Sometimes, the cell death induced by ROS is supported by cannabinoids,
while in other situation a protective effect by cannabinoids against induced death by
ROS can be visualized. The role of receptors CB on prooxidant and antioxidant effects
is unclear and both the effects receptors-dependent and -independent were related by
varying in according with different cannabinoids (Zolese et al., 2005).

Among the compounds that can have significant effects on the organisms by
the generation of ROS there is also the trihalometilated pyrazolinic compounds. These
compounds were reported to have a wide range of applications in the pharmaceutical
industry, by its antimicrobial, antinociceptive, analgesic, stimulatory intestinal
secretion, antidepressant, anticonvulsive, antipyretic, anti-inflammatory and hypofagic
properties (Nenajdenko e Balenkova, 2011; Sauzem et al., 2008). In this study, we used
a pyrazolinic cannabinoid analogue resulting from hybridization between a structure
considered privileged (pyrazolinic trifluoromethylated nucleus) and fatty chain from an
endocannabinoid compound derived from fatty acid called N-acylethanolamides
(NAEs), - the oleoyl ethanolamide (OEA) - in order to study the involvement of ROS
production in the effects of the endocannabinoid oleoyl ethanolamide (OEA) and its

pyrazonilic analogue called oleic pyrazoline (OPZ) in melanoma cells.
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Materials and Methods

Cell culture

The murine melanoma cell line, B16F10, was obtained from the Rio de Janeiro Cell
Bank. B16F10 cell line was maintained in DMEM medium, supplemented with sodium
bicarbonate (0.2 g/L), L-glutamine (0.3 g/L), Hepes (3 g/L), 10% fetal bovine serum, 1%

antibiotic and antimycotic, in cell culture flasks at 37 °C.

Synthesis of Compounds

The compounds were synthesized by the Kolbe Organic Synthesis Laboratory, from
FURG, based on those methods already described in the literature. To obtain the
oleoyl ethanolamida (OEA) was performed esterification of oleic acid to obtain methyl
oleate, which was then subjected to aminolysis reaction with ethanolamine to obtain
the OEA (Lopes et al., 2010) (Fig. 1 a).

The synthesis of pyrazoline analogue to OEA was performed according to Beck et al.
(2012). In a first step was made a reaction hydrazinolysis from methyl oleate to obtain
the oleic hydrazide, which was then subjected to reaction cyclocondensation with (Z)-
1,1,1-trifluoro-4-methoxy-8-metilnone-3,7-dien-2-one (enone) to obtain the new
analogue (2)-1-(5-hydroxy-3-(4-methylpent-3-enyl)-5-(trifluoromethyl)-4,5-
dihidropyrazol-1-il)octadec-9-en-1-one (oleic pyrazoline — OPZ) (Fig. 1 b).
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Fig 1. (a) Synthesis and molecular structure of oleoyl ethanolamide (OEA) and (b) oleic

pyrazoline (OPZ), (b) synthesis and molecular structure of oleic pyrazoline (OPZ).

Cells and treatments with oleoyl ethanolamide (OEA) and oleic pyrazoline (OPZ)

The B16F10 cells were centrifuged, suspense in DMEM medium (2x10°cells/mL) and
incubated for 24 h to adhere in cell culture plates at 37 °C. The compounds (OEA and
OPZ) were diluted in ethanol and Tween 20 (Synth) and added in the cells in the
maximum volume of 0.05% (0.04% ethanol and 0.01% Tween) which was not cytotoxic
(Fig. 2a). The control cells received the same volume of solvent of the highest
concentrations of compounds. The concentrations of OEA or OPZ tested were 50, 125,

250, 375 and 500 pM until 72 h.
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Fig 2. Cells B16F10 treated with (a) ethanol and tween; (b) DMSO; and (c) ethanol and
tween, DMSO or both solvents at the same concentration. Data are shown as mean +

standart error. * indicates significant difference from the respective control at each

exposure time (p<0.05).

Cellular viability

The viability of B16F10 cells exposed to OEA and OPZ was measured by method of
MTT (3-(4,5--2-yl)-2,5-ditetrazolium bromide) O h, 24 h, 48 h and 72 h after incubation at 37
°C, according to Trindade et al., (1999). Briefly, the cells after incubation were washed
with PBS and 200 ul DMEM medium B-mercaptoethanol free and 20 ul of MTT (5

mg/ml) was added to each well. The plates were incubated for 3 h at 37 °C. The
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medium was removed and formazan crystals were dissolved in 200 ul of
dimethylsulfoxide (DMSO, Sigma) with gentle shaking. The absorbance values at 490
nm were determined on a multiwell plate reader (ELX 800 Universal Microplate

Reader, Bio-TEK).

Quantitative analysis of apoptosis and necrosis

The evaluation of apoptosis and necrosis was realized according to Ribble et al. (2005)
modified, with the addition of 2 pl of work solution composed by PBS, with 100 pug/mL
of acridine orange and 100 pg/mL of ethidium bromide. The analysis was performed
from areas captured from the well plate (20X) with epifluorescence microscope
(Olympus 1X81). All cells were analyzed and the data were expressed in percentage
related to total cells number visualized on the captured area. The cells were classified
according Kosmider et al (2004) modified, as following: those evincing yellow-orange
fluorescence cytoplasm and green nucleus were considered viable cells; those
presenting orange nucleus with fragmented chromatin were considered apoptotic.

Those cells with uniformly orange-stained nucleus were considered necrotic.

Assessment of intracellular Reactive Oxygen Species (ROS) formation

The B16F10 cells were centrifuged, suspense in DMEM medium (2x10°cells/mL) and
incubated for 24 h to adhere in cell culture plates with DMEM medium at 37 °C. After
this, they were treated in medium with 50, 125 and 250 uM of OEA or OPZ and
incubated at 37 °C during 24 h. Then the cells were washed with PBS (two times) and
incubated for 30 min at 37 °C with the fluorogenic compound 2°,7 -dichlorofluorescin
diacetate (H,DCF-DA) at a final concentration of 40 uM. After the loading with H,DCF-
DA, the cells were washed with PBS two times and then suspended in fresh PBS.
Aliquots of 160 ul of each sample (five replicates) were placed into an ELISA plate and
the fluorescence intensity was determined during 90 min at 37 °C, using a fluorometer
(Victor 2, Perkin Elmer), with an excitation and emission wavelength of 485 and 520
nm, respectively. ROS levels were expressed in terms of fluorescence area, after fitting
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fluorescence data to a second order polynomial and integrating between 0 and 90 min

in order to obtain its area.

a-tocopherol

To verify the involvement of ROS generation in the effects of OEA was used an
antioxidant (a-tocopherol - Vitamin E) at the concentration of de 25 pug/ml dissolved
with DMSO. The cells were treated with a-tocoferol, 250 uM of OEA, and a-tocoferol
and 250 uM of OEA during 24 h. The control cells received the same volume of solvent
used in each condition (Ethanol and Tween or DMSO, or DMSO plus Ethanol and
Tween) (Fig. 2 a, b, c respectively). It was made assessment of intracellular ROS
formation and cell viability assay by MTT. In this case the data are presented as

percentual of viable cells in relation to respective controls.

Statistical analysis

Each experiment was repeated on three independent times with, at minimum
triplicate samples. The results were expressed as the means + SEs. Analysis of variance
(ANOVA) was used to determine significant differences among groups. Tukey’s
significant difference post hoc test was used for pairwise comparisons after analysis of

variance. Statistical significance was accepted at p < 0.05.

Results

OEA

When exposed to OEA the B16F10 cell line showed lower percentage of viable cells 24
h after treatment with concentrations of 250 uM and 375 uM compared to control.
After 48 h, it was observed a lower percentage of viable cells compared to control in

cells treated with a concentration of 375 uM of OEA. At 72 hours this effect was no
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longer observed, except for the concentration of 500 uM, which was cytotoxic from

24h exposure (Fig. 3 a).

OPz

On OPZ exposure, there were not any significant differences immediately, 24 h and 48
h after treatment with different concentrations. However 72 h after treatment it was
observed a significant increase in the percentage of viable cells treated with 50 uM,

125 uM and 375 uM of OPZ (Fig. 3 b).

150+
[ Control
> I L 3 50uM
= 1004 I I I8 £ 125uM
.@ Em 250uM
S * . B 375uM
3 50- . mm 500pM
@)
X
* * *
C ] T L) -
Q q'\;“ b?;o 4:'5\
(a) Time
200+
* ¥ 1 Control
X1 3 50 pM
> J I
£ 1% ; B 125 M
'.g B 250 uM
& 100, B 375 uM
= EE 500 UM
3 504
X
0- T
(b) R
Time

Fig. 3 (a) Percentage of viable B16F10 cells treated with different concentrations of
OEA and (b) OPZ immediately, 24 h, 48 h and 72 h after exposure. Data shown are the

mean * standard error. * Indicates significant difference from the respective control at

each exposure time (p < 0.05).
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ROS

After 24 hours of treatment with OEA, B16F10 cells showed an increase in ROS
generation in concentration of 250 uM compared to control (Fig. 4a). For OPZ was
observed a reduction in the generation of ROS in concentration of 50 uM, suggesting

an antioxidant effect of this molecule (Fig. 4 b).
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Fig. 4 (a) ROS generation in B16F10 cells treated with 50 uM, 125 uM e 250 uM of OEA
and (b) OPZ for 24 h. Data shown are the mean * standart error. * Indicates significant

difference from the respective control at each exposure time (p< 0.05).

23



Apoptosis and Necrosis

It was observed a decrease in cell viability while the concentration of OEA increased. In

the concentrations of 125 and 250 uM, there was a decrease in number of viable cells

and an increase in cell apoptosis. At highest concentrations (375 and 500 uM) all cells

suffered necrosis (Fig. 5c).
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Fig. 5(a) Visual field of cells in the control group demonstrating viable cells and (b) cells

treated with 125 uM of OEA showing viable cells, in apoptosis or necrosis captured by

fluorescence microscopy, and (c) Percentage of viable, apoptotic and necrotic B16F10

cells 24h after treatment with 50 uM, 125 uM, 250 uM, 375 uM e 500 uM of OEA from

the visual field captured by a fluorescence microscope. Data shown are the mean *

standart error . *, ** and *** indicate significant difference in relation to control on

viable, apoptotic and necrotic cells number, respectively ( p< 0.05).
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o - tocoferol

In the treatment of OEA with a—tocopherol, the ROS generation was significantly lower
than treatment with only OEA and statistically equal to the treatment with only a-
tocopherol (Fig. 6 a). Compared to its control, only OEA showed significant difference

in the percentage of viable cells (Fig. 6 b).
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Fig. 6 (a) ROS generation in B16F10 cells exposed to OEA (250 uM) in the presence and
absence of antioxidant (a-tocopherol) and (b) Cell viability 24 h after treatment with
and without the use of a-tocopherol. Data are shown as mean * standart error
Different letters mean significant differences between treatments (p< 0.05 ) and *
means significant difference between the treatment and its respective control (which

received the same vehicle used as solvent).
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Discussion

According to Bifulco et al., 2006 the potencial application of cannabionoid
substances as antitumor drugs is supported by the decreased cell proliferation and
survival, among others. In this study, two cannabinoid substances were used: an
endocannabinoid, the oleoyl ethanolamide (OEA) and its pyrazolinic analogue
denominated oleic pyrazoline (OPZ).

Previous studies have shown that trihalomethylated pyrazolines may have
remarkable effects on the organisms, mediated through ROS generation, as well as a
wide application in the pharmacology where they may be considered “privileged
structures” in Medicinal Chemistry. According to Hassan et al. (2011), pyrazolinic
compounds may induce oxidative stress and, in some cases, the antitumor activity may
be accompanied by a considerable increase in superoxide dismutase activity, decrease
in catalase and glutathione peroxidase activity in addition to decreased levels of
glutathione, high production of H,0,, NO and free radicals, leading to death of tumor
cells.

Thus, the utilization of synthetic cannabinoids analogs associated with
pyrazoline structures should cause increased ROS generation and antiproliferative
effect. However, these effects were not observed for OPZ. After 72h exposure to
modified structure (OPZ), the opposite effect was seen and increased cell proliferation.
Furthermore, when the endocannabinoid was tested in its original form (OEA), a
considerable effect in cell viability was observed.

According Blazquez et al. (2006), melanoma cells actively express cannabinoid
receptors (CB; and CB,) and these receptors activation inhibits the growth of
melanoma cells in vivo and in vitro. In this study was verified the utilization of
cannabinoids THC and synthetic - WIN 55212-2 inhibit the growth of melanoma cells
but not in melanocytes. Given the antitumor properties of cannabinoids,
overexpression of CB receptors in tumors could be useful for predicting
pharmacological responsiveness to cannabinoid agonists and their selectivity in tumor

compared to normal cells.
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Also, it was recently suggested that increased levels of endocannabinoids and
blocking its degradation lead to decreased the viability of tumor cells (Hamtiaux et al.
2012). According to Cudaback et al. (2010), the increased synthesis of endogenous
cannabinoid, catabolism of several ligands inside cells and tissues and increased
expression of different receptors appear to be important in signaling cascades by
different kinases. This signaling results in proautophagic, proapoptotic,
antiproliferative or antiapoptotic effects, and these effects have been observed in
some tissues and cancer cells.

In the present study, after 24 h there was a decrease in viable cell number and
an increase in apoptotic cells in concentrations of 125 and 250 uM of OEA. The higher
concentrations (375 and 500 uM) lead to cell death by necrosis. According to these
results we might suppose that the intermediaries concentrations allow an initiation to
a cellular response, leading cells to apoptosis, whereas higher concentrations because
they are too high, do not allow any attempt to cell response. Also, Guiliano et al.
(2009) demonstrated that the utilization of the synthetic cannabinoid WIN 55,212-2 in
liver cancer cells was associated with the upregulation of proapoptotic factors such as
bax, bid and bcl-xs, and the corresponding down-regulation of antiapoptotic, cell
protective factors such as bcl-2.

Although OEA also presents antioxidant properties resulting in beneficial effects
on in vitro capacitation of human sperm (Ambrosini et al., 2006), in the present work,
the effect on cell viability was accompanied by an increase of ROS generation in the
initial 24 h, for the concentration of 250 uM of OEA. Moreover, when an antioxidant
was used in the same exposure condition, it was demonstrated a decreased in ROS
generation accompanied by a decrease OEA effect on cell viability. Also, according to
the results obtained for OPZ, it is possible to demonstrate that the structural change in
OEA led to loss of oxidant capacity, as well as the loss of ability to reduce cell viability.
Thus, these results suggest the involvement of ROS generation in the effect of OEA in
the cell line B16F10.

According to Massi et al., 2006, the involvement of ROS in apoptosis
mechanisms induced by cannabinoid has been demonstrated in glioma and leukemia

cells, and its involvement has been confirmed by using N-acetylcysteine , an
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antioxidant capable to reduce ROS production, or by the use of NAD (P), an oxidase
inhibitor that can attenuate the effects of cannabinoids.

Besides, molecular mechanisms of OEA action are not yet completely
elucidated (Fonseca et al, 2013), and more studies may be required to improve the
knowledge about this molecule. In this sense, this work wants to contribute showing
the dependence of the increase of ROS generation to the cellular death by apoptosis

inducted by OEA in the B16F10 melanoma cells.
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CONCLUSOES

A OEA diminuiu o percentual de células vidveis em relagdo ao controle na
maioria das concentragdes utilizadas.

A OPZ induziu a proliferacdo celular apds 72 h de incubacao.

OEA foi capaz de gerar espécies reativas de oxigénio nas células B16F10.

A OPZ mostrou uma capacidade antioxidante nas células B16F10.

A OEA foi capaz de induzir a morte celular por apoptose nas concentragdes
intermediarias e por necrose nas maiores concentragdes.

A utilizacdo de a-tocoferol reduziu a capacidade da OEA de gerar espécies
reativas de oxigénio.

A reducdo da geracao de ROS por a-tocoferol prejudicou a capacidade da OEA
em diminuir o percentual de células vidveis

Foi possivel demonstrar a dependéncia da geracdao de ROS para inducao de

morte das células de melanoma da linhagem B16F10 pela OEA.
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