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Lista de abreviaturas

AF — Acao fotodinamica

B16F10 — Células Tumorais de pele

EROs/ROS — Espécies reativas de oxigénio

EFM-19 - Células de carcinoma de mama humano

H,DCEF-DA - 2°,7’- Diclorofluoresceina diacetato

LPO — Lipideos peroxidados/ lipid peroxidation

melan-A — Células normais de pele (melandcitos)

MTT - 3- 4,5-dimethylthiazol-2-yl 2,5-diphenyltetrazolium

MCEF-7 — Célula carcinoma mamadrio humano

MDA-MB-231 -Célula carcinoma mamario humano

MDR — Resisténcia a multiplas drogas

2-metil-2’-F-anandamide (Met-F-AEA) - Analogo da amida graxa anandamida
OBA — Amida graxa sintética oleilbenzilamida

OBA+UVB — Ac¢ao fotodinamica da amida OBA associado com radiagcao UVB
PBS — Tampao fosfato salino

RIBA — Amida graxa sintética ricinoleilbenzilamida
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RESUMO GERAL

Substancias fotossensiveis tem sido alvo de diversos estudos numa aplicacao conhecida
como agdo fotodindmica. E sabido que compostos que apresentam em sua estrutura
molecular anéis aromaticos, tem a capacidade de absorcdo de determinada faixa de
radiacdo, logo novas moléculas que compartilhem desta estrutura, tem sido investigadas
quanto a sua aplicabilidade na a¢ao fotodinamica (AF). Neste sentido, compostos como
as amidas graxas sintéticas compartilham desta estrutura devem ser considerados e ja
tem sido alvo de estudo por nosso grupo de pesquisa.

Descritas na literatura como uma classe de lipideos biologicamente ativos, as amidas
graxas sao importantes ferramentas para o conhecimento de processos celulares
envolvidos no desenvolvimento da patologia cancer. Apesar dos efeitos das amidas
graxas terem sido verificados em varios modelos celulares, sao raros os estudos ligados
a sua aplicabilidade na AF. Esta auséncia de dados cientificos ainda ¢ mais marcante
quando consideramos o efeito de amidas graxas sintéticas.

Assim o presente trabalho comparou o efeito de duas novas amidas graxas sintéticas,
oleilbenzilamida (OBA) e ricinoleilbenzilamida (RIBA), na diminui¢do do nimero de
células viaveis em células de melanoma B16F10. Neste estudo também foram
investigados possiveis efeitos produzidos pela AF da OBA com a radiagdo ultravioleta
B (OBA+UVB), avaliando o envolvimento de estresse oxidativoe dano de DNA. Por
fim, com o intuito de comparar a sensibilidade a AF entre células tumorais e nao
tumorais, cé¢lulas de uma linhagem de melandcitos - melan-A foram expostas a este
tratamento e avaliada a viabilidade celular. Nossos resultados demonstraram para a
linhagem B16F10 que a amida OBA mostrou uma maior diminui¢do no nimero de
células vidveis quando comparada com a amida RIBA. Este resultado foi decisivo para a

escolha da amida OBA para os posteriores experimentos. Foi demonstrado que OBA



diminui o nimero de células vidveis de forma tempo e concentragao dependente e que
este efeito foi acentuado quando houve a associagdo OBA+UVB. Analisando a AF
desta associagdo foi demonstrado que o estresse oxidativo ndo estd envolvido na
diminui¢do da viabilidade celular e permitiu sugerir ser o dano de DNAo processo
envolvido nesta sensibilidade. Porfim, foi demonstrado que a linhagem nao tumoral foi
sensivel ao tratamento de AF, no entanto, a linhagem tumoral apresentou maior

sensibilidade a este tratamento.
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INTRODUCAO GERAL

Ac¢dao fotodinamica (AF) significa a fotooxidagdo de moléculas
(fotossensibilizador), na presenca de oxigénio e de uma determinada faixa de
comprimento de onda (radiagdo) (Blum,1941; Trindade et al., 1999). Este processo
ocorre por dois sistemas envolvendo oxigénio. O sistema tipo II capaz de produzir
oxigénio singlete que danificara preferencialmente o DNA e o sistema tipo I envolvendo
outras espécies reativas de oxigénio (Foote, 1991; Henderson e Dougherty, 1992).

Compostos que possuem em sua composi¢do molecular anéis aromaticos sao
candidatos a fotossensibilizadores, uma vez que esta estrutura tem a capacidade de
absorver energia luminosa em uma faixa especifica. Zhang e colaboradores (2004)
demonstraram esta capacidade para hidrocarbonetos poliaromaticos e seus derivados.
Os efeitos fotodinamicos tais como a destruicdo de enzimas e acidos nucleicos,
desnaturagdo de proteinas, inativagao celular, hemolise de eritrocitos e sensibilizagao da
epiderme humana, podem ocorrer através da interagdo de fotons com corantes, como o
azul de metileno, a eosina,o laranja de acridina, a hematoporfirina, entre outros, (Blum,
1941; Doughertyet al.,1975; Trindade et al., 1999).

Uma vez que a estrutura molecular apresentando anéis aromaticos ¢ reconhecida
como capaz de absorver determinada faixa de radiagdo, novas moléculas que
compartilhem desta estrutura devem ser investigadas quanto a sua aplicabilidade na AF.
Neste sentido, compostos como as amidas graxas podem ser considerados.

Amidas graxas sao moléculas nitrogenadas formadas a partir de cadeias longas
saturadas ou insaturadas de acidos graxos (Bezuglover al.,1998) sendo naturalmente
encontradas em microrganismos, plantas e no homem (Kangani e Kelley,2005). Estes
compostos estdo presentes na estrutura de diversas biomoléculas essenciais a vida, tal

como ceramidas, lipideos e lipoproteinas (Dembitskyet al., 2000).
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Baseado em estudos farmacologicos e bioquimicos, as amidas graxas tem
demonstrado ser uma classe de lipidios biologicamente ativos, por apresentarem
diversas atividades bioldgicas (Cravatter al,1995; Bezuglovet al, 2001), sendo
importantes ferramentas para o conhecimento de processos celulares e até mesmo para a
descoberta de novos farmacos (Aloeet al.,1993). Ja foram descritas na literatura diversas
amidas graxas as quais foram isoladas do plasma humano (Arafater al., 1989), em
células de carcinoma de mama humano EFM-19 (Di Marzoet al.,1998), no fluido
cefalorradiano de gatos (Akanmuet al., 2007), no tecido adiposo (Zoccaliet al.,2006), no
cérebro, olhos, figado, intestino e outros tecidos de ratos e porcos (Deutschet al.,1993;
Hillardet al.,1995; Ueda et al.,1995;Watanabe et al.,1996; Piomelliet al., 2007) e em
espécies de Streptomyces (Arafat et al., 1989). Também no reino vegetal as amidas
graxas estdo presentes em larga escala, por exemplo, na alga Rizocloniumhierogliphicun
da qual foram isolados mais de oito tipos de amidas graxas (Bezuglovet al.,1998).

A amida graxapalmitoiletanolamida,biossintetizada pelo organismo durante
processos inflamatorios,é responsavel por proporcionar o alivio da inflamacdo e
controle da dor (Re et al.,2007; Wallace et al., 2007). Ja as amidas graxas anandamida e
a oleamida, segundo Bisognoet al. (1998), apresentam atividades antitumorais, inibindo
a proliferacao de células de cancer de mama humano (linhagem EFM-19).

Também DePetrocelliset al.(1998) demonstraram que a amida graxa anandamida
provocou a inibic¢ao da proliferagao das células EFM-19, com inibi¢do maxima de 92 %,
em 10 pM, 48 horas apdés o tratamento de forma dose-dependente. A
anandamidaprovocou este mesmo efeito nas células MCF-7, outra linhagem de cancer
de mama, com inibicdo maxima de 83 %, ja na concentragdo de 5 uM, apods 72 horas de
tratamento. A amida graxa anandamida mostrou que, de forma dose-dependente, foi

capaz de provocar a inibicdo do ciclo celular na fase S do ciclo mitético de forma
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significativa.Ainda, Grimaldiet al. (2006), trataram a linhagem celular MDA-MB-231
com um andlogo da anandamida, o 2-metil-2’-F-anandamide (Met-F-AEA), nas
concentragdes de 2,5; 5; 10 e 20 uM de Met-F-AEA. Quando avaliado o efeito deste
analogo na proliferacdo das células de cancer de mama humano, foi verificado a
diminui¢do da proliferagao desta linhagem celular, nas duas maiores concentragdes.

Cerca de sete amidas graxasdiferentes chamadas macamidas foram isoladas da
planta herbacea Maca, Lepidiummeyenii originaria do Peru, onde destaca-se a amida
graxa tetracosenoilbenzilamida. A esta amida graxa sdo atribuidas diversas atividades
biologicas, dentre elas efeitos antitumorais e antidepressivos, aumento da fertilidade
feminina em humanos ¢ em animais domésticos, apresentando também influéncia na
regulagdo hormonal, imunoestimulacdao, controle dos distarbios de memoria, € nas
desordens de origem sexual (Khan et al., 2005). Embora o exato mecanismo de agao
da Lepidiummeyenii ainda nao seja conhecido, estudos sugerem que metabolitos
secundarios encontrados em extratos desta planta sejam os responsaveis por seus efeitos
fisiologicos (macamidas e macaenos)(Khan et al., 2005).

Estudo desenvolvido porKatsifiser al. (2007), relatou o efeito das amidas graxas
benzamidas no tratamento do melanoma humano. Este trabalho evidenciou a grande
eficaicia das benzamidas como marcadores radioterapicos em pacientes que
apresentavam o melanoma cutaneo e ocular, gracas a sua elevada sensibilidade e
seletividade a melanina contida nos melandcitos, resultando assim em uma excelente
forma de deteccdo do melanoma e de suas metastases.

Os resultados obtidos através da utilizagdo de amidas graxas na inibicdo do
crescimento de processos tumorais em algumas linhagens celulares como descrito
acima, envolvem mecanismos complexos os quais podem estar vinculados a efeitos

citotoxicos, indu¢do de apoptose, efeitos anti-metastaticos seguidos pela inibicdo da
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angiogénese ¢ da invasdo de células tumorais (Bifulcoer al, 2006). Logo, as amidas
graxas mostram-se fortemente ligadas a processos intracelulares, os quais podem afetar
processos biologicos e varias vias de sinalizagdo envolvidos na patologia cancer
(Bifulco, 2009).

Dessa forma, justificamos o interesse da investigacao dos efeitos provocados pelas
amidas no processo de cancerizagdo. Sabe-se que o tipo de cancer mais freqiiente,
correspondendo a cerca de 30% de todos os tumores malignos registrados no Brasil, ¢ o
cancer da pele. O cancer da pele ¢ constituido por células da pele que sofreram uma
transformagao e multiplicacdo de maneira desordenada e anormal, originando um novo
tecido (neoplasia)(Lucciet al.,2001).

A pele pode apresentar neoplasias de diferentes linhagens celulares por ser um
orgdo heterogéneo (Gartner e Hiatt, 1997). Dentre elas as mais frequentes sdo o
carcinoma basocelular, responsavel por 70% dos diagnosticos de cancer da pele, o
carcinoma epidermoide com 25% dos casos e o melanoma, detectado em 4% dos
pacientes. Entre os tumores da pele, os tiposndo-melanomasao os de maior incidéncia e
mais baixa mortalidade (Schottenfelde Fraumeni, 1982; Rodrigues,2001).

O melanoma ¢ o tipo de cancer da pele mais agressivo, devido ao seu alto
potencial de produzir metéstases enviando células tumorais para outros 6rgaos, onde se
desenvolvem. E originado nos melandcitos, células ramificadas que estio localizadas na
camada basal da epiderme e que sdo responsaveis por sintetizar melanina, o pigmento
que dé a cor da pele (Gartner e Hiatt, 1997).

A maioria dos casos de melanomas ¢ tratada cirurgicamente quando
precocemente diagnosticados. Contudo, a mortalidade causada por esta doenga ¢
bastante elevada em pacientes diagnosticados em estagios mais avangados, mesmo apos

intervengdes terapéuticas agressivas. Logo, a identificacdo de individuos que
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apresentam uma predisposi¢ao genética a esta doenca ¢ muito importante na tentativa de
reduzir significativamente o nimero de mortes causadas pela doenga através do
diagnostico precoce e tratamento (Demenais, 1996; Costinge Hearing, 2007).

E sabido que a principal causa para o aparecimento do cancer da pele ¢ a
exposicao excessiva e/ou constante a radiagao ultravioleta (UV) (Billhimer, 1989;
Haywo00d,2006). O sol em excesso, ao longo dos anos, também pode causar
queimaduras e envelhecimento precoce da pele (Billhimer, 1989; Haywood,2006).

Baseado nestes dados ¢ pertinente estudar novos compostos que sejam capazes de
interferir nos mecanismos celulares envolvidos no desenvolvimento de processos
tumorais. Apesar dos efeitos das amidas graxas terem sido verificados em varios
modelos celulares, sdo escassos os estudos ligados ao efeito destas amidas quando
associadas as radiagdes. As radiacdes melhores estudadas quanto as suas aplicagdes nos
processos fotodindmicos sdo as radiagdes dos espectros visivel, infravermelho e
ultravioleta (Kirchoff, 1995; Chapman, 1995).

Além disso, reconhecendo a importancia dos efeitos biologicos que amidas graxas
apresentam nos mais diversos organismos, ¢ relevante a procura por novas amidas
graxas sintéticas que também apresentem atividades biologicas. E inegavel a vantagem
de estudos envolvendo os efeitos provocados por substancias sintetizadas, pois o rigor
nos processos de sintese e a purificagdo exigida no produto final, garantem a pesquisa
uma relacdo direta entre efeito/substancia sem a participacdo de compostos adicionais.

As amidas graxasricinoleilbenzilamida (RIBA) eoleilbenzilamida
(OBA)utilizadas neste estudo (Fig.1)passaram pelo processo de sintese resumidamente

descrito abaixo:

As amidas graxasoleilbenzilamida (66c¢) e ricinoleilbenzilamida (66d),obtidas a

partir da conversdo dos acidos carboxilicos oleico (62¢) e ricinoleico (62d)em ésteres
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metilicos graxos (63a-c)por esterificacido com MeOH e catdlise acida por 4 horas a
60°C. Os rendimentos variaram entre 83-94%. O ricinoleato de metila (63d), foi obtido
a partir da transesterificagdo da ricinoleina, principal constituinte do 6leo de mamona
(Ricinus comunnis)(Lakshminarayanaet al.,1984; Turner et al.,2004),utilizando NaOH
(1%) na proporcdo molar 1:6, triglicerideo:alcool sob aquecimento de 60°C por 1
hora.Todos os ésteres foram purificados por coluna cromatografica e analisados por
infravermelho.O desvio da luz polarizada do ricinoleato de metila(63d)foi medido para
determinar a pureza Optica do composto. Em seguida os ésteres metilicos graxos (63a-
d)foram submetidos a aminolise com benzilamina (64), na propor¢do molar 1:6, a
130°C por 24horas.A conversao do éster metilico em amida graxa foi acompanhada por

Cromatografia de Camada Delgada (CCD) e os rendimentos variaram entre 52-72%.

Figural: Estrutura quimica de benzilamidas graxas sintéticas, onde (A) representa

oleilbenzilamida(OBA)e (B) representaricinoleilbenzilamida (RIBA).
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63c¢ (oleilbenzilamida)63d(ricinoleibenzilamida)
Figura 2: Sintese de benzilamidas66c¢-d a partir de ésteres graxos 63a-d

A sintese das benzilamidagraxas (oleilbenzilamida e ricinoleilbenzilamida)
utilizadas nesse trabalho,foi baseada na similaridade estrutural com as benzilamidas
graxas (59-61) (Fig. 3),também chamadas de macamidas, as quais ja foram isoladas do
tubérculo vegetal Lepidiummeyenii (Gonzaleset al.,2003; Zhaoet al.,2005). A inovacao
consistiu na variagdo dos substituintes ligados ao 4atomo denitrogénio € a sua

combinagdo com as cadeias dos acidos oléico (62c¢) ericinoleico (62d).
O o] 0
©/\N I ME‘O'\@/\N )L% @f\w J’l\%
H H H
59 5 60 &1

Figura 3: Estrutura quimica das macamidas.

Se o estudo dos efeitos biologicos produzidos por amidas graxas sintéticas sao
escassos na literatura, mais raros ainda sao estudos destes efeitos quando estas amidas
sintéticas estdo associadas a radiacao. O presente trabalho tentard diminuir essa lacuna

de informagades.
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Objetivos

Objetivo geral
Avaliar os efeitos da acdo fotodinamica da amida graxa sintética oleilbenzilamida

(OBA) em células de melanoma (linhagem B16F10).

Objetivos especificos

- Avaliar a viabilidade celular da linhagem B16F10 a diferentes concentra¢des das
amidas graxas sintéticas oleilbenzilamida (OBA) e ricinoleilbenzilamida (RIBA) com o
objetivo de construir uma curva dose-resposta, assumindo qual das amidas testadas teve
maior efeito.

- Avaliar a viabilidade celular da linhagem B16F10 a diferentes concentra¢des das
amidas graxas sintéticas oleilbenzilamida (OBA) associadas a uma determinada dose de
radiacao UVB, com o objetivo de construir uma curva dose-resposta.

- Quantificar a producdo de espécies reativas de oxigénio (ROS) na linhagem B16F10
exposta a a¢ao fotodinamica de OBA + UVB.

- Avaliar a capacidade antioxidante total na linhagem celular BI6F10 exposta a agao
fotodinamica de OBA + UVB.

- Quantificar possiveis danos de DNA na linhagem B16F10 exposta a agdo
fotodinamica de OBA + UVB.

- Comparar a viabilidade das linhagens celulares B16F10 e melan-Aa acao fotodinamica

de OBA + UVB.
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ABSTRACT

Photodynamic Action (PA) is the oxidation of biological molecules in the presence of a
photosensitizer, a certain range of radiation and oxygen. Since the aromatic ring
molecular structure is well known for its capability of absorbing a certain range of
radiation, new molecules presenting such structure should be investigated for PA
applicability. Thus, some compounds, such as fatty acid amides, must be considered.
This study raises the interest concerning these compounds in several areas of
knowledge, since they have different biological effects in various organisms. Based on
these data, the possible effects of PA associated with the synthetic fatty acid amide,
oleyl benzyl amide (OBA), in melanoma cells (B16F10 cell line) were investigated.
Treatment with OBA (without irradiation) decreased cell viability and an enhanced
effect was observed in OBA treatment associated with radiation (OBA+UVB). Such
association did not evidence the involvement of oxidative stress (no significant
difference in ROS production and total antioxidant activity) in B16F10 cells. On the
other hand, the results suggested that DNA damage was the mechanism involved in cell
death. The non-tumor cell line was sensitive to OBA+UVB association althoughthe

tumor cell-line was more sensitive.

Keywords: oleyl amide benzyl (OBA), UVB radiation, photodynamic action, melanoma

cells (B16F10).
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INTRODUCTION

Biological molecules oxidation provoked by a photosensitizer, together with
wavelength (radiation) and oxygen presence is known as one mechanism of
photodynamic action (1, 2). Compounds presenting aromatic rings in their molecular
composition are considered possible photosensitizers, since this structure enables the
absorption of a specific light energy range. Fatty amides are naturally found in
microorganisms, plants, animals and human beings (3). These compounds are described
in the literature as a family of biologically active lipids involved in diverse biological
activities (4,5) and are important features for the understanding of cellular processes and
even for the discovery of new drugs (6). Various fatty acid amides, which were isolated
from human plasma (7), human breast carcinoma EFM-19 cells (8), cephalorachidian
fluid of cats (9), adipose tissue (10), brain, eye, liver, intestine and other tissues of rats
and pigs (11-15) and Streptomycesspecies (7), have been described in literature. Also,
fatty acid amides are largely found in vegetable species such as the algae
Rizocloniumhierogliphicun, in which more than eight varieties of fatty acid amides were
found (16). Thus, fatty acid amides are strongly associated with intracellular
mechanisms that may affect biological processes and several signaling pathways

involved in cancer pathology (17).

Many studies have aimed to investigate the biological activity attributed to fatty
acid amides, as the study of Katsifis et al. (18) that reported the effect of fatty acid
amide benzamide in human melanoma treatment. This study has demonstrated high
efficacy of benzamides, as markers, in radiotherapy of patients with cutaneous and
ocular melanoma, due to its high melanin sensitivity and selectivity, resulting in an

excellent way to detect melanoma and their metastases. Other activity was demonstrated
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by De Petrocellis et al. (19) who reported that the fatty acid amide anandamide caused
cell proliferation inhibition in human breast cancer (FSM-19). Anandamide also caused
the same effect in MCF-7 cells, another cell line of breast cancer. Still, Grimaldi et al.
(20), who treated the cell line MDA-MB-231 with an analog of anandamide, 2-methyl-
2'-F-anandamide (Met-F-AEA), have found cells proliferation reduction in a dose-
dependent manner. These data reinforce the relevance of studying the use ofnew
compounds which might interfere in cellular mechanismsinvolvedin tumoral processes

development.

Few data are available in literature concerningnewfatty acidamidessynthesis, and their
activities, althoughstudies involvingsynthetic substancesare relevant. The accuracy of
synthesis and purification processes ensures the relation between substance and effects
without the participation of additional compounds. Besides,the synthesis of newfatty
acidamidespresentslow cost and can be realized at any timeand

quantitydesired. Therefore, this study investigated andcompared the cytotoxic effects
oftwonewsyntheticfatty acidamides, oleyl benzyl amide(OBA) and ricinolyl benzyl
amide(RIBA), over amelanomacell line(B16F10) and studied the association between
UVB radiation and OBA, as well as searched for the possible involved cytotoxic

mechanisms.
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MATERIALS AND METHODS

Cells and culture conditions

B16F10 and melan-A cells were obtained from Poisons and Haemostasis Laboratory at
the Medical Biochemistry Department, UFRJ (Federal University of Rio de Janeiro,
Brazil). The cells were grown at 37°C in disposable plastic flasks containing DMEM
(Gibco) medium supplemented with sodium bicarbonate (0.2 g/L) (Vetec), Hepes (25
mM)(Acros), 10% fetal bovine serum (Gibco) and 1% of antibiotics (penicillin (100

U/mL), streptomycin (100 pg/mL) and antimicotic (0.25 pg/mL)(Gibco).

Synthesis of fatty acid amides

The synthesis offatty acidamideswere described byD'OcaC.etal. (21). Briefly, the
synthesis was performed from the esterification of fatty acid (oleic and ricinoleic acid)
or transesterification of triglycerides (ricinoleic acid) using the esters aminolysis as a

key step.

Treatment of cells

Synthetic fatty acid amides exposure

B16F10 cells were centrifuged and washed with phosphate buffered saline (Ca™ and
MgJr2 free) (PBS) to a final concentration of 5x10° cells/mL. The cells were treated in
DMEM medium with 10, 100 and 1000 pg/mL of synthetic fatty acid amides OBA and
RIBA dissolved in absolute ethanol (Vetec). The control group received the same
volume of absolute ethanol to achieve maximum ethanol concentration of the treated
cells (1%). After these experiments, B16F10 cells were prepared as mentioned above

and treated in media with 10, 50, 100 and 150 pg/mL of OBA.
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UVB exposure after OBA incubation

B16F10 cells were incubated for 24 hour in DMEM medium under the same OBA
concentrations reported above and irradiated with 0.33 J/cm? UVB, which is considered
an environmental dose (VL-115L, 30W; VilberLourmat, France). Thisradiation range
was chosen based on the resultsobtained byspectrophotometric analysis. The UVB
irradiance spectrum ranged from 290 to 320 nm with intensity peak of 313 nm with
0.233 mW/cm’of UVA contamination and 0,27uW/cm? PAR but no UVC
contamination. Irradiations intensity was measured using a radiometer/photometer
(model IL 1400A, International Light, MA, USA). Growth medium was replaced by

PBS during UVB exposure. Control group was only treated with UVB radiation.

Sensitivity assessment of B16F10

OBA or RIBA exposed B16F10 cells viability was assessed by 3-(4,5-dimethylthiazol-
2-y1)2,5-diphenyltetrazolium (MTT)(2) method after O h, 24 h and 48 h exposure.
Regarding the photodynamic action experiments (OBA + UVB irradiation), the viability

was also evaluated after irradiation at 0 h (immediately after irradiation), 24 h and 48h.

Assessment of oxidative effects and DNA damage

Intending to evaluate oxidative effects generation and DNA damage, the B16F10 cells
(5x10° cells/mL), after adherence period, were incubated at 37° C during 24h under four
experimental conditions: 1) control group (without OBA nor UVB), 2) OBA group
(with 10 pg/mL of OBA), 3) UVB group (0.33 J/em? UVB) and 4) OBA + UVB group

(10 pg/mL of OBA plus 0.33 J/cm®> UVB).

Assessment of intracellular Reactive Oxygen Species (ROS) formation
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B16F10 cells were washed with PBS (twice) 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 loading with H,DCF-DA, the cells were washed with
PBS twice and then suspended in fresh PBS. Aliquots of 160 ul of each sample (three
replicates) were placed into an ELISA plate and fluorescence intensity was determined,
during 90 min at 37°C, using a fluorometer (Victor 2, Perkin Elmer) with excitation and
emission wavelength of 485 and 520 nm, respectively. ROS levels were expressed in
terms of fluorescence area, after fitting fluorescence data to a second-order polynomial

and integrating between 0 and 90 min in order to obtain its area.

Antioxidant capacity against peroxyl radicals (ACAP)

The B16F10 cells were washed with PBS (twice) and frozen at -80°C until use. Each
pellet was then suspended in PBS and crushed on ice. The homogenate was centrifuged
(10,000 x g) at 4°C, for 20 min. Aliquots of 15 pul of each supernatant (three replicates)
were placed into an ELISA plate with 120ul buffer (Hepes, KCl, MgCl, and water), and
10 pl of water or 2,2"-azobis(2 metilpropionamidina) (ABAP) and 20ul of H,DCF-DA.
Fluorescence intensity was determined during 60 min at 37°C, using a fluorometer
(Victor 2, Perkin Elmer), with an excitation and emission wavelength of 485 and 520
nm, respectively. The fluorescence data was fit to a second order polynomial and
integrating between 0 and 60 min in order to obtain the fluorescence area. The
antioxidant capacity was expressed as the inverse of the fluorescence area difference

with and without ABAP (22).
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DNA damage production

DNA damage was evaluated by the alkaline single cell electrophoresis (comet) assay,
performed as described by (23,24), with some modifications. An aliquot (80 ul) of cell
suspension of each sample (5x10° cell/ml) was mixed with 60 pl of 1.2% low melting
point agarose and added to fully frozen slides that had been covered with a layer of
1.5% normal melting point agarose. Following the solidification of the new layer, cells
on the slides were lysed with (2.5 M NaOH, 0.1 M EDTA, 0.01 M Tris, 1% Triton X-
100, and 10% dimethyl sulfoxide, pH 10) at least 2 h at 4° C. Subsequently, samples
were placed in the electrophoresis solution (300 mM NaOH and 1 mM EDTA, pH 13)
for 30 min to allow DNA unwinding. Then, electrophoresis was performed for 20 min
(1 V/em and 280 mA). Finally, the slides were neutralized with 0.4 M Tris buffer (pH
7.5), fixed with ethanol, and stained with 50 pL of Sybr Safe (1:10,000; Molecular
Probes) and analyzed using afluorescence microscope (Olympus BX50) connected to a
CCD camera (Pro-Series, High Performance) and coupled to commercial software for
image acquisition. A total of 50 nuclei were randomly selected and photographed on
each slide. The nuclei were analyzed by CASP software and DNA damage was

represented by Olive tail moment (OTM) (25).

OBA+UVBassociation sensitivity comparisonformelan-Acells

Concerning this experiment, melan-A cells were exposed to 10,50,100 and 150 pg/ml of
OBA + UVB (0.33 J/cm?) and cell viability was assessed by 3-(4,5-dimethylthiazol-2-
y1)2,5-diphenyltetrazolium (MTT) method (2) after irradiation at times 0 h (immediately

after irradiation), 24 h and 48h.
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Statistical analysis

Each experiment was repeated in three independent trials, using triplicates in each trial,
for all cases. Data were expressed as mean + standard error and analyzed with one way
ANOVA followed by Tukey’s multiple range test. Significance level was fixed at p <

0.05.

RESULTS

B16F10 cells sensitivity to OBA and RIBA assessment by MTT assay

The results of the present study have shown that OBA fatty acid amide was more
cytotoxic than the RIBA fatty acid amide. Regarding OBA, the concentration of 100 pg/
mL was cytotoxic after 24 hours exposure and maintained this result in 48 hours (Figure
1A). Concerning RIBA, cytotoxicity was only observed for the concentration of 1000
ng/mkL after 24 hours exposure and only at 48 hours this effect was observed for 100
ng/ mL (Figure 1B). These results were used to determinate the choice of OBA fatty

acid amide for posterior tests.

B16F10 cells sensitivity to OBA assessment by MTT assay

Considering the lower concentrations tested, the cells presented an immediate decrease
in cellular viability for 150 pg/ mL. This effect was observed in 24 h for the
concentration of 100 pug/ mL and in 48 h to 50 pg/mL presenting a concentration and
time dependent response. The concentration of 10ug/mL did not present significant

difference in relation to control cells up to 48 h after exposition (Figure 2A).
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Cells sensitivity to OBA + UVB assessment by MTT assay

The UVB band was chosen by spectrophotometric analysis of OBA synthetic fatty acid
amide, since this band had a greater absorbance (0.151) when compared to the
absorbance obtained by UVA band (0.121) and visible light band (0.069). This
association between OBA and UVB radiation for B16F10 cell line showed a decrease in
cellular viability immediately after treatment for the 50 pg/mL concentration group and
such effect remained until 48h after exposure. This effect was concentration dependent
but time independent. The concentration of 10ug/mL showed no significant difference

when compared with control cells until 48 h of exposure (Figure 2B).

Assessment of oxidative effects

OBA fatty acid amide alone or associated with UVB did not affected ROS levels when
compared to control group although UVB radiation alone was capable to increasing

ROS production (Figure 3A). On the other hand, a significant increase in ACAP value
by OBA + UVB association was observed. However, OBA or UVB alone did not alter

the levels of ACAP when compared to control (Figure 3B).

DNA Damage

Thefatty acid amide, OBA ,alone did notcauseDNA damage. On the other hand,the UVB

radiation and OBA+UVB associationcaused DNA damage (Figure 4).

Sensitivitycomparison of OBA+UVBassociationbetween B16F10 andmelan-Acells

Although the melan-A cells were sensitive toOBA+UVB association, it was possible to
verify a lower sensibility when compared with the observed in tumor cells (B16F10) for

this same treatment.Melan-A cells viabilitydecrease was demonstratedafter 24h of
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treatment (Fig 5) whereas B16F10 cells viability decrease was observed immediately

after UVB exposure (Fig 2B).

DISCUSSION

Many studies have been realized concerning the obtainment of products from renewable
sources with possible therapeutic purposes (26,27). Such interest is reflected in our
research group, which has focused on the investigation of biological effects caused by
different synthetic fatty acid amides as pirrolidilstearyl amide (EPA), oleyl amide
pirrolidil (OPA), ricinoleilpirrolidil amide (RPA) and pirrolidilpalmitoyl amide (PPA)
in different cell lines (K562 and K562-Lucena) (27). Once the importance of fatty acid
amides biological effects, which is present in various organisms, is recognized, the
search for others synthetic fatty acid amides, also exhibiting biological activities, should
be considered. Regarding the present study, the possible effects of OBA and RIBA, two
new synthetic fatty acid amides, were investigated in a melanoma cell line in which
sensitivity to both amides was observed with increased sensitivity to OBA synthetic
fatty acid amide. This sensitivity was demonstrated by decreased cell viability in a time

and concentration dependent manner.

Studies involving synthetic fatty acid amides are still scarce, as previously
mentioned, and even scarcer are the studies associating these synthetic amides with
radiation. Several authors have evidenced the effects caused by the association of
biological compounds, presenting aromatic rings in its structure, and radiation, a
process known as photodynamic action (2, 28). Within this context, the synthetic fatty
acid amide OBA, which presents theafore mentioned chemical structure, has stimulated
the study of tumor cells (B16F10) exposure, considering its isolated effect as well as its

associated effect with UVB. Concerning the results exhibited on Figure 2A, it was
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possible to verify that the cells were sensitive to OBA treatment. Similar results were
demonstrated by De Petrocellis et al. (19). These authors have shown that
anandamidefatty acid amide caused cellular proliferation inhibition of human breast
cancer cells (FSM-19) with maximum inhibition of 92% in 10 mM, 48 hours after
treatment, in a dose-dependent manner. Anandamide caused the same effect on MCF-7
cells, another breast cancer cell line, with maximum inhibition of 83%, for the
concentration of 5 mM, after 72 hours of treatment. The same results were observed by
Grimaldi et al. (20) after treating the cell line MDA-MB-231 with an analog of
anandamide, 2-methyl-2'-F-anandamide (F-Met-EEA), at concentrations of 2.5, 5, 10

and 20 mM Met-F -AEA.

Comparing the figures 2A and 2B, a significant decrease in cell viability can be
observed, in cells treated with OBA + UVB association, after cells exposure to

photodynamic action mechanism.

In this context one question arises: which is the decreased viability mechanism

used by OBA synthetic fatty acid amide + UVB association?

Given that the oxidative stress produced by an imbalance, between antioxidant
defenses and reactive oxygen species production (29,30) is able to induce cell death
(30), the present work has examined the ability of the OBA + UVB association to
induce oxidative stress in B16F10 cell line. However, the results demonstrated that the
antioxidant system was stimulated and it was able to neutralize the reactive oxygen
species produced by OBA + UVB association. This fact suggests a protective effect of
OBA fatty acid amide once the cells treated only with UVB have shown an increase in
the production of these species when compared with control and the other treatments.

Sandrini et al. (31) also demonstrated, after analyzing gene expression from DNA repair
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271  system of zebrafish (Daniorerio) hepatocytes, that UVB radiation can provoke DNA

272  damage by oxidative stress.

273 As stated previously, the antioxidant capacity was significantly increased only in
274  OBA + UVB association. This fact suggests that such association was sufficient to

275 neutralize the reactive oxygen species production. This result opposed to that obtained
276 by MacCarron et al. (32), who described the antioxidant capacity of endogenous fatty
277  acid amide 2-AG alone, and also contradicts Domingues (27), who have demonstrated
278  an antioxidant capacity for PPA fatty acid amide in leukemic MDR (multiple drug

279  resistant) and non-MDR (K562-Lucena and K562) cell lines.

280 After eliminating the involving oxidative stress such as the mechanism

281  responsible for the decrease in cell viability, in combination OBA + UVB was relevant
282  to investigate the role of DNA damage under these conditions. Figure 4 shows that the
283  UVB and OBA+UVB treated cells showed significant DNA damage when compared
284  with control cells and cells treated only OBA. The UVB result was the expected since
285  DNA is known as the primary target of UVB radiation in the cells (33). In relation to
286  OBA, the result of this study was opposed to obtained by Domingues (27), but

287  supported by Contassot et al. (34) that showed that endogenous fatty acid amides caused
288  DNA fragmentation. Furthermore, Hsu et al. (35) have shown that fatty acid amide

289  endogenous anandamide reduced the viability of a cell line of human osteosarcoma cells
290 (MG63) in a dose dependent manner by DNA fragmentation. Although the

291  treatmentswithUVB andOBA-+UVBshowed damageDNA, the Figure 4showedthat the
292  damages wereof the UVB responsibility, since there is nosignificant difference between

293  thesetreatments.

32



294

295

296

297

298

299

300

301
302
303

304

305

306

307
308
309
310
311
312
313
314
315
316
317
318
319
320
321

Since in vitro studies are a major step in the search for alternative treatment of
cancer, it is important to evaluate the sensitivity of a cell line to non-tumor associated
OBA + UVB and compared with a tumor cell line under the same conditions. Therefore,
the lower sensitivity of Melan-A cell line as compared with the melanoma cell line,
stimulates additional studies based on these findings and work suggests the use of

synthetic amides of fatty acids associated with the radiation as therapeutic tools.
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FIGURE LEGENDS

Figure 1. Optical density of B16F10 cells exposed to different concentrations (10, 100
or 1000 pg/mL) of oleyl benzyl amide - OBA (A) and ricinolyl benzyl amide - RIBA
(B) by the MTT assay, immediately (0 h), 24 h and 48 h after exposure to fatty acid
amides. Data are expressed as mean + 1 standard error. * - indicates significant

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

Figure 2. Optical density of B16F10 cells exposed to different concentrations (10, 50,
100 or 150 pg/mL) of oleyl benzyl amide - OBA (A) and exposed to different
concentrations (10, 50, 100 or 150 pg/mL) of OBA associated with 0.33 J/cm? of UVB -
OBA + UVB (B) by the MTT assay, immediately (0), 24 h and 48h after each treatment.
Data are expressed as mean =+ 1 standard error. * - indicates significant difference from

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

Figure 3. Reactive oxygen species (ROS) production (A) and antioxidant capacity
against peroxil radicals (ACAP) (B) in BI6F10 cells exposed to oleyl benzyl amide
(OBA; 10 pg/ml for 24 h), or UVB (irradiated with 0,33 J/cm?) or co exposed to OBA +
UVB compared to control cells. Data are expressed as mean + 1 standard error. Similar

letters indicate absence of significant differences (p>0.05).

Figure 4.Quantification of DNA damage expressed by Olive tail moment (OTM) values
in B16F10 cells exposed to oleyl benzyl amide (OBA; 10 pg/ml for 24 h), or UVB
(irradiated with 0.33 J/cm?) or coexposed to OBA + UVB compared to control cells.
Data are expressed as mean = 1 standard error. Similar letters indicate absence of

significant differences (p>0.05).
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Figure 5. Optical density of melan-A cells by the MTT assay, exposed to different
concentrations (10, 50, 100 or 150 pg/mL) of oleyl benzyl amide for 24 h and irradiated
with 0.33 J/em? UVB (OBA + UVB), immediately (0 h), 24 h and 48 h after the
treatment. Data are expressed as mean + 1 standard error. * - indicates significant

difference from the respective control at each exposure time (p<0.05).
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Figure 2
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Figure 3
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CONCLUSAO GERAL

-A amida graxa sintética OBA foi mais citotoxica que a amida graxa sintética RIBA na
linhagem celular BI6F10. Por esse motivo tal amida foi escolhida para os testes

posteriores.

- A amida graxa sintética OBA mostrou uma diminui¢do no nimero de células vidveis

dependente da concentracdo e do tempo.

- A associagdo entre a amida graxa sintética OBA e a radiagdo UVB (OBA+UVB) para
a linhagem de células BI6F10 mostrou uma diminui¢d@o no niimero de células vidveisde

maneira dependente da concentrag¢do, mas independente do tempo.

- Os resultados obtidos para produ¢ao de ROS e ACAP demonstram uma capacidade

antioxidante da associagdo OBA+UVB, sugerindo que o estresse oxidativo ndo esta

envolvido na citoxicidade da amida graxa sintética utilizada.

- Os danos ao DNA foram provocados pela associacdo da amida graxa sintética OBA e

a radiacdo UVB (OBA+UVB).

- As células melan-A apresentaram uma menor sensibilidade quando expostas a

associacdo OBA+UVB do que a observada para as células tumorais (B16F10).
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