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“A vida sem ciéncia é uma espécie de morte.”
Socrates
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Resumo Geral

Este trabalho investigou os efeitos agudos da nifedipina, um farmaco bloqueador
de canal de célcio utilizado como anti-hipertensivo, e seu hibrido graxo, a 3,5-
dipalmitoil-nifedipina, formada de duas cadeias de &cido palmitico ligadas as
extremidades da nifedipina. Sua acdo foi estudada durante a inducdo da condicéo de
isquemia e reperfusdo em células cardiacas da linhagem H9c2 (cardioblastos) e
comparada aos efeitos do endocanabinoide anandamida. As células foram mantidas em
meio DMEM suplementado com soro fetal de bovino (10%), e antibidtico e
antimicético (1%). As concentracdes utilizadas dos farmacos foram de 10 e 100uM.
Avaliou-se a viabilidade celular utilizando o ensaio colorimétrico de MTT, a inducdo de
apoptose e necrose por microscopia de fluorescéncia e a geracdo de espécies reativas de
oxigénio por fluorimetria. Cardioblastos (1x10° células/mL) receberam as drogas
previamente a inducdo de hipoxia em placas de 24 ou 96 pogos (conforme o ensaio a ser
realizado) permanecendo em tratamento por 30 minutos, tempo da hipdxia. Os grupos
experimentais foram: controle (cardioblastos meio de cultura DMEM), H/R
(cardioblastos em meio de cultura DMEM + inducdo da hipdxia e reoxigenacédo - H/R),
jejum (cardioblastos em PBS), jejum + H/R (cardioblastos em PBS + inducdo da
hipoxia e reoxigenacdo), jejum + veiculo (cardioblastos em PBS + 10% do veiculo dos
farmacos - DMSO), jejum + H/R + veiculo (cardioblastos em PBS + 10% DMSO +
inducdo da hipoxia e reoxigenacdo), anandamida (cardioblastos em jejum PBS + AEA
10 ou 100 pM), anandamida + H/R (cardioblastos em jejum PBS + AEA 10 ou 100 uM
+ inducdo da hipdxia e reoxigenacdo), nifedipina (cardioblastos em jejum PBS + NIF 10
ou 100 uM), nifedipina + H/R (cardioblastos em jejum PBS + NIF 10 ou 100 uM NIF +
inducdo da hipoxia e reoxigenacao), 3,5- dipalmitoil-nifedipina (cardioblastos em jejum
PBS + DPN 10 ou 100 uM DPN) e 3,5- dipalmitoil-nifedipina (cardioblastos em jejum
PBS + DPN 10 ou 100 pM DPN + inducdo da hipOxia e reoxigenacdo). Todas
moléculas testadas reduziram o estresse oxidativo quando comparadas ao grupo veiculo.
A viabilidade celular observada apds ao processo de isquemia e reperfusdo, aumentou
qguando as células eram tratadas com anandamida em ambas as doses e com a 3,5-
dipalmitoil-nifedipina na concentracdo de 100 uM. Demonstrou-se por tanto, que o
processo hibridizacdo de duas cadeias de acido palmitico a uma molécula de nifedipina
atribuiu um maior efeito cardioprotetor & molécula, reduzindo os danos provocados pela

isquemia e reperfusdo em cultura de cardioblastos.



Introducéo Geral

A doenca cardiovascular pode ser definida como qualquer afec¢cdo que dificulte
ou impeca a boa circulacdo sanguinea no organismo. As doencas cardiovasculares sdo
as lideres de morte no mundo o que demonstra que o0 seu conhecimento sobre formas de
prevencdo e de atenuagdo ainda € limitado (WHO, 2011). Embora tenha havido
inimeros avancos no cuidado de doencas cardiacas ao longo dos ultimos 20 anos, as
taxas de hospitalizacdo e mortalidade permanecem elevadas (Go et al., 2013). Os
habitos da sociedade nos dias de hoje, como a méa alimentacao, sedentarismo, estresse e
uso em excesso de substancias toxicas como tabaco e alcool, conduzem aos indices

crescentes de patologias no aparelho cardiovascular (Lim et al., 2012).

Uma das doencas cardiacas em destaque € a hipertensao arterial, que é um fator
correlacionado com a alta incidéncia de mortalidade em todo o mundo (Lim et al.,
2012), e é responsavel por mais da metade de todos os acidentes vasculares cerebrais e
doencas cardiacas, como o infarto do miocardio (WHO, 2010). Existem ainda previsdes
de que um terco dos adultos em todo 0 mundo tera hipertensao até 2025 (Kearney et al.,
2005), o que pode agravar a situacdo. Com o aumento da idade, o nimero de
hipertensos aumenta, e isto é reflexo de fatores ambientais e de estilo de vida, bem
como alteracdes hemodinamicas causadas pela rigidez da vasculatura arterial,

especialmente na aorta (Kearney et al.,2005).

Embora muitas abordagens farmacologicas ja existam, o desenvolvimento de
novas estratégias para tratar a hipertensdo e proteger o coracdo, ou ainda atenuar ou
prevenir os danos causados por isquemia e reperfusdo (I/R) durante o infarto agudo do
miocardio continua necessario. O dano miocardico p6s isquemia e reperfusdo € a
principal causa de morbidade e mortalidade do mundo (Lloyd-Jones et al., 2010;
Hausenloy & Yellon 2013). Os pacientes hipertensos sdo os mais acometidos pela I/R
(Lim et al., 2012), por isso a importancia dos estudos que buscam um medicamento que
atenue a pressao arterial a0 mesmo tempo que seja capaz de prevenir ou mitigar 0s

danos da I/R miocardica.

A isquemia ocorre quando o fluxo arterial € insuficiente para manter as fungdes
normais de um orgdo ou tecido. A isquemia pode ser total quando o fluxo arterial for
insuficiente para manter a vida celular ou tecidual, ou parcial, que mantém a viabilidade

celular (D’Alecy & Zelenock, 1990). A reperfusdo ocorre quando o tecido ou o6rgéao



isquémico volta a receber o aporte de sangue em condigdes normais. Esse processo ativa
mondcitos, macrofagos e neutréfilos levando a um aumento da producéo e liberacéo de
espécies reativas do oxigénio (Evora, 1996). O nivel de lesdo do miocérdio induzida por
I/R pode variar desde um pequeno insulto resultando em nenhum dano permanente, até
uma grave lesdo culminando em disfuncéo elétrica cardiaca e morte celular. De fato,
uma grande lesdo de I/R para o coragdo pode resultar na incapacidade permanente ou na

morte do paciente acometido.

Dependendo da duragdo da isquemia, trés niveis de leséo cardiaca induzida por
I/R s&o descritas por Powers (2007; 2008). O menor nivel de lesdo ocorre quando o
periodo isquémico tem a duracdo menor que 5 minutos, estando este nivel de leséo
associado a arritmias cardiacas; o segundo nivel de lesdo cardiaca induzida por I/R
ocorre quando o periodo isquémico se estende de 5 a 20 minutos, neste nivel ocorre
paralisia do miocérdio (stunning cardiaco), déficit na contratibilidade e ainda pode
ocorrer morte celular; o terceiro nivel é alcangado quando o periodo isquémico é
superior a 20 minutos, levando a morte celular por necrose ou apoptose além de danos

mitocondriais (Figura 1).
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FIGURAL. Desenho esquematico dos trés niveis de leséo miocardica

decorrentes de isquemia e reperfusdo (adaptado de Powers et al., 2007).

Durante a I/R no miocardio, um dos principais problemas associados as doencas
cardiovasculares (Powers, et al., 2008), ocorrem perturbacdes ibnicas, aumentando o

estresse oxidativo, o que acaba gerando morte celular e necrose do tecido (Figura 2).
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FIGURAZ2. Alteracdes de ions e moléculas durante a I/R (adaptado de
Power, 2008).

A hipoxia, uma condicao de diminuicdo dos niveis de oxigénio, induz danos aos
cardiomidcitos que podem levar a apoptose (Jiang et al.,2011). A apoptose pode ser
causada pela perda da fosforilagdo oxidativa e bloqueio da atividade da ATPase,
perturbando a homeostase ibnica da célula, aumentando a quantidade de calcio
citoplasmatico e ativando enzimas autoliticas como proteases, endonucleases e

fosfolipases, danificando completamente a célula (Guyton, 1988).

Evidéncias indicam que vérios fatores inter-relacionados, como a diminuicéo
dos niveis de ATP celular, a producdo de espécies reativas de oxigénio (ERO), o
acumulo de ions hidrogénio e a geracdo de espécies reativas de nitrogénio (ERN)
contribuem para os danos causados pela I/R (Powers et al., 2008), sendo o estresse
oxidativo a principal causa de morte celular durante o processo de I/R (Wen, 2013). O
estresse oxidativo é o desbalanco entre a concentracdo de ERO e a producédo de defesas
antioxidantes, que leva a um dano no organismo, por exemplo, 0 aumento da taxa de
producdo de superdxido e geracao de perdxido de hidrogénio (Droge, 2002), ativando
assim mecanismos de defesa antioxidantes. As ERO ainda podem comprometer o
funcionamento de proteinas cardiacas como: canais i0nicos, bombas de calcio e
proteinas contrateis envolvidas no mecanismo de excitacdo da contracdo do coragdo
(Misra, 2009). Deste modo, terapias com moléculas antioxidantes que regulem tais

canais idnicos se tornam alvos importantes de estudo a fim de mitigar os efeitos da I/R.

Durante a reperfusdo, a restauracdo do fluxo sanguineo e do suprimento de

oxigénio desencadeia um aumento na geracdo de ERO, que pode induzir respostas



apoptoticas e/ou necroticas nas células atingidas (Van Golen, 2012). Durante a
reoxigenacao que simula entdo a reperfusdo in vitro, as células ativam uma ampla gama
de cascatas de reacGes enzimaticas, resultando em estimulos pro-apoptéticos e
necroticos (Bond & Greenfield, 2007). As trocas de ions e a estrutura das membranas
também sdo alteradas, devido ao aumento de ERO (Dringen, 2005). O efeito destes
processos &, entre outros, um aumento da permeabilidade de Ca®”, e consequentemente

0 aumento dos niveis intracelulares de calcio.

Dentre as abordagens farmacoldgicas para o tratamento da hipertensdo encontra-
se a nifedipina (NIF) (Figura 3) um farmaco pertencente a familia das hidropiridinas,
caracterizado por apresentar acdo bloqueadora do canal de célcio, sendo um potente
vasodilatador utilizado, como anti-hipertensivo (Charlton & Thampson, 2015). A NIF
também é eficaz na inibicdo da ativacdo do fator de necrose tumoral kapa beta (NFkB) e
contribui assim para a diminuir a inflamacéo, além de um aumento da funcdo endotelial
na circulagdo coronariana (Takase, 2005). A NIF exerce seu efeito clinico devido ao
relaxamento do musculo liso dos vasos, levando a reducdo da resisténcia vascular
periférica e melhorando a perfusdo coronariana. Ela também exerce efeito inotrépico
negativo sobre o tecido cardiaco ainda que atenuado pelo aumento do reflexo na
frequéncia cardiaca em resposta a vasodilatacdo (McDonald, 1994). A NIF é indicada
para o tratamento da hipertensdo além do tratamento da angina e desordens na

circulacdo periférica.

Ar= 2-NO,-Ph
FIGURA 3. Estrutura molecular da Nifedipina.

O maior uso da NIF é para o tratamento da hipertensdo, reduzindo a pressao
sanguinea e aumentando o fluxo sanguineo coronariano, através da inibicdo especifica
da entrada de calcio (Ca2") por meio de canais do tipo L, em células do musculo liso

(Saida & Van Breemen, 1983). A NIF exerce efeitos em células endoteliais cultivadas,
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no entanto estas células ndo expressam canais de célcio tipo L (Fukuo, 2002),

demonstrando que os efeitos da NIF ndo s&o restritos a esses canais.

A NIF mostrou também promover a re-endotelizacdo apds a lesdo vascular,
sendo cogitada para a protecdo contra a aterosclerose através da inibicdo de apoptose
das celulas endoteliais e supressdo de inflamacdo vascular, efeitos atribuidos as
propriedades antioxidantes da droga (Fukuo, 2002; Sugano, 2002). No entanto, se sabe
pouco ainda sobre os possiveis efeitos da nifedipina sobre o miocardio, mas um dos

efeitos colaterais conhecidos é a taquicardia (Liang, 2002).

Pensando em novos tratamentos antioxidantes para I/R com base no historico de
uso de canabindides exogenos, como por exemplo o A’-tetrahidrocanabinol, surgiram
estudos que evidenciaram os potenciais beneficios clinicos, como o efeito antioxidante e
anti-inflamatorio, para diversas doencas entre elas I/R (Pertwee, 2006; Karsak et al.,
2007). A presenca de receptores canabinoOides levou a descoberta de substancias
produzidas endogenamente, denominadas endocanabindides que sdo amidas graxas,
como por exemplo, a anandamida (ou araquidonoiletanolamida) (AEA) (Figura 4)
(Pertwee et al., 2010). Em um modelo de isquemia/reperfusdo em ratos, a AEA
diminuiu a incidéncia de arritmias ventriculares e reduziu o tamanho do enfarto, atraves

da ativacdo de receptores CB2 (Krylatov et al., 2001).

O
T _\ﬂs)km/\/OH

FIGURA 4. Estrutura molecular da Anandamida.

Os receptores CB1 estdo localizados no cérebro, no coracdo e na vasculatura
(Pertwee et al., 2010; Bonz et al.,, 2003). J& os receptores CB2, sdo expressos
principalmente no sistema imunoldgico, mas recentemente a sua presenca no cérebro,
miocardio e nas células musculares, também tem sido demonstrada (Pertwee et al.,
2010). Nos ultimos anos, a extensa pesquisa enfocando as ac¢bes bioldgicas dos
endocanabinoides indicou que estes tém papéis importantes regulando vérias condigdes
fisioldgicas e patoldgicas (Pertwee et al., 2010). Um estudo farmacolégico com modelo
de isquemia em coragOes isolados de ratos identificou efeitos cardioprotetores dos
ligantes do receptor CB2 (Lepicier, 2003), além disso, foi identificado tambem efeitos

benéficos, atenuando o estresse oxidativo no tecido cardiaco de ratos submetidos I/R em
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comparagdo com ratos também submetidos a I/R que ndo expressavam receptores CB2
(Wang, 2012).

A literatura tem demonstrado a relagdo entre receptores canabinoides e estresse
oxidativo, confirmando a acdo antioxidante dos ligantes destes receptores em linhagens
celulares de tumor pancreatico humano (Carracedo, 2006). Mas o efeito antioxidante
ndo esta somente na ligagdo dos endocanabionoides com seus receptores segundo
Garcia (2007), estes ligantes possuem atividade antioxidante, independentemente da
ativacdo dos receptores CB1 / CB2, resposta observada pelo tratamento com

endocanabinoides em células neuronais que ndo expressam esses receptores.

Alguns estudos demonstram que os endocanabindides tém importante papel
modulador sobre a funcdo do sistema cardiovascular sob vérias condi¢des patologicas,
tais como a hipertensdo, infarto do miocéardio e insuficiéncia cardiaca (Batkai & Pacher
2009; Montecucco & Di Marzo, 2012). Experimentos com o0 endocanabindide
anandamida, realizado em preparacdes de Langendorff com coragdes de ratos
(Ugdyzhekova 2002) tém revelado um efeito inotrdpico negativo que pode ser a base da
sua capacidade de diminuir o débito cardiaco como observado em estudos realizados in
vivo em ratos (Wagner, 2001). Além disso, a AEA mostrou efeitos antiarritmicos in vivo

em miocérdio ratos (Krylatov et al., 2002; Ugdyzhekova, 2001).

Entre as moléculas graxas que também podem exercer efeitos importantes sobre

0 organismo, além da AEA, esta o &cido palmitico (Figura 5).

O

/\/\/\/\/\/\/\)J\OH

FIGURA 5. Estrutura molecular do acido palmitico.

E universalmente reconhecido que a qualidade e quantidade de gorduras na dieta
podem contribuir para o aparecimento e progressao de muitas doencgas crénicas que
impactam a salde humana. Os niveis excessivos de acidos graxos saturados ou um
desequilibrio entre os niveis gorduras saturadas e gorduras insaturadas tém sido
implicados em doencas como: diabetes, obesidade, aterosclerose e doencas
cardiovasculares (Hooper, 2011). Os &cidos graxos sao capazes de modular as vias
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moleculares envolvidas na apoptose, estando o &cido palmitico, por exemplo, implicado
na inducdo de apoptose em diferentes tipos celulares, incluindo cardiomiocitos
neonatais (Cetrullo, 2012).

O processo de unir moléculas a amidas graxas demonstrou uma essencial
importancia para a atividade bioldgica, provavelmente por facilitar a permeabilidade nas
células dessas novas moléculas (D’Oca et al., 2010; Rodrigues, 2013). Novas drogas
com moléculas hibridas que atenuem o influxo de Ca®* e o estresse oxidativo tem sido
propostas atualmente na literatura, com isso modificagdes ou hibridizacdo com a
molécula nifedipina tem sido propostas (Tenti 2014) como: uma dihidropiridina com os
meta-hidroxil substituidos 3-aril para aumentar a afinidade da molécula com receptor
de canais de célcio do tipo L (Galvis-Pareja, 2014); com a decomposicdo a Nifedipina
se forma uma nitrosonifedipine o que aumenta seu efeito antioxidante mas que ndo atua

como anti-hipertensivo (Horinouchi, 2011).

Para este trabalho foi sintetizada uma molécula hibrida inédita a partir da juncéo
de duas moléculas de &cido palmitico em cada extremidade da molécula de nifedipina,
afim de conferir a essa molécula propriedades que auxiliem na mitigacdo de danos
causados pela I/R. Esta molécula foi denominada de 3,5-dipalmitoil-nifedipina
(dihexadecyl 2,6-dimethyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate)
(DPN) (Figura 6).

O Ar O
O | | O
k
Ar= 2-NO,-Ph

FIGURA 6. Estrutura molecular 3,5-dipalmitoil-nifedipina.

Essa molécula hibrida, 3,5-dipalmitoyl-nifedipine, foi sintetizada com o objetivo
de agregar propriedades antioxidantes a molécula da nifedipina, a semelhanca dos
efeitos classicos de moléculas graxas como a anandamida, ou potencializar efeitos ja

conhecidos.

Alguns estudos indicam um papel cardioprotetor de ligantes dos receptores CB2

apos o infarto do miocardio (Wang, 2012; Montecucco, 2009), contudo a intervencao na
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fase pré-isquémica tambem poderia revelar-se extremamente Gtil para os pacientes e

assim prevenir/atenuar os efeitos do infarto do miocéardio (Heusch, 2013).

Sabendo que o processo de isquemia do miocardio € um problema mundial de
salde este trabalho investigou os efeitos agudos do bloqueador de canal de caélcio
nifedipina e seu hibrido graxo, a 3,5-dipalmitoil-nifedipina, durante o processo de
inducdo de hipdxia e reoxigenacdo em células cardiacas da linhagem H9c2

(cardioblastos).
OBJETIVOS
Objetivo Geral

O objetivo deste trabalho é avaliar o efeito agudo do bloqueador de canal de
calcio nifedipina (NIF) e seu hibrido graxo, a 3,5-dipalmitoil-nifedipina (DPN), durante
a inducdo da condicdo isquemia e reperfusdo em células cardiacas da linhagem H9c2

(cardioblastos) e comparar com o efeito da anandamida (AEA).
Objetivos especificos

Quantificar os niveis de espécies reativas de oxigénio ap6s a inducdo da
condicdo de isquemia e reperfusdo em células cardiacas da linhagem H9c2, tratadas
com NIF, DPN e AEA durante a hipdxia.

Avaliar a viabilidade celular apds a inducdo da condicdo de isquemia e
reperfusdo em células cardiacas da linhagem H9c2, tratadas com NIF, DPN e AEA

durante a hipdxia.

Verificar a inducdo de apoptose ou necrose ap6s a inducdo da condicdo de
isquemia e reperfusdo em células cardiacas da linhagem H9c2, tratadas com NIF, DPN

e AEA durante a hipdxia.
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Metodologia Geral
Manutencéo das células

A linhagem de cardioblastos de embrides de Rattus norvegicus H9c2 foi obtida
junto ao Banco de Células do Rio de Janeiro e mantida em garrafas de cultura a 37°C,
em meio DMEM suplementado com bicarbonato de sédio (1,5 g/L), L-glutamina (4
mM), Hepes (25 mM), 4,5 g/L de glicose,1% de antibiotico (penicilina 100 U/ml e
estreptomicinal00 pg/ml) e antimicético (anfotericina0,25 pg/ml) com adi¢do de 10%
de soro fetal bovino. As células eram mantidas de maneira que a confluéncia ndo

ultrapassasse 80%.
Sintese da 3,5-dipalmitoil-Nifedipina

A um baldo de fundo redondo equipado com uma barra de agitacdo e
condensador de refluxo magnético foram adicionados o S-cetoéster palmitico (2mmol),
2-nitro-benzaldeido (1 mmol), acetato de aménio (3 mmol), metanol (5 mL) e &cido
sulfamico (30% molar) como catalisador. A mistura foi submetida a refluxo por 24 h.
Depois, 0 produto bruto foi arrefecido até a temperatura ambiente, concentrou-se in
vacuo e purificou-se por cromatografia em coluna em hexano: acetato de etila (80:20

v/v), ficando o produto com um aspecto de uma pasta sélida amarela.

Delineamento Experimental

As células H9c2 (1x10° células/ml) foram tratadas em placas de 24 ou 96 pocos
(conforme o ensaio a ser realizado) com meio de cultura DMEM, & 37°C por 24h para
aderéncia. As moléculas foram testadas nas concentracfes de 10 e 100 uM e colocadas
imediatamente antes da hipdxia e permaneceram por 30 minutos, tempo de duracdo da

hipdxia. Os grupos experimentais foram divididos como representado na tabela 1.
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Tabela 1. Grupos experimentais do estudo.

Grupos__________________|weo e ___Jowso ____[WR_____

Controle X

H/R X X
Jejum X

Jejum + H/R X X
Jejum X X

Jejum + H/R X X X
Anandamida X X

Anandamida + H/R X X X
Nifedipina X X

Nifedipina + H/R X X X
3,5- dipalmitoil-nifedipina X X

3,5- dipalmitoil-nifedipina + H/R X X X

Tabela 1. Grupos experimentais do estudo. Controle (cardioblastos meio de cultura
DMEM), H/R (cardioblastos em meio de cultura DMEM + inducdo da hipdxia e
reoxigenacdo - H/R), jejum (cardioblastos em PBS), jejum + H/R (cardioblastos em
PBS + inducdo da hipdxia e reoxigenacao), jejum + veiculo (cardioblastos em PBS +
1% do veiculo dos farmacos - DMSO), jejum + H/R + veiculo (cardioblastos em PBS +
1% DMSO + inducdo da hipoxia e reoxigenacao), anandamida (cardioblastos em jejum
PBS + AEA 10 ou 100 pM), anandamida + H/R (cardioblastos em jejum PBS + AEA
10 ou 100 uM + inducdo da hipdxia e reoxigenacdo), nifedipina (cardioblastos em
jejum PBS + NIF 10 ou 100 uM), nifedipina + H/R (cardioblastos em jejum PBS + NIF
10 ou 100 pM NIF + inducdo da hipdxia e reoxigenacdo), 3,5- dipalmitoil-nifedipina
(cardioblastos em jejum PBS + DPN 10 ou 100 uM DPN) e 3,5- dipalmitoil-nifedipina
(cardioblastos em jejum PBS + DPN 10 ou 100 uM DPN + inducdo da hipdxia e

reoxigenacao).

Inducéo da hipoxia e reoxigenacéo (H/R)

As condicdes de hipoxia foram obtidas substituindo-se o meio de cultura pelo
meio experimental constituido de tampéo PBS (pH 6,8 a 37°C) e incubando-se as placas
em uma camara de hipdxia com passagem de nitrogénio acoplada a uma bomba de

vacuo a fim de diminuir a press@o de oxigénio (Figura.7). Apos 30 minutos de hipoxia o
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PBS foi substituido por meio de cultura DMEM e as condi¢cdes de normoxia
(reoxigenacdo) restabelecidas, submetendo-se as placas ao periodo de reoxigenagdo por
mais 30 minutos. Os grupos controles a condicdo de H/R tiveram suas placas mantidas
em estufa (37°C com 5% de CO? pelo tempo total do experimento, 1h). Cada
experimento foi repetido com todos os tratamentos trés vezes independentemente com
no minimo as amostras em triplicata. Ao final do periodo de reoxigenagdo as células

foram preparadas para as analises a seguir.

FIGURA 7. Desenho esquematico do aparato para induc¢do de H/R para cultura de
células. 1-bomba de vacuo; 2- cuba de banho-maria a 37 °C; 3- placa de células; 4-

termbmetro; 5- cilindro de nitrogénio.
Viabilidade celular

As células H9c2 (1x10° células/mL) foram incubadas em meio DMEM & 37°C
em placas de 96 pocos por 24h para aderéncia. A viabilidade celular das células tratadas
com AEA, Nifedipina, 3,5-dipalmitoil-Nifedipina e seus controles (n= 21), foi avaliada
logo apos a HR pelo método de MTT (3-4,5-dimetiltiazol-2-il,2,5-difeniltetrazélio).
Resumidamente, as celulas foram lavadas com PBS e adicionado meio com 10% de
MTT e incubadas por 3 horas a 37°C. Apds o meio foi removido e os cristais de
formazan foram dissolvidos em 200 pl de dimetilsulfoxido (DMSO) e realizada a leitura
imediatamente em absorbancia de 490 nm, em espectrofotdbmetro com leitora de placas
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(800 ELX Universal Microplacas Reader, Bio-TEK). Os valores foram expressos em

valores arbitrarios.
Analise de apoptose e necrose

A avaliagdo de apoptose e necrose foi realizada de acordo com Ribble (2005)
modificado. As células H9c2 (1x10° células/mL) foram incubadas em meio DMEM &
37°C em placas de 96 pocos por 24h para aderéncia. Para realizar a analise de apoptose
e necrose as células foram tratadas com AEA, Nifedipina, 3,5-dipalmitoil-Nifedipina e
seus controles (n= 15), e logo ap6s a reoxigenacdo foi adicionada 2 pl de solucéo de
trabalho composta por PBS, com 100 pg/mL de laranja de acridina e 100 pg/ml de
brometo de etidio nas células. A analise foi realizada a partir das imagens capturadas de
cada poco da placa (20X) em microscépio de epifluorescéncia (Olympus 1X81). As
células foram analisadas utilizando-se o Programa Image J, e os dados foram expressos
em numero de células contadas e pela percentagem de células viaveis, em apoptose ou
necrose, em relacdo ao nimero total de células em cada poco. As ceélulas foram
classificadas como se segue: células marcadas em tons de amarelo-laranja no citoplasma
e ndcleo com fluorescéncia verde foram consideradas como vidveis; células com ndcleo
laranja e apresentando cromatina fragmentada foram consideradas apoptdéticas; as
células com nacleo manchado de laranja uniformemente foram consideradas

necrosadas.
Determinacdo da geracao de espécies reativas de oxigénio (ERO) intracelular

As células H9c2 (1x10° células/mL) foram incubadas em meio DMEM & 37°C
em placas de 24 pogos por 24h para aderéncia. Ap6s a reoxigenacao as células foram
ressuspensas com o uso de tripsina, transferidas para eppendorfs, e incubadas a 37°C
por 30 minutos em PBS com diacetato de 2’,7’diclorofluoresceina (H,DCF-DA) na
concentragdo final de 40 puM. Apos incubacdo com H,DCF-DA, as células foram
lavadas com PBS. Ap6s foram retiradas aliquotas de 160 puL de cada amostra, dispostas
em triplicata em uma placa de 96 pocos e a intensidade da fluorescéncia foi determinada
durante 90 minutos a 37°C em fluorimetro Victor 2 (PerkinEImer) com comprimentos
de onda de excitagdo de 485 nm e emissdao em 520 nm. Niveis de ERO foram expressos

unidades de fluorescéncia.

Andlise estatistica
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Cada experiéncia foi repetida em trés vezes independentes com no minimo as
amostras em triplicata. Os resultados foram expressos como a média + SE. Os
pressupostos de Normalidade (teste de Kolmogorov-Smirnof) e homocedasticidade de
variancias (teste de Levene) foram testados. Analise de variancia de uma via (ANOVA)
foi utilizada para determinar as diferencas significativas entre os grupos, seguida pelo
teste a posteriori de Tukey HSD. O nivel de significancia estatistica foi determinado em
5%.
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Abstract

Knowing that the process of myocardial ischemia is a global health problem this
study investigated, for the first time, the acute effects of the calcium channel blocker
nifedipine and its new fatty hybrid with palmitic acid, the 3,5-dipalmitoyl-nifedipine,
comparing to the endocannabinoid anandamide, during the process of induction of
ischemia and reperfusion in H9c2 heart cells of the strain (cardiomyoblast).
Cardiomyoblast (1x10° cells/ml) were treated in 24 or 96 well plates (according to the
performed test) remaining with the treatment until the end of hypoxia induction. After
this, the cells were distributed into the following groups: control (in DMEM culture
medium), H/R (in DMEM culture medium + induction of hypoxia and reoxygenation),
starvation (in PBS), starvation + H/R (PBS + induction of hypoxia and reoxygenation),
starvation + vehicle (PBS + DMSO), starvation + H/R (PBS + DMSO + induction of
hypoxia and reoxygenation), anandamide (AEA + starvation ), anandamide + H/R
(AEA + starvation + induction of hypoxia and reoxygenation), nifedipine (NIF +
starvation), nifedipine + H/R (NIF + starvation + induction of hypoxia and
reoxygenation), 3,5-dipalmitoyl-nifedipine (DPN + starvation) and 3,5-dipalmitoyl-
nifedipine + H/R (DPN + starvation + induction of hypoxia and reoxygenation). The
molecules were tested at concentrations of 10 and 100 uM, treated 24h after assembly
of the experimental plates and immediately before the H/R. We assessed cell viability
using the MTT colorimetric assay, induction of apoptosis and necrosis by fluorescent
microscopy and ROS generation was by fluorimetry. All molecules tested managed to
reduce the levels of oxidative stress compared to the starvation + vehicle group. Cell
viability was enhanced when cells were induced by ischemia and reperfusion process,
only in the treatments with both doses of anandamide and 3,5-dipalmitoyl-nifedipine at
a concentration of 100 uM. Those same treatments also reduced cell death. It is shown
therefore that the process of hybridization of nifedipine to two palmitic acid chains at a
assigns a greater cardioprotective effect to this molecule, reducing the damage caused

by ischemia and reperfusion in cardiomyoblast culture.
Keywords

calcium blocker - H9c2 - hypoxia and reoxigenation - infarction - palmitic

acid
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1. Introduction

Cardiovascular disease is a worldwide public health problem, and damage after
myocardial ischemia and reperfusion (I/R) is the leading cause of morbidity and
mortality in the world [1, 2]. Hypertensive patients are the most affected by I/R [3],
enhancing the importance of studies that looking a drug that attenuates the blood
pressure and that at the same time is able to prevent or mitigate I/R myocardial damage.

Evidence indicates that several interrelated factors such as the decrease in
cellular ATP levels, the production of reactive oxygen species (ROS), the accumulation
of hydrogen ions and the generation of reactive nitrogen species contribute to the
damage caused by I/R [4]. Oxidative stress has been the main cause of cell death during
the I/R process [5]. The restoration of blood flow and the return of oxygen supply

generate ROS that trigger cell death by apoptosis and necrosis [6].

During reoxygenation, the membrane integrity is compromised by oxidation of
the phospholipids, which leads to an uncontrolled ion permeability [6]. The ROS can
still compromise the function of cardiac proteins such as: ion channels, calcium pumps
and contractile proteins involved in excitation mechanism of heart contraction [7].
These processes may lead to an increase in the permeability of Ca®*, and consequently
an increase in intracellular calcium levels. However it is still unclear as calcium

channels play its role after myocardial I/R [8].

Among the pharmacological approaches for the treatment of hypertension,
nifedipine (NIF) is widely used [9]. This drug belonging to the family of
dihydropyridines, characterized by blocking action of the calcium channel and also act
as potent vasodilator, widely used as antihypertensive [9]. NIF lowers blood pressure
through increase coronary blood flow, by blocking the entry of Ca** in smooth muscle
cells by Ca®* channels L-type [10]. However, one of its known effects on the
myocardium is tachycardia [11]. The treatment of cardiovascular diseases with hybrid
molecules may comprise more than one pharmacological action in a single drug,
thereby providing an efficient alternative to potentiate already known effects or assign

new effect molecules, ideal to treat those with more than one cardiac condition [12].

NIF is also effective in inhibiting the activation of tumor necrosis factor kappa
beta (NFkB) and thus contributes to decrease inflammation, and increased endothelial
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function in coronary circulation [13]. NIF exerts its clinical effect due to relaxation of
the smooth muscle of blood vessels, leading to reduced peripheral vascular resistance
and improving coronary perfusion. It also has a negative inotropic effect on cardiac
tissue, attenuated by increased reflection in heart rate in response to vasodilation [14].
NIF has effects in culture endothelial cells, however these cells do not express L-type
calcium channels [15], demonstrating that the effects of NIF are not restricted to these
channels. NIF also showed to promote the re-endothelialization after vascular injury,
considered to protect against atherosclerosis by inhibiting endothelial cell apoptosis and
suppression of vascular inflammation, effects attributed to the antioxidant properties of
the drug [15, 16].

The literature has demonstrated the relationship between cannabinoid receptors
and oxidative stress, confirming the antioxidant action of ligands of these receptors in
cell lines of human pancreatic tumor [17]. But, the antioxidant effect of
endocanabionoids is not only in the connection with their receptors. According to
Garcia [18], endocannabinoids have antioxidant activity independently of activation of
CB1/CB2 receptors in neuronal cells. Some studies show that endocannabinoids play an
important modulatory role on the function of the cardiovascular system in various
pathological conditions such as hypertension, myocardial infarction and heart failure
[19, 20]. Experiments with the endocannabinoid anandamide (AEA), held in
Langendorff preparations with rats hearts [21] have shown a negative inotropic effect,
that may underlie their ability to decrease cardiac output as noted at in vivo studies in
rats [22]. In addition, the AEA showed antiarrhythmic effects in vivo in rat myocardium
[23, 24].

For this study was synthesized a novel hybrid molecule, 3,5-dipalmitoyl-
nifedipine  (dihexadecyl 2,6-dimethyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-
dicarboxylate) (DPN) (Figure 1), in order to impart properties to this molecule to assist
in mitigating damage caused by H/R. In the process of joining molecules, the fatty
amides demonstrated an essential importance for biological activity probably to
facilitate the permeability in the cells of these new molecules [25]. Knowing that
myocardial ischemia process is a global health problem this work had as objective to
study the acute effects of calcium channel blocker nifedipine and its hybrid fatty during
ischemic and reperfusion in cardiac cells H9c2 line (cardiomyoblast) and compare with

the effect of anandamide.
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Ar= 2-NO,-Ph

FIGURA 1. The structure of new hybrid 3,5-dipalmitoyl-nifedipine (DPN).
2. Methodology
2.1 Cell cultures

The Wistar rats embryos cardiomyoblast cell line H9¢2 was obtained from the
Bank of Cells of Rio de Janeiro and maintained in culture bottles at 37 °C in Dulbecco's
Modified Eagles Medium (DMEM) supplemented with sodium bicarbonate (1.5 g/L),
L-glutamine (4 mM), Hepes (25 mM), glucose (4,5 g/L), 1 % antibiotic (penicillin 100
U/ml and streptomycin 100 pg/ml) and antimycotic (amphotericin 0,25 pg/ml) with
added 10% fetal bovine serum. Cells were maintained in a manner that did not exceed

80% confluence.
2.2 Experimental procedure for synthesis of 3,5-dipalmitoyl-Nifedipine

To a round-bottom flask equipped with a magnetic stir bar and reflux condenser
were added palmitic B-keto ester (2 mmol), 2-nitro-benzaldehyde (1 mmol), ammonium
acetate (3 mmol), methanol (5 mL) and sulfamic acid (30 mol%) as catalyst. The
mixture was submitted to reflux by 24 h. After, the crude was cooled to ambient
temperature, concentrated in vacuum and purified by column chromatography using
hexane: ethyl acetate (80:20) as eluent giving the pure yellow paste. dihexadecyl 2,6-
dimethyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate: MW 767 g.mol™;
paste-yellow solid; NMR *H (300 MHz, CDCls) & 0.88 (t, 6H, J= 6.0 Hz), 1.26 (m,
52H), 1.54 (m, 4H), 2.31 (s, 6H), 3.94 (m, 2H), 4.06 (m, 2H), 5.82 (s, 1H), 5.97 (bs,
1H), 7.23 (m, 1H), 7.45 (t, 1H, J= 7.5 Hz), 7.53 (d, 1H, J= 9.0 Hz), 7.72 (d, 1H, J= 9.0
Hz); **C (75 Mz, CDCls) & 14.0, 19.5, 22.6, 25.8, 28.5, 29.2, 29.3, 29.5, 29.6, 31.8,
34.6, 64.2 (2C), 103.7 (2C), 123.9, 126.8, 131.2, 132.6, 142.5, 144.5, 144.6, 147.7,
163.3 (2C).

2.3 Experimental Design
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The H9c2 cells (1x10 cells/mL) were placed in 24 or 96 well plates (according
to the test performed) with DMEM culture medium at 37 °C for 24 hours for adhesion.
After this time the cells were distributed the following groups: control (in DMEM
culture medium), H/R (in culture medium DMEM + induction of hypoxia and
reoxygenation), starvation (in PBS), starvation + H/R (in PBS + induction hypoxia and
reoxygenation), starvation + vehicle (in PBS + 1% dimethylsulfoxide, DMSO),
anandamide (AEA + starvation), Anandamide + H/R (AEA + starvation + vehicle +
induction of hypoxia and reoxygenation), nifedipine (NIF + starvation), nifedipine +
H/R (NIF + starvation + induction of hypoxia and reoxygenation), 3,5-dipalmitoyl-
nifedipine (DPN + starvation) and 3,5-dipalmitoyl-nifedipine + H/R (DPN + starvation
+ induction of hypoxia and reoxygenation).All groups were tested with induction of
hypoxia and reoxygenation (groups H/R), or in the absence of this condition. The
molecules were administered at concentration of 10 and 100 uM, always 24h after

assembly of the experimental plates and immediately before the H/R induction.
2.4 Induction of hypoxia and reoxygenation (H/R)

The hypoxia conditions were obtained by replacing the culture medium by the
experimental medium consisting of PBS buffer (pH 6,8 at 37 °C) and the plates were
incubated in a hypoxic chamber with nitrogen passage coupled to a vacuum pump,
order to decrease the oxygen pressure. After 30 minutes of hypoxia, PBS was replaced
by DMEM and normoxic conditions restored by subjecting the plates to the
reoxygenation period for another 30 minutes. The control groups without H/R condition
had their plates kept in a incubator (37 °C with 5% CO; by the total time of the
experiment). All experiments were performed in triplicate, and by the end of
reoxygenation period the cells were prepared for the following analysis. Each

experiment was repeated three times independently with minimum triplicate of samples.

2.5 Cell viability

Viability of cells with was evaluated by MTT method (3-(4,5-dimethylthiazol-2-
yD)-2,5-difeniltetrazolium). Briefly, cells were rinsed with PBS and added DMEM with
10% MTT and incubated for 3 hours at 37 °C. After, DMEM was removed and
formazan crystals were dissolved in 200 pl of DMSO (Sigma) and immediately reading
its absorbance values at 490 nm in a spectrophotometer with a plate reader (800 ELX

Universal Microplate Reader, Bio-TEK).Values were expressed as arbitrary valeus.
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2.6 Analysis of apoptosis and necrosis

Assessment of apoptosis and necrosis was performed according Ribble [26]
modified. To perform the analysis of apoptosis and necrosis of cells after reoxygenation
was added 2 ul of working solution composed of PBS, 100 pg/ml acridine orange and
100 pg/ml ethidium bromide. The analysis was performed from the captured images of
each well of the plate (20x) in epifluorescence microscope (Olympus 1X81). Cells were
analyzed using the Image J program, and the data were expressed as number of cells
counted and the percentage of viable cells, in apoptosis or necrosis in relation to the
total number of cells in each well. Cells were classified according Kosmider [27]
modified as follows: cells stained yellow-orange tones in the cytoplasm and nucleus
with green fluorescence were considered viable; cells with nucleus orange and
presenting fragmented chromatin were considered apoptotic; cells nucleus stained with

orange uniformly were considered necrotic.

2.7 Generation of reactive oxygen species (ROS)

After reoxygenation, cardiomyoblast and its controls were suspended using
trypsin, placed in eppendorf tubes and incubated at 37 °C for 30 minutes in PBS with
diacetate 2',7'diclorofluoresceina (H,DCF-DA) in the final concentration of 40 uM.
After incubation with H,DCF-DA, the cells were washed with PBS once and
resuspended. Aliquots of 160 pL of each sample placed in triplicate in a 96 well plate
and fluorescence intensity was determined during 90 minutes at 37 °C in fluorometer
Victor 2 (Perkin-Elmer) with excitation wavelengths of 485 nm and emission at 520

nm. ROS levels were expressed in of fluorescence unit.

2.8 Statistical analysis

Each experiment was repeated at least three independent times with samples at
least in triplicate. The results were expressed as mean + SE. The assumptions of
normality (Kolmogorov-Smirnov test) and variances of homoscedasticity (Levene test)
were tested. One-way analysis of variance (ANOVA) was used to determine significant
differences between groups, followed by Tukey post test HSD. The level of statistical

significance was set at 5%.

3. Results

3.1 Induction of ischemia and reperfusion condition
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To confirm the effectiveness of ischemic and reperfusion simulation protocol
was initially tested the effect of H/R and starvation, separate and together. Our results
showed that when the cell line H9c2 is exposed only to H/R there is an increase of
50.7% in the generation of reactive oxygen species in the control group (Figure 2A) and

a significant decrease in cell viability 45% compared to the control group (Figure 2B).

These differences are even greater when the cells are subjected to H/R and
starvation. In this condition occurs an increase of 68.1% and a decrease 75% on ROS
production (Figure 2A) and cell viability (Figure 2B) respectively. In the analysis of
apoptosis and necrosis we can also observe that when the cells are subjected to H/R or
starvation is induced death by necrosis (Figure 2C) which is greater when treatments are
combined H/R + starvation. Apoptosis was induced significantly (p <0.05) by treatment
H/R + starvation. These results demonstrate that our protocol H/R + starvation was
effective by increasing the amount of reactive oxygen species and decreased cell
viability simulating the damage induced by ischemia and reperfusion.
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FIGURE 2. (A) ROS generation in H9C2 cells submitted to the hypoxia and
reoxiygenation protocol. (B) Percentage of cell viability immediately after
treatment with hypoxia and reoxiygenation protocol (C) Percentage of viable,
apoptotic and necrotic H9c2 cells, immediately after treatment. Data are expressed
as mean = standard error. Different letters indicate significant difference (p< 0.05)
among groups. Uppercase letters in the figure 2C refer to necrotic cells and
lowercase letters refer to apoptotic ones (p <0.05).
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3.2 Cardioprotective effect of the treatments

The results showed that H9c2 cells when subjected only to starvation (Figure 3)
in both AEA concentrations (10 uM and 100 uM) and the highest concentration of 3,5-
dipalmitoyl-nifedipine (DPN) (100 pM) showed a reduction in the levels of ROS in
relation to starvation + vehicle, 33.75%, 40.05% and 29.20% respectively. But, when
subjected to H/R + starvation, all molecules show a reduction of reactive oxygen
species (p <0.05). This decrease was more intense in both concentrations of AEA (10
UM and 100 pM) 30% and 36.30% respectively and DPN 100 uM (27.9%) (Figure 3
B).
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FIGURE 3. (A) ROS generation in HIC2 cells exposed to starvation treated with
anandamide, nifedipine and 3,5-dipalmitoyl-nifedipine (B) ROS generation in
HIOC2 cells immediately before hypoxia, starvation and reoxygenation treated
with anandamide, nifedipine and 3,5-dipalmitoyl-nifedipine . Data are expressed
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fluorescence unit as mean + standard error, different letters indicate significant
difference (p< 0.05 ) among groups.

The viability of the cell line H9c2, when subjected only to starvation (Figure
4A) was significantly increased (p <0.05) with AEA 10 uM in 93.5%, AEA 100 uM in
110.06%, DPN 100 uM at 61.39% and NIF 100 uM in 44.25%. However, when these
cells are induced to H/R + starvation (Figure 4B) that is an ischemic condition, cells
treated with either anandamide as with 3,5-dipalmitoyl-nifedipine at both
concentrations, showed greater viability (p <0.05). This increase was of 185.20% for
AEA of 10 pM and 209% for AEA 100 pM, and 73.8% and 138.7% for a DPN 10 uM
and 100 uM, respectively. This increase in cell viability makes us suggest a protective
effect of these molecules to the damage caused by H/R. NIF at concentrations of 10 uM
and 100 uM did not differ significantly from starvation + vehicle during H/R (p> 0.05).
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FIGURE 4.(A) Cell viability HIC2 cells exposed to starvation in the presence and
anandamide, nifedipine and 3,5-dipalmitoyl-nifedipine (B) Cell viability H9C2
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cells immediately treatment with hypoxia and starvation in the presence and
anandamide, nifedipine and 3,5-dipalmitoyl-Nifedipine. All Data arbitrary values
are shown as mean = standard error, different letters indicate significant
difference (p< 0.05).

As can be observed in figure 5A and 6, H9c2 cells in starvation treated with
nifedipine at both concentrations, showed the highest values of apoptotic and necrotic
cells, these values are statistically equal to the starvation+ vehicle group (p> 0.05).
However treatments AEA and DPN in the two concentration decreased significantly (p
<0.05) cell death either by necrosis or apoptosis. When H9c2 cells are subjected to
ischemic conditions (Figure 5B, 6), cells treated with both concentrations of
Anandamide and DPN 100 uM show a decrease in death by apoptosis and necrosis.
NIF in both concentrations and DPN 10uM did not diluted death by apoptosis and
Necrosis.
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starvation + vehicle starvation + H/R + vehicle

starvation + AEA starvation + H/R + AEA

Starvation + NIF starvation+ H/R + NIF

Starvation + DPN starvation+ H/R + DPN

FIGURE 5. Visual field of cells in the vehicle group demonstrating viable cells and
cells treated showing viable cells, in apoptosis or necrosis captured by fluorescence
microscopy. Cells stained yellow-orange tones in the cytoplasm and nucleus with
green fluorescence were considered viable; cells with nucleus orange and
presenting fragmented chromatin were considered apoptotic; cells nucleus stained
with orange uniformly were considered necrotic.
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FIGURE 6. Percentage of viable, apoptotic and necrotic H9c2 cells immediately
after treatment of hypoxia and nutrient deprivation with 10 uM and 100 uM of
anandamide (AEA), nifedipina (NIF) and 3,5-dipalmitoyl-nifedipine (DPN) from
the visual field captured by a fluorescence microscope. Data are percentage of cells
+ standard error. Different letters indicate significant differences compared to the

33



control, necrotic cells uppercase letters and apoptotic cells lowercase letters,
respectively (p <0.05).

3. Discussion

In ischemia and reperfusion condition, major damage to heart tissue occur
during reperfusion. Two factors may explain this: one assign the damage to the large
influx of Ca® into the cell, the other assigns those changes as a result of oxidative
stresss [28]. In the looking of cardioprotective drugs that reduce or prevent damage
from ischemia and reperfusion [29,30], researches have proposed new drugs with hybrid

molecules that attenuate Ca** influx and oxidative stress [31, 32, 33].

This study demonstrated that administration of 3,5-dipalmitoyl-nifedipine (DPN)
at concentrations of 10 and 100 uM in rats cardiomyoblast cell line (H9c2) submitted to
starvation and ischemia and reperfusion condition reduced the oxidative stress and
increased cell viability, besides decreasing cell death by apoptosis and necrosis.
Treatment with nifedipine has not significantly improved cell viability, or attenuated

cell death, but did reduce significantly the generation of reactive oxygen species (ROS).

It has been well accepted that changes in mitochondrial function lead to ROS
increase and consequently increase oxidative damage, and possibly a greater induction
of apoptosis and necrosis, which are among the main damage of ischemic injury to the
heart [34]. There is evidence that an increase in the absorption of antioxidants as food
and medicines can protect against cardiovascular disease [35]. The antioxidant effect
attributed nifedipine is already well described in the literature [36, 37]. Although
nifedipine (5uM) have antioxidant effect in primary cultures of endothelial cells of
human umbilical cord, as well as in rat pheochromocytoma cells treated with 10uM [15,
32]. Studies in homogenized heart rats treated with 2.7 mM nifedipine also confirmed
the antioxidant activity of this molecule [38]. In this work it was observed that in
cardiomyoblast culture, nifedipine (10 and 100 uM) in a condition of ischemia and

reperfusion also showed antioxidant activity in a dose-dependent manner.

Nifedipine is capable of improving the functions related to angiogenesis in
endothelial cells, such as differentiation, migration besides improving the responses of
cells against stress, decreasing cell death, for example [39]. According Arora [40],
nifedipine has cytoprotective effects in the concentration of 10 uM. This result was also
repeated in the same concentration as nifedipine protected pancreatic B-cells in the

endoplasmic reticulum stress-induced by glucose, decreasing the number cells that have
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undergone apoptosis and enhancing cell viability [41]. Our results demonstrate that
treatment with 100uM nifedipine in starvation condition significantly increased cell
viability, but in the condition of ischemia and reperfusion does not occur until a dose of
100 puM. There is evidence that although the nifedipine has vasodilating action in
normoxic conditions, it did not act as a vasodilator in hypoxic conditions [42] and may
be the reason why in the experimental conditions here presented the nifedipine had no
effect on cell viability during the induction of ischemic condition. Together, these
findings suggest that the cytoprotective action of nifedipine dependent of concentration,

cell type and conditions of normoxia or hypoxia.

Another substance that has shown a significant cardioprotective effect in a
model of ischemia and reperfusion in rats is anandamide, which decreased the incidence
of ventricular arrhythmias and reduces infarct size, through the activation of
cannabinoid receptor CB2 [43]. Additionally, antioxidants effects have been identified
in heart tissue of rats submitted to I/R as compared to rats also subjected to I/R that do
not express CB2 receptors [44]. Anandamide (100 nM) is also able to suppress calcium
overload during I/R in cardiac myocytes, thus lowering the production of ROS [45],
which agrees with our results that administration anandamide at concentrations of 10
MM and 100 uM decrease reactive oxygen species by 30% and 36.30% respectively in

cardiomyoblast induced to H/R, proving the antioxidant action of this molecule.

Anandamide has also been identified as protective in toxicity models in vitro
[46], as cytoprotective. The use of cannabinoids as a therapeutic use for multiple
sclerosis, Parkinson's disease and cardiac or cerebral ischemia has been suggested to
improve the cell viability [47, 48]. It was also demonstrated in our results since
anandamide at both concentrations increased cell viability of cardiomyoblast subjected
to H/R 185.20% and 209% respectively compared to the starvation+ vehicle group.
Analysis of the type of death in cardiomyoblast induced to H/R treated with
anandamide, in both concentrations and the treatment with 3,5-dipalmitoyl-nifedipine at

a concentration of 100 pM, reduced the values of apoptosis and necrosis.

The fatty acids can modulate the molecular pathways involved in apoptosis,
being palmitic acid, e.g., involved in the induction of apoptosis in different cell types,
including neonatal cardiomyocytes [49]. Fatty acids are molecules consisting of a
hydrocarbon chain and a carboxyl grouping that are classified as saturated as is the case

of palmitic acid or unsaturated as seen in anandamide molecule. The process of adding
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unsaturated or saturated fatty acids to modify, add or enhance the effects of drugs is
known in the literature, the arrangement in time to add this fatty acid can also influence
the effect that is assigned to the molecule [50].

The continuous search for new strategies for the treatment of cardiac disorders
as multifunctional drugs has been gaining attention, combining two pieces as a drug and
another molecule [38], such as 3,5-dipalmitoyl-nifedipine. Others analogues of di-
hidropirimidinonas hybrids with fatty acids (DHPM-fatty acids) has already been
described in the literature as anti-proliferative on glioma cells [51], of which the analogs
derivatives of palmitic and oleic acid, have become the most promising in the treatment
of this type of tumor [52]. NIF has effects in cultured endothelial cells, however these
cells do not express L-type calcium channels [15], demonstrating that the effects of NIF
are not restricted to these channels [53]. The H9c2 cells only express calcium channels

type L to differentiate, and this condition did not happen during this experiment.

In H9c2 line, joint administration of the polyunsaturated fatty eicosapentaenoic
acid (EPA or omega-3) and palmitic acid is capable of modulating the expression of
LC3 gene involved in autophagosome formation response and promote an protective
effect against apoptosis induced by palmitic acid [49]. Our results with the new
molecule, 3,5-dipalmitoyl-nifedipine demonstrate that, when administered at a
concentration of 100 uM just prior to induction of ischemia and reperfusion condition
improved cell viability decreasing cell death by necrosis and further by apoptosis in
cardiomyoblast. The 3,5-dipalmitoyl-nifedipine also decreases the production of
reactive oxygen species caused by hypoxia and reoxygenation process, showing that
this molecule has an antioxidant effect at this moment, thus improving the results when

compared to treatment with nifedipine.

These results are very important since there is evidence that the process of
joining molecules to fatty amides enhances known effects of the molecule, probably by
increasing the permeability of these molecules in cells [25]. This increases of
antioxidant effect can also add in the treatment of other diseases, since it is known that
the ingestion of drugs with increased antioxidant effect can protect against

cardiovascular disease [54].
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4. Conclusion

All cardiovascular disease trigger the death of heart cells by apoptosis or
necrosis, interventions to improve this condition has to be added to decrease the
damage/impact of heart diseases such as those related to ischemia and reperfusion. Our
molecule synthesized 3,5-dipalmitoyl-nifedipine not only decreased ROS in
cardiomyoblast subjected to ischemic and reperfusion condition, but also improved cell
viability in 138.7% in dose-dependent manner. It demonstrate that the hybridization
procedure of two chains of palmitic acid to a nifedipine molecule assigns a greater
cardioprotective effect to the molecule, reducing the damage caused by ischemia and

reperfusion in cardiomyoblast culture.
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Conclusotes Gerais

Nosso protocolo de indugdo de isquemia e reperfusdo se mostrou eficiente
causando danos celulares de estresse oxidativo e morte celular. As trés moléculas
testadas: anandamida, nifedipina e a 3,5-dipalmitoil-nifedipina conseguiram diminuir os
niveis de estresse oxidativo quando comparadas ao grupo jejum+veiculo. A viabilidade
celular foi melhorada quando as células foram induzidas ao processo de isquemia e
reperfusdo em presenca de anandamida em ambas as doses (10 UM e 100 uM) e de 3,5-
dipalmitoil-nifedipina na concentracdo de 100 pM. Estes trés tratamentos também
conseguiram diminuir significativamente a morte celular por apoptose e necrose.
Demonstra-se portanto, que o processo de hibridizacdo de duas cadeias de acido
palmitico a uma molécula de nifedipina atribuiu um maior efeito cardioprotetor a
molécula, reduzindo os danos provocados pela isquemia e reperfusdo em cultura de

cardioblastos.

Nossa molécula sintetizada a 3,5 dipalmitoil-nifedipina ndo s6 diminuiu os ERO
em cardioblastos submetidos a H/R, como melhorou a viabilidade celular em até
138,7% de maneira dose-dependente, provavelmente por ter aumentado a lipofilicidade
da molécula de nifedipina.

Estudos futuros devem testar se a maior lipofilicidade dada a nifedipina pela
hibridizacdo (3,5 dipalmitoil-nifedipina) manteve o efeito esperado da molécula em
bloguear os canais de calcio do tipo L, mantendo assim também a caracteristica anti-
hipertensiva da nifedipina . Também seria interessante testar o processo de hibridizacao
com outros acidos graxos. O tempo da administracdo das drogas também pode ser
testado, em nosso trabalho as drogas foram administradas somente durante a hipoxia,
podendo ter outro efeito se a administracdo for durante todo periodo de hipdxia e

reoxigenacdo ou somente na reoxigenacao.
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