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Com os avangos das técnicas de cultivo celular, as células tronco (CTs) passaram a ser
utilizadas como forma de terapia alternativa, firmando a chamada medicina regenerativa. Um
tipo de CT que vem sendo estudada sdo as Celulas Tronco derivada do tecido adiposo (ASCs)
que possuem caracteristicas idénticas as Células Tronco Mesenquimais (CTMSs). Para realizar
um transplante de CTs, se faz necessaria uma grande quantidade de células, o que faz com
que tais cultivos sejam mantidos in vitro por longos periodos de tempo, consequentemente
tais células, com as repetidas passagens, entram em senescéncia celular, o que inviabiliza a
sua utilizacdo. Sendo assim, algumas pesquisas demonstraram que o perdxido de hidrogénio
(H.0,) pode atuar potencializando a proliferacdo destas células. Contudo, sabe-se que o
metabolismo oxidativo estd intimamente associado ao processo de senescéncia celular. A
partir disto, o objetivo deste trabalho foi avaliar o efeito cito-genémico da exposicdo de ASCs
ao H,O, e ao extrato de guarana. Foi realizado isolamento e cultivo de ASCs, as quais em
quarta passagem foram expostas as concentragdes de 1-1000 uM de H,O; e realizados ensaios
para a avaliagdo da viabilidade celular, pardmetros de estresse oxidativo, danos ao DNA e rota
apoptotica das caspases. Além disso, ASCs senescentes foram tratadas com concentracdes de
1-20mg/mL de extrato de guarana, sendo testadas para a reversao da senescéncia, viabilidade
celular, parametros oxidativos, de danos ao DNA e atividade e expressdo de enzimas
antioxidantes. Os resultados mostraram que o H,O, causa danos cito-gendémicos as ASCs,
havendo reducdo da viabilidade celular principalmente a partir da concentragcdo de 200 uM,
assim como aumento da taxa total de espécies reativas de oxigénio (EROs) e peroxidagdo
lipidica. O H,0, também diminuiu a atividade da catalase de forma dose-dependente e atuou
sobre a atividade da SOD. Os tratamentos também conduziram a um aumento progressivo dos
danos ao DNA. Além disso, na oitava passagem foi observada a senescéncia das ASCs e 0
tratamento com guarana mostrou capacidade de reversdo deste fen6tipo na concentracdo de 5
mg/mL, de forma a reduzir a taxa total de EROS, a lipoperoxidacdo, a carbonilacdo de
proteinas e 0s danos ao DNA, quando comparado as ASCs ndo tratadas. O guarana também
foi capaz de modular a atividade e expressdo de enzimas antioxidantes, aumentando a
catalase, reduzindo a SOD total e uma leve reducdo na expressdo da glutationa peroxidase.
Logo, pode-se dizer que a exposi¢do aguda de ASCs ndo senescentes ao H,O, foi altamente
citotoxica, demonstrando a alta sensibilidade destas células a este agente estressor. Todavia,
ASCs senescentes tratadas com guarand demonstraram o potencial efeito deste extrato na
reversdo da senescéncia celular.

Palavras-chave: Células Tronco derivadas do tecido adiposo. Metabolismo Oxidativo. Danos
Celulares.
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With advances in techniques of cell culture, stem cells (SCs) have to be used as an
alternative therapy, firming the called regenerative medicine. An type of SC that has been
studied is the Adipose-derived stem cell (ASCs) having identical characteristics of
Mesenchymal Stem Cells (MSCs). To realize a transplanting of SCs, is necessary a large
amount of cells, which makes such cultures are maintained in vitro for long periods of time,
consequently these cells, with the repeated passages, enter cellular senescence, which
prevents their use. Thus, some studies showed that the hydrogen peroxide (H,O,) can act to
potentiate the proliferation of these cells. However, it is know that the oxidative metabolism
can be associated with the senescence process. From this, the aim of this study was available
the cito-genomic effect of the exposition of ASCs to H,O, and to guarana extract. Was
realized isolation and cultivation of ASCs, that were, in forth passage, exposed to
concentrations of 1-1000 uM of H,0, and realized assays to available the cell viability,
oxidative stress parameters, DNA damage and the apoptotic way of caspases. Moreover,
senecents ASCs were treated with concentrations of 1-20 mg/mL of guarana extract, being
tested to the senescence reversion, cell viability, oxidative parameters, DNA damage and
activity and expression of antioxidants enzymes. The results showed that the H,O, cause cito-
genomic damages to ASCs, with decrease in the cell viability mainly at the concentration of
200 uM, as well as increase the total reactive oxygen species (ROS) rate and lipidic
peroxidation effect. The H,O, also decreased the catalase activity in dose-dependent form e
acted in the SOD activity. The treatments also conducted to a progressive increase of DNA
damage. Moreover, in the eighth passage was observed the senescence of ASCs and the
treatment with guarand showed capacity to revert this phenotype in the concentration of 5
mg/mL, with reduction in the total ROS rate, lipoperoxidation, protein carbonyl and DNA
damage, when compared with senescent ASCs untreated. The guaranad also was able to
modulate the activity and expression of antioxidants enzymes, increasing the catalase,
decreasing the total SOD and a light decrease in the glutathione peroxidase was observed.
Therefore, it can be said that the acute exposition of no senescent ASCs to H,O, was highly
cytotoxic, demonstrating the high sensibility of these cells to this stressor agent. However,
senescent ASCs treated with guarand showed the potential effect of this extract in the
reversion of the cellular senescence.

Key-words: Adipose-derived stem cells. Oxidative metabolism. Cellular damages.
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1 INTRODUCAO

Células Tronco (CTs) séo células indiferenciadas que estdo envolvidas nos processos
de renovacao e proliferacdo celular de tecidos de forma fisioldgica, bem como na regeneragédo
de tecidos lesionados (PERES e CURI, 2005). Além das CTs de origem embrionaria, existem
também CTs de origem adulta (ARANDA et al., 2009).

Um grande interesse cientifico e clinico tem sido atribuido as CTs adultas, ja que sdo
mais facilmente obtidas. Estas células também tém apresentado uma resposta terapéutica
positiva em estudos voltados ao desenvolvimento de tratamentos para algumas doencas, como
diabetes e cardiopatias, caracterizando a chamada terapia celular e firmando a aplicacdo da
medicina regenerativa (DAl e KLONER, 2007; LEE et al.,, 2006; McNIECE, 2007;
NOGUCHI, 2007).

Células tronco mesenquimais (CTMs) sdo um tipo de CT que no organismo possuem a
capacidade de se diferenciar em células de tecidos de origem mesodérmica, como adipdcitos,
condrdcitos, osteoblastos, também estando associadas a fung¢bes imunomodulatorias
(AMADO et al., 2005; KULTERER et al., 2007; PITTENGER et al., 1999). Devido a tais
caracteristicas, estas células sdo foco de investigacdes voltadas ao desenvolvimento de terapia
celular regenerativa com varias indicac@es de uso no tratamento de doencas degenerativas e
auto-imunes (ANKRUM e KARP, 2010). Dessa forma, algumas pesquisas também estdo
sendo desenvolvidas utilizando a engenharia genética no intuito de aumentar a capacidade
terapéutica das CTs, no qual tal pratica baseia-se na insercdo de genes exdgenos. Todavia,
estes procedimentos podem consequentemente aumentar as chances de desenvolvimento
tumoral (FAZEL et al., 2008; ZHANG et al., 2012).

Ao longo do envelhecimento biolégico e também em grande parte de doencas ou
injarias corporais hd o aumento do estresse oxidativo e resposta inflamatoria no local. Este
fendmeno parece atrair as CTs para o local lesado a fim de auxiliar na regeneracéo tecidual.
Sendo assim, alguns estudos foram desenvolvidos de forma a avaliar a modulagéo destas
células quando expostas a um ambiente estressor (ADAMS e SCADDEN, 2008; LAU et al.,
2008). Kaburagi e colaboradores (1993), por exemplo, demonstraram que a exposi¢éo de CTs
ao Peroxido de Hidrogénio (H,0;) conduz a um aumento do crescimento celular. J& Zhang e
colaboradores (2012), evidenciaram que além do crescimento celular, a exposi¢éo a H,O, por
um curto periodo de tempo pode aumentar a capacidade de diferenciacdo de tais celulas,
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podendo assim ser uma forma de pré-condicionamento celular antes do transplante, porém os
estudos na area de avaliacdo dos padrbes de seguranca desta aplicabilidade ainda séo
€scassos.

Outra questdo importante relacionada ao uso das CTs em terapias regenerativas € o
quanto a manipulacdo destas células pode alterar o0 metabolismo oxidativo e gerar danos que
tornam a mesma menos eficientes em termos de regeneracdo e mais propensas ao
desenvolvimento tumoral. Por este motivo, investigacGes relacionadas a exposicdo de CTs a
moléculas ou compostos pro-oxidantes e antioxidantes sdo de grande interesse. Entretanto,
estudar o efeito destes compostos ndo é tarefa facil dada a complexidade das interacOes
bioquimicas que ocorrem no ser vivo. Portanto, uma estratégia para avaliar o efeito de agentes
pré e antioxidantes é o uso de modelos experimentais in vitro utilizando cultura celular
(KUILMAN et al., 2010).

1.1 Cultura de Células

Antes mesmo dos protocolos de cultura de células comecarem a surgir, 0
desenvolvimento de solucdes salinas com a capacidade de manter as necessidades vitais de
orgdos isolados foi estabelecido por Sydney Ringer no século XIX. Alguns anos apds,
Wihelm Roux conseguiu manter células embrionérias vivas em condi¢des in vitro pela
primeira vez (CRUZ et al., 2009).

Entretanto, os primeiros experimentos que realmente aplicaram a cultura de células
foram efetuados por Ross Granviele Harrison, hd mais de 100 anos. O estudo deste
pesquisador tinha por objetivo avaliar como as células animais se comportavam em um
ambiente homeostatico e em situacfes de estresse. Para tanto, Harrison desenvolveu uma
técnica baseada na desagregacdo de fragmentos de tecidos de anfibios que migravam para o
meio (CRUZ et al., 2009; PERES E CURI, 2005).

ApOls as pesquisas de Harrison, outros pesquisadores manifestaram interesse pelo
cultivo de tecidos. Alexis Carrel, por exemplo, foi um dos cientistas que continuaram a
pesquisar a cultura de células, comprovando a necessidade do controle da temperatura e das
trocas periodicas do meio de cultivo celular, pois desta forma, um melhor crescimento celular
era observado (PERES e CURI, 2005).
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A aplicabilidade do cultivo celular foi aumentando, incluindo o inicio de pesquisas
envolvendo cultivo de células tumorais. Assim, na década de 50 foi estabelecida a primeira
linhagem tumoral comercial a partir de um adenocarcinoma de cervix denominada células
HeLa em homenagem a doadora, Henrietta Lacks. A partir dai foi estabelecida uma grande
quantidade de linhagens celulares que s&o comercializadas e podem ser assim utilizadas por
diversos laboratorios do mundo, dada a necessidade do aumento de conhecimentos
relacionados a oncologia e também pesquisas direcionadas a producdo de vacinas antivirais
(CRUZ et al., 2009; PERES e CURI, 2005).

Atualmente a cultura de células ndo se limita ao estudo do comportamento de
determinado tecido ou célula in vitro, seu uso se estende a investigacdes voltadas a aplicacédo
na medicina regenerativa, pois possuem importante papel no tratamento de doencas

degenerativas principalmente considerando as CTs adultas (MOLINARO et al., 2010).

1.2 Células tronco (CTs) e a emergéncia do uso nas terapias regenerativas

Os tecidos de organismos multicelulares realizam fisiologicamente processos de
renovacdo celular, a fim de manter as suas funcdes e padrdes estruturais. Para tanto, o
organismo desencadeia acdes como a proliferacdo e diferenciacdo celular ao longo da
embriogénese. Tais processos também ocorrem em situagdes patoldgicas, a fim de reparar o
local lesionado. As células que séo indiferenciadas, mas que possuem esta capacidade de
proliferacdo e diferenciacdo, sdo as CTs (PERES e CURI, 2005).

Com o envelhecimento populacional cresceu a prevaléncia de doengas cronico-
degenerativas que se originam de disfuncées celulares. Uma vez estabelecidas estas doencas
passam a ser sistémicas. Assim, o desenvolvimento de estratégias terapéuticas que auxiliem
ao retorno funcional do metabolismo ou de estruturas corporais € de grande interesse mundial.
Este interesse foi fortalecido pelo potencial uso de CTs na medicina e saide (MARTIN,
2011).

Com o desenvolvimento das técnicas de cultura celular e de biologia molecular a ideia
de utilizar CTs em processos regenerativos de tecidos corporais que apresentam disfungoes
por doengas ou lesdes impulsionou as pesquisas. Inicialmente, os estudos se voltaram para as
CTs embrionérias. Entretanto, por questdes éticas e de complexidade de procedimentos para

tornar as mesmas potencialmente transplantaveis para organismos geneticamente diferentes, o
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uso das CTs embrionérias nas pesquisas cientificas ficou mais restrito. Por outro lado, o
desenvolvimento de marcadores de identificacdo de CTs no corpo adulto possibilitou ndo s6 o
reconhecimento destas células, mas também o seu acesso voltado a estudos clinicos que
possibilitem o seu uso de forma terapéutica (LEE et al., 2006; MARTIN, 2011).

Assim, um grande interesse cientifico e clinico tem sido atribuido as CTs adultas, ja
que sdo facilmente obtidas e também porque os estudos em modelos experimentais mostraram
que as CTs adultas tm uma resposta terapéutica positiva no tratamento de algumas doencas,
como diabetes e problemas cardiacos. Entre as CTs adultas que apresentam maior chance de
uso terapéutico na regeneracédo tecidual se destacam as CTMs (DAI e KLONER, 2007; LEE
et al., 2006; McNIECE, 2007; NOGUCHI, 2007).

1.3 Células tronco mesenquimais (CTMs)

As CTMs possuem morfologia fibroblastoide e formato fusiforme, e vém sendo
descritas como componentes de diversos tipos teciduais, possuindo diferentes sitios de
obtencdo (KORBLING e ESTROV, 2003; WAGERS e WEISSMAN, 2004). Estas células sdo
multipotentes e apesar de possuir menor capacidade de diferenciacdo comparada as CTs
embrionarias, quando estimuladas, podem se diferenciar em diferentes tipos celulares, como
células osteogénicas, condrogénicas, adipogénicas, neurogénicas e cardiogénicas (AMADO et
al., 2005; ANISIMOY et al., 2007; DE GEMMIS et al., 2006; HASHIMOTO et al., 2006;
KULTERER et al., 2007; PARK et al., 2006). Além disso, torna-se mais viavel a utilizacéo de
tais células devido a maior facilidade de obtencdo e pelas questdes de manutencdo em cultura
celular (BOBIS et al., 2006).

Embora as CTMs ndo sejam imortais, estas possuem uma consideravel capacidade de
expansdo em condicBes in vitro, sustentando seu potencial de crescimento e
multipotencialidade, favorecendo a aplicabilidade da cultura celular (BYDLOWSKI et al.,
2009).

Tais células podem ser adquiridas através da medula 6ssea, liquido amniético, tecido
adiposo, tecido de polpa dentéria, dentre outros, fornecendo suporte estrutural e regulando a
passagem de células. Os avancos nos estudos e pesquisas deste tipo de célula tém conduzido a
novas formas de tratamento para diversas doencas, visando a regeneracdo de tecidos

lesionados, caracterizando a chamada medicina regenerativa (BAKSH et al., 2004; BIANCO
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et al., 2008; CABRAL et al., 2008; CHOI et al., 2012; ESTRELA et al., 2011 VALLONE et
al., 2013).

Além disso, Helmy e colaboradores (2010) relataram o uso de CTMs para a terapia de
outras doencas como, desordens da musculatura esquelética, doengas inflamatorias,
problemas hepéticos e outras doencas, demonstrando a aplicabilidade deste tipo de célula na
pratica clinica e a necessidade de maiores estudos cientificos neste ramo.

Um tipo de CTM sdo as CTs derivadas do tecido adiposo (ASCs, do inglés adipose-
derived stem cells), as quais sdo isoladas do tecido via processos de digestdo enzimatica e
centrifugacdes (figura 1) e possuem as mesmas caracteristicas de CTMs oriundas da medula
0ssea (HALVORSEN et al., 2000; ZUH et al., 2001), considerando as propriedades definidas
pela Sociedade Internacional de Terapia Celular, que incluem: a) capacidade de aderéncia nos
frascos proprios de cultivo de células; b) caracteristica de multipotencialidade de
diferenciacdo; c) positividade para os receptores de membrana CD73, CD90 e CD105 d)
negatividade para os receptores de membrana CD11b, CD14, CD19, CD34, CD45 e HLA-DR
(DOMINICI et al., 2006).

Adipdcito Maduro M“AEA
Pré-adipécito\

V o7

Célulatronco derivada do tecido
adiposo

7‘\‘\ . esae
O Células Hematopoiéticas

O Eritrocitos E

Célulaendotelial

w Mondcitos @

Célulamuscularlisa

. O Macrofagos

Figura 1: Heterogeneidade do tecido adiposo humano que apresenta na sua composicdo adipdcitos maduros,
pré-adipdcitos, células do sistema imunoldgico, eritrocitos, células endoteliais e musculares e ASCs.
Fonte: adaptado de Ong e Sugi (2013).
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As ASCs sdo células parecidas com as CTMs, que além de possuirem a capacidade de
se diferenciar nas mesmas linhagens em que as CTMs sdo capazes, também podem ser tornar,
quanto estimuladas in vitro, em cardiomidcitos, células musculares lisas e esqueléticas,
neurdnios, células epiteliais e endoteliais. Além disso, tais células sdo ditas
imunoprivilegiadas, j& que expressam o complexo MHC-II e sdo imunomodulatorias
diminuindo a resposta imunoldgica inflamatdria. Essas células também sdo capazes de
secretar fatores que promovem a reparacdo de tecidos lesionados e de autorrenovacao, como
ilustrado na figura 2 (BAER e GEIGER, 2012; LINDROOQOS et al., 2011).

Direcionamento celular Facilitadora do reparo
terapéutico S tecidual
-
Migragao para Fatores angiogénicos, anti-
sitio de injuria apoptaticos e hematopoiéticos
i

Osteoblasto,
+ Conc!r,ofalasto, Multipotencialidade Fatores .
Miécitos, 2 - Supressdaoda GVHD,

” imunomodulatdrios
Neurdnios, etc

Adipécito ASC —— I:ﬂ:g?:f::
Substituicdo celular/tecidual

A

Fatoresde

Imunoprivilégio e oo
P g pluripoténcia

2 Reprogramagao
Rejei¢do Imune minima iPS

Figura 2: propriedades bioldgicas e terapéuticas das ASCs. Fonte: adaptado de Ong e Sugi (2013).

Entretanto, apesar de serem de facil cultivo e indugdo de diferenciacdo, existem muitas
questdes em aberto a serem respondidas antes que as CTMs, assim como ASCs, possam ser
efetivamente utilizadas na clinica médica. Isto porque, além da eficacia, um dado
procedimento terapéutico também necessita ser seguro. Deste modo, € importante avaliar o

comportamento destas células em situacdo de estresse, como € 0 caso do estresse oxidativo.
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1.4 Células tronco derivadas do tecido adiposo (ASCs) e senescéncia

Até o inicio da década de 60 ndo se sabia se as células corporais poderiam viver
indefinidamente. Os estudos com fibroblastos de frango realizados em cultura celular
mostraram que as células envelheciam na medida em que perdiam a sua capacidade
proliferativa. Este fendmeno ficou conhecido como senescéncia celular (HAYFLICK e
MOORHEAD, 1961). No organismo, as células quando envelhecem e perdem a sua
capacidade proliferativa diminuem o seu metabolismo e funcdo e podem se manter neste
estado por um tempo relativamente longo, conforme o tipo celular. Na fase final, as células
podem entdo ser eliminadas do corpo através de duas maneiras: ou a propria célula induz sua
morte de modo controlado, fendmeno este conhecido como “apoptose”, ou elas sao
fagocitadas pelos macrofagos (KUILMAN et al., 2010).

Como o proprio nome faz referéncia, proveniente do latim senex, a senescéncia
celular esta vinculada ao envelhecimento celular e pode ser classificada em trés fases, as
quais: 1) fase de pouca proliferacdo que antecede a primeira passagem; Il) rapida proliferacéo
celular; 1) fase em que a proliferacdo passa a diminuir até uma parada completa
(HAYFLICK e MOORHEAD, 1961; HAYFLICK, 1965). Ao contréario das células saudaveis,
as células de cancer ndo apresentam senescéncia bem como as CTs embrionarias. Entretanto,
as CTs adultas, obtidas de 6rgdos humanos, ndo sdo imortais. Ou seja, existe uma limitacdo
guanto a sua capacidade proliferativa (KUILMAN et al., 2010).

Uma vez que a senescéncia celular é um processo fisioldgico que ocorre de forma a
controlar a replicagdo celular, tal processo envolve o desenvolvimento de diversas mudangas
citomorfoldgicas e também no material genético. Os telémeros sdo as por¢des finais da
molécula de DNA que compde cada cromossomo, e tem como funcdo proteger o0 DNA
codificador dos genes de agressdes ou mesmo da incorporacdo de DNA estranho proveniente
de outros organismos (KUILMAN et al., 2010).

A principal diferenca do DNA telomérico para o restante da molécula de DNA, que
contem 0s genes, é ser constituido por um DNA simples fita. Esta molécula de DNA
telomérica é composta por 100 a 1000 repeti¢cdes da sequéncia especifica TTAGGG. Como a
enzima DNA polimerase, sO é capaz de fazer a replicacdo do DNA eucariotico dupla-fita, a
molécula responsavel pelo alongamento e a manutengdo do telémero nas células embrionérias

é a enzima telomerase. Entretanto, esta enzima € inibida na maior parte das células adultas
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diferenciadas do organismo. Portanto, como a DNA polimerase ndo é capaz de copiar o trecho
final do DNA linear telomérico, em cada divisdo celular sdo perdidos aproximadamente 100
pares de base (pb) da regido telomérica. Deste modo, o telémero vai sendo encurtado até
chegar a um tamanho muito pequeno que serve como um sinalizador de inibicdo da divisao
célular. Por este motivo, o encurtamento telomérico é considerado o “relégio mitotico” das
células que desencadeia a sua senescéncia (HARLEY et al., 1990; BEN-PORATH e
WEINBERG, 2005).

Diferente das células diferenciadas, as CTs que sdo encontradas no organismo adulto
conseguem se autorreplicar e se manter indiferenciadas e ndo-senescentes ao longo da vida.
Entretanto, este processo faz com que o nimero destas células seja bastante reduzido nos
tecidos e 6rgdos. Quando existe a necessidade de reposicdo celular, ou mesmo regeneragdo
em decorréncia de alguma lesdo ou doenga, estas células sdo estimuladas a aumentar
rapidamente a sua proliferacdo e a se diferenciarem na linhagem celular necessaria. Uma vez
diferenciadas, o relégio mitdtico passa a contar e estas novas células comecam a envelhecer
como as demais ja diferenciadas (KANYON e GERSON, 2007).

O conhecimento do modo fisiolégico em que as CTs adultas regulam a sua
manutencdo ou a sua diferenciacdo passou a ser uma questdo de grande relevancia na ciéncia
moderna. Isto porque a quantidade de CTs obtidas de um tecido doador geralmente é bastante
reduzida. Deste modo, existe a necessidade de expansdo destas células em condi¢bes
laboratoriais, e da analise de indicadores da qualidade funcional das mesmas antes da
ocorréncia da sua transferéncia para o paciente (WAGNER et al., 2010).

Assim, apesar dos avancos relacionados a inducdo das CTs adultas a se diferenciarem,
se for considerado, por exemplo, 0 uso de CTs nas cardiopatias, 0 sucesso na regeneracdo
tecidual ainda é muito variavel de paciente para paciente (DOPPLER et al., 2013). Um dos
desafios a ser ultrapassado se relaciona ao fato de que, em condi¢bes in vitro as CTs
indiferenciadas passam a apresentar uma senescéncia prematura que nao é observada in vivo.
Esta condicdo ocorre mesmo que as CTs ndo sejam estimuladas a se diferenciarem. Portanto,
a senescéncia de CTMs, incluindo as ASCs, é um dos principais fatores que inviabiliza a
utilizacdo destas células como forma terapéutica na medicina regenerativa, pois para tal
finalidade é necessaria uma grande quantidade de células, o que obrigatoriamente faz com que
o cultivo celular seja mantido por longos periodos de tempo, para a aquisicdo da confluéncia e
do namero de células ideal ao tratamento (WAGNER et al., 2010).

O envelhecimento das ASCs, assim como das demais CTs, caracteriza-se pela

diminuicdo da capacidade de proliferacéo e diferenciacdo de tais células (PITTENGER et al.,



19

1999). Este problema é bastante complexo e de dificil resolucdo. Para tanto, os pesquisadores
precisam entender que estimulos estdo vinculados a modulacdo in vitro da proliferacao,
diferenciacdo e senescéncia das CTs. Neste sentido, o grande desafio contemporéneo é
descobrir que fatores causais aceleram a senescéncia e como estes fatores podem ser
modulados a fim de se obter células com alto poder regenerativo (WAGNER et al., 2010;
KUILMAN et al., 2013).

Evidéncias apontam que, o metabolismo oxidativo possui um papel fundamental na
regulacdo celular. InvestigacOes sobre o tema sugerem que procedimentos inadequados de
cultivo celular podem causar estresse celular, pois as células extraidas de um determinado
organismo e passadas para o cultivo necessitam de adaptacdo ao ambiente artificial, bem
como as condi¢des nutritivas e de oxigenacdo. Este estresse no qual as células sdo submetidas

pode induzir senescéncia prematura, inviabilizando os cultivos (SHERR e DEPINHO, 2000).

1.5 Metabolismo Oxidativo: papel na proliferacéo, diferenciacdo e senescéncia das CTs

Por muito tempo se acreditou que processos oxidativos nas células eram negativos e
deviam ser evitados através dos sistemas antioxidantes enddgeno e exdgeno. Entretanto, ao
longo dos ultimos anos esta concepcdo foi modificada, sendo observado os papéis do
metabolismo oxidativo em processos naturais do organismo (CHIU e DAWES, 2012). Muitos
dos processos que envolvem biomoléculas no organismo sdo dependentes de oxigénio,
fazendo com que o estado de oxidacdo seja fundamental para a manutencdo da homeostase, o
que conduz a geracdo de espécies reativas de oxigénio (EROs) e também de espécies reativas
de nitrogénio (ERNs) (WALLACE, 1999). Dentre estes, podem ser citados o anion
superoxido (O2"7), o peréxido de hidrogénio (H,O;) e o radical hidroxila (OH"), entre outros
(HAN et al., 2001; PIERRE et al., 2002).

A producdo destas moléculas ocorre, porque em termos bioquimicos, 0 metabolismo
oxidativo é um processo continuo no organismo aerobio principalmente em nivel
mitocondrial, mais especificamente na cadeia de transporte de elétrons (cadeia respiratoria),
relacionada a producdo energética, através da geracdo de adenosina-trifosfato (ATP), via
fosforilagdo oxidativa (KOURY et al., 2003). Entretanto, esta produgdo ocorre em uma
situacdo fisioldgica, que é regulada por um sistema antioxidante. Assim, o0 sistema

antioxidante possui por funcdo inibir a producdo em excesso de EROS e, por conseguinte 0s
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danos oxidativos. Estes séo divididos em antioxidantes enddgenos e antioxidantes exdgenos,
sendo estes ultimos adquiridos principalmente pela dieta (KOURY et al., 2003).

Dentre os antioxidantes ndo-enzimaticos pode-se citar o &cido ascérbico (vitamina C),
0 qual inibe a acdo dos LDL oxidado e protege contra a acdo dos EROs, acidos fendlicos,
resveratrol, catequinas, [3-caroteno (vitamina A), que protegem contra a lipoperoxidacao e
danos ao DNA, a-tocoferol (vitamina E), cobre (Cu), zinco (Zn), dentre outros (FITO et al.,
2007; RODRIGO et al., 2007). Ja quanto aos antioxidantes enzimaticos tem-se a superoxido
dismutase (SOD) que faz a conversdo do O,” em H,0,, a catalase (CAT) que converte 0 H,O,
em O, e H,0, e a glutationa peroxidase (GPx) a qual possui capacidade de reduzir o H,O, a
H.O (VICENT et al., 2007), como demonstrado na Figura 3.

Esta regulacdo do estado oxidativo da célula € muito importante uma vez que niveis
baixos de EROs, como a H,0, e o 6xido nitrico (NO) possuem um papel importante atuando
como sinalizadores celulares de proliferacdo, migracao, sobrevivéncia e diferenciacao através
da modulacdo de diversos tipos de genes (MORENO-SANCHEZ et al., 2007; SHAMI e
MOREIRA, 2004; CHIU e DAWES, 2012). Entretanto, quando as EROs encontram-se em
excesso e 0 sistema antioxidante enzimatico e ndo enzimatico ndo conseguem manter tal
equilibrio, se estabelece um fendmeno conhecido como estresse oxidativo que pode levar a
danos as células e tecidos corporais (MAK e NEWTON, 2001; OBAYAN, 2004; SHAMI e
MOREIRA, 2004).
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Figura 3: Acédo de enzimas antioxidantes e efeitos dos radicais livres.
Fonte: adaptado de Rosenfeldt e colaboradores (2013).
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O estresse oxidativo estd envolvido em varias doengas crénicas ndo-transmissiveis,
como por exemplo, a aterosclerose, a hipertensdo, as doengas neurodegenerativas, 0 cancer e
0 diabetes mellitus tipo 2. Nesta ultima, por exemplo, os radicais livres em excesso
influenciam de forma prejudicial na captacdo da glicose pelos tecidos musculares e adiposo,
além de diminuir a secrecdo de insulina (BROWNLEE, 2001; GREEN et al., 2004,
MADDUX et al., 2001; RUDICH et al., 1998).

Apesar das rotas metabdlicas de controle do metabolismo oxidativo serem similares
entre as células, a regulacdo deste metabolismo parece ser bastante diferenciada. Isto ocorre
porque existem diferentes condi¢gbes microambientais, incluindo componentes celulares e néo
celulares que modulam as células (ADAMS e SCADDEN, 2008; LAU et al., 2008; TROSKO
e KANG, 2010). A inducdo da producdo de EROS nas CTs é modulada por fatores de
crescimento, estimulacdo de citocinas, mudancas no metabolismo do oxigénio ou produgéo
energeética, estado da célula e diferenciacdo. Na recente revisdo feita por Urao e Ushio-Fukai
(2013) sobre a regulacdo redox das CTs e células progenitoras da medula dssea vermelha, os
autores enfatizam que a capacidade de diferenciacdo das CTs esta intimamente associada aos
niveis de H,O, das células. Na presenca de altos niveis de EROs estas células apresentam
grande capacidade de diferenciacdo, enquanto que em baixos niveis permanecem
indiferenciadas e assim, mantem a sua capacidade de autorrenovacgdo. Entretanto, se 0s niveis
de EROs se elevam muito, como ocorre em algumas doencas e disfun¢Ges, ou mesmo ao
longo do envelhecimento, esta condi¢cdo pode criar um microambiente oxidativo-inflamatorio
persistente, que induz as CTs ao dano celular e a apoptose.

Com base nestes conhecimentos, a exposicdo controlada de EROs nas CTs esta sendo
utilizado como um potencial indutor da proliferacdo in vitro com finalidade terapéutica. Por
exemplo, um estudo utilizando uma dosagem subletal de H,O, (200uM) observou um grande
aumento na capacidade proliferativa destas células sugerindo que a exposicdo de CTs a um
estado de estresse oxidativo agudo poderia ser uma ferramenta para expandir estas células na
terapia regenerativa (ZHANG et al., 2012).

Teoricamente a adi¢do de EROs para a expansdo in vitro das CTs poderia reduzir os
custos e aumentar a capacidade regenerativa das CTs. Entretanto, é preciso considerar que,
esta inducdo ndo-fisiologica pode acarretar danos genémicos que potencialmente poderiam
comprometer a qualidade das células produzidas. Além do mais, ndo se sabe se todas as CTs
adultas possuem a mesma suscetibilidade e/ou resisténcia ao aumento abrupto dos niveis de
EROs. Considerando este contexto se faz necessario determinar se 0 aumento dos niveis de

H.0O, ndo poderiam causar senescéncia e genotoxicidade nas ASCs.
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Outra questdo em aberto é se a exposi¢do aguda de ASCs senescentes a moléculas
antioxidantes poderia reverter este fenotipo. Este € um aspecto que ainda foi muito pouco
estudado, principalmente considerando o efeito de moléculas antioxidantes presentes em

frutos e vegetais.

1.6 O guarana como potencial modulador da senescéncia celular

A Paullinia Cupana (figura 4A), conhecido popularmente como guarana. O fruto
cresce no chamado guaranazeiro (figura 4B), que é uma espécie nativa da AmazOnia
brasileira, pertencente a familia Sapindaceae. Popularmente lhe sdo atribuidas propriedades
medicinais, estimulantes, energéticas e afrodisiacas. O Brasil € o Unico pais que produz o
fruto em escala comercial, com cerca de 4300 toneladas por ano (SEBRAE, 2012), o que tem
garantido o consumo do fruto, sob a forma da semente em pd, no Brasil e em outros paises
como Estados Unidos, Itdlia, Espanha, Inglaterra, entre outros. Assim, 0 guarand possui
importancia econdmica para o pais. Atualmente o guarana é comercializado em varias formas,
como em céapsulas gelatinosas, xaropes, bebidas energéticas, refrigerantes, entre outros
(KUSKOSKI et al., 2005; SCHIMPL et al., 2013).

Figura 4: Imagens da Paullinia cupana (guarand). (A) Frutos de guarana. (B) Guaranazeiro com frutos de
guarana. Fonte: EMBRAPA (2013); AGROEVENTO (2013).

Referente a constituicdo quimica da Paullinia cupana pode-se citar a presenca de

alcaloides, como teofilina, cafeina, teobromina, bem como terpenos, flavonoides e amidas,
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além de saponinas, gorduras, amido, colina e pigmentos. O guarana é considerado o fruto
mais rico em cafeina do mundo. Esta molécula bioativa apresenta-se em concentracfes
superiores cinco vezes maiores que o café e 30 vezes maior do que 0 cacau
(ALBUQUERQUE, 1991; BYDLOWSKI et al., 1991; EDWARDS et al., 2005; ESPINOLA
etal., 1997; HOWELL et al., 2005).

Evidéncias cientificas descreveram diversas propriedades bioldgicas do guarana, a
partir de estudos in vitro, em modelos experimentais e em seres humanos incluindo atividade
antioxidante, antiplaquetaria, anti-inflamatoria, energética, antitumoral, termogénica,
antiobesogénica, hipolipidica e na modulacdo neuro-cognitiva, antibacteriana e antifungica
(SMITH e ATROCH, 2010 e SCHIMPL et al., 2013).

A acdo antioxidante do guarana esta bastante relacionada a presenca de compostos
fendlicos que possuem o potencial de capturar EROs e outros radicais livres, assim
prevenindo doencas degenerativas, coronarianas e até mesmo o cancer (RICHELLE et al.,
2001; WATANABE et al.,, 2002). Além disso, foi evidenciado efeito protetor contra a
peroxidacdo lipidica de células adiposas (BASILE et al., 2005). Segundo estudo de Majhenic
e colaboradores (2007) como o guarand também possui concentracBes significativas de
catequina, epigalocatequina e epigalocatequina galato, dosados em extratos dos frutos, estas
moléculas podem estar contribuindo na acdo antioxidante e antitumoral deste fruto, o que o
torna de interesse farmacoldgico. Outros constituintes da composi¢do quimica da Paullinia
cupana, como teofilinas e teobrominas possuem acdo imunomodulatéria, efeito
broncoprotetor e atividade anti-inflamatdria (KUSKOSKI et al., 2005).

Um estudo epidemioldgico realizado por Costa Krewer e colaboradores (2011) em
idosos ribeirinhos do Amazonas descreveu que idosos que habitualmente consumiam guarana
apresentavam menor prevaléncia de algumas doencas cronicas associadas ao envelhecimento
como hipertensdo, diabetes, obesidade, dislipidemia e doencas cardiovasculares.

Com base nestas investigacdes, Bittencourt e colaboradores (2013) realizaram um
estudo in vitro utilizando uma linhagem comercial de CTs obtidas a partir de fibroblastos
(NIH-3T3). Neste estudo os autores realizaram uma exposicdo aguda das células ao
nitroprussiato sodico, que produz uma grande concentracdo de 6xido nitrico, e a diferentes
concentragOes de guarana. O guarana mostrou efeito protetor importante incluindo modulacéo
diferencial das enzimas antioxidantes. Estes resultados subsidiam a hipdtese que o guarana
poderia modular o0 metabolismo oxidativo das ASCs senescentes diminuindo ou até mesmo

revertendo a senescéncia destas células quando cultivadas in vitro.
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1.7 Justificativa

Diversas doencas cronicas e degenerativas vém sendo alvo de pesquisas para
aplicacBes clinicas com CTs a fim de para regenerar tecidos e 6rgdos, como uma forma de
obtencdo de beneficios mais eficazes. Tais patologias incluem a hipertensao, diabetes mellitus
tipo 2, doencas neurodegenerativas e 0 cancer.

Como sintetizado na Figura 4, estudos sobre a biologia das CTs demonstraram que em
condicBes in vivo estas células possuem capacidade de permanecerem indiferenciadas e se
renovar até serem estimuladas a diferenciacdo. Uma vez que ocorra este processo de
diferenciacdo, a senescéncia celular também ¢é estabelecida. As investigacdes sugerem que, 0
metabolismo oxidativo tem um papel fundamental neste processo. CTs indiferenciadas
possuem baixos niveis de EROs e outros radicais livres enquanto que as CTs induzidas a
diferenciacéo inicialmente proliferam via aumento dos niveis de EROs, em especial da H,0,.
Entretanto, esta condicdo geral ndo é mantida quando as CTs sdo cultivadas in vitro. Em
cultivo, estas células, ainda que ndo diferenciadas, entram em senescéncia replicativa o que é
indesejavel.

Com base no conhecimento de que na terapia regenerativa existe a necessidade do
transplante de um grande namero de CTs, alguns autores sugerem que a exposicao aguda a
H,O, pode ser um método de rapida expanséao das células. Porém, € possivel que tal exposi¢cdo
acelere a senescéncia celular e também cause efeitos de genotoxicidade. Estas duas situaces
contribuem muito para a diminuicdo da qualidade das células obtidas quanto ao seu potencial
regenerativo também aumentando o risco de desenvolvimento de células tumorais.

Uma vez que ASCs obtidas de lipoaspirados humanos sdo células com grande
potencial de uso clinico nas terapias regenerativas, o presente estudo buscou investigar a
sensibilidade destas células a exposicdo aguda ao H,O, através da analise da viabilidade, de
parametros do estresse oxidativo e da genotoxicidade. Além disso, considerando o estudo
prévio de Bittencourt e colaboradores (2013) que sugeriram ser 0 guarana um modulador do
estresse oxidativo de CTs fibroblasticas, este estudo também avaliou se o guarana poderia agir
beneficamente em ASCs senescentes estimulando a sua proliferagio e melhora no

metabolismo oxidativo.
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Figura 4: Esquema geral da biologia das células-tronco (CTs) adultas. (A) Em condigBes in vivo as células se
autoduplicam e se mantem em estado indiferenciado. A concentracéo destas células nos tecidos € bastante baixa.
Quando estimuladas, principalmente em situagdes que ocorrem injdrias que aumentam o metabolismo oxidativo-
inflamatorio estas células proliferam rapidamente e se diferenciam. Uma vez diferenciadas o processo de
senescéncia celular é estabelecido. (B) Em condigdes in vitro as células se proliferam mesmo estando
indiferenciadas. Entretanto, elas passam a envelhecer. Na presenca de niveis elevados de EROs como a H,0,
pode ocorrer senescéncia celular prematura e danos no DNA.
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1.8 Objetivos

1.8.1 Objetivo Geral

Em células tronco mesenquimais adiposas (ASCs), obtidas a partir de lipoaspirados
humanos, avaliar o efeito cito-genotoxico da exposi¢do aguda ao peroxido de hidrogénio em
células ndo senescentes e da exposicdo ao extrato hidroalcodlico de guarana em células

senescentes.

1.8.2 Objetivos Especificos

A partir de ASCs ndo senescentes isoladas de lipoaspirados humanos avaliar os efeitos
da exposicéo aguda a diferentes concentracao de H,O; na:
o Citotoxicidade;
o Ativacdo da via das caspases;
o Metabolismo oxidativo, incluindo balanco oxidativo geral e danos de
lipoperoxidagéo;

o Genotoxicidade.

Determinar o padréo de senescéncia das ASCs em condic@es de cultivo in vitro através
da anélise da taxa de proliferacéo celular;
Determinar o efeito do extrato hidroalcdolico do guarana em ASCs senescentes
através da analise da:
o Modificacao da proliferacéo celular;
o Modulacdo de indicadores de estresse oxidativo (lipoperoxidacao,
carbonilacdo de proteinas e genotoxicidade);
o Modulacdo da atividade e da expressdo génica das enzimas

antioxidantes.
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2 RESULTADOS

Os resultados obtidos neste estudo estdo organizados sob a forma de dois manuscritos
cientificos. O primeiro contempla a analise do efeito agudo do H,O, nas ASCs ndo
senescentes e 0 segundo contempla a determinagdo do padréo de senescéncia das ASCs e 0
efeito do guarana sobre este fenébmeno.

Manuscrito 1

Titulo: Human adipose-derived stem cells obtained from lipoaspirates are highly

cytogenotoxic susceptible to hydrogen peroxide.

Autores: Alencar Kolinski Machado, Francine Carla Cadond, Sabrina Guastavino Homrich,
Cintia Corte Real Rodrigues, Verbnica Farina Azzolin, Marta Maria Medeiros Frescura
Duarte, José Raul Pinto Saldanha, Luana Lenz, Thais Doeler Algarve, lvana Beatrice Manica
da Cruz.

Revista: Mutation Research: Fundamental and Molecular Mechanisms of Mutagenesis.
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Abstract

Some evidences suggested that H,O, can induce the proliferation, migration, and
regenerative potential on adult mesenchymal stem cells, as well as on adipose-
derived stem cells (ASCs). That could be useful to ASCs expansion in the
therapeutic applications. However, the H,O, could cause premature senescence, in
addition to DNA damage predisposing the cells to malignant transformation.
Therefore, the present study evaluated the acute cytotoxic, oxidative and genotoxic
effects of different concentrations of H,O, on ASCs obtained from human
lipoaspirates. After the lipoaspirate ASCs were obtained, isolated and cultured,
these cells were treated with concentration by 1-1000 yM of H,O, during two hours.
The cell viability was evaluated by cell culture-free double-strand (ds) DNA
determination using DNA®picogreen dye; apoptosis induction was analyzed from
immunoassay measure of caspases 1, 3 and 8 levels; the analysis of oxidative stress
in biochemical markers as well as the genotoxic effect by DNA Comet assay were
also performed. All concentrations increased the cell mortality occurring 100% of
mortality at > 200 yM H,O,. The levels of 1, 3 and 8 caspases, ROS, lipoperoxidation
increased in a dose-dependent way in cells treated with < 200 yM H202. The
catalase levels also increased approximately 50% in cells exposed to H,O, when
compared to the control group. H,O, concentrations > 10 uM were genotoxic when
compared to control group. The results suggest that ASCs obtained from processed
human lipoaspirates are highly sensitive to H,O, exposition and the survived cells
might present important DNA damage that could affect its proliferative and

differentiation capacity.

Key-word: adults stem cells; genotoxicity; oxidative stress; lipoaspirates; cytotoxicity.
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1 Introduction

The embryogenesis is triggered by the differentiation of stem cells into several
body tissues. However, during all life, the body also maintains, special cells that have
self-renew capacity as well as potential to proliferate and differentiate in specialized
cells to replace tissues with a high rate of replacement or to regenerate damaged
areas. Most cells are originated of mesenchymal strome named adult mesenchymal
stem cells (MSCs) [1].

Some tissues, as processed lipoaspirates, present cells with great similarity to
MSCs including the capacity to differentiate into bone, fat, muscle, cartilage cells,
cardiomocytes, periodontal tissue, neurogenic, endothelial, and other lineage
pathways. These cells are identified as a type of adipose-derived stem cells or ASCs
[2]. So, the potential ASCs differentiation to multi-lineage becomes these cells
potentially useful for tissue and cell replacement therapy [3].

However, despite the large quantity of lipoaspirates ASCs, the achievement of
adequate cell concentration is necessary, using in vitro expansion of these cells.
Previous evidences have suggested that reactive oxygen species (ROS) at low levels
may play a pivotal role as second messengers and they can also induce the
proliferation, migration, and regenerative potential of ASCs [4,5].

Theoretically, the addition of a ROS donor may reduce the costs for the
expansion of ASCs in culture, while ROS preconditioning may potentially enhance
the regenerative capacity of ASCs in clinical application. Then, if ROS is harmful or
beneficial to ASCs is primarily an issue of dosage.

Additional studies also showed that H,O, preconditioning treatment is able to
enhance the therapeutic efficacy of some stem cells in regenerative processes as
described in Zhang et al [6] in a study that used the Wharton’s Jelly mesenchymal
cells in the neovascularization of mice with an H,O,myocardial infarction at 200 yM
concentration [6]. Robaszkiewicz et al [7] described the role of H,O5 in the induction
of MSCs osteogenic programs. The exposition presented procalcifying effect and
inhibitory regulation of the general antioxidant enzymes, catalase and GPX. In this
process, it increased the level of H,O, caused by upregulation of NADPH oxidases

enzymes.
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However, differently from embryonic cells, adult MSCs exhibit limited
proliferative potential in vitro, the so-called Hayflick limit, and studies described that
those high levels of H,O, can induce this senescence process. This is the case of the
investigation performed by Burova et al [8] that exposed endometrium-derived
mesenchymal stem cells (hnMESCSs) to 200 and 900 pM H,0,. As a consequence, the
survived cells lost irreversibly their proliferative capacity.

Other limiting factor in the use of H,O, to MSCs induction is related to potential
genotoxic effect of high levels of ROS in these cells. This fact can be considered as a
potential contraindication for H,O, therapeutic applications in human procedures.
Even though there are no studies about the effect of H,O, in genotoxic response of
MSCs, this type of study is relevant because it is necessary to consider not only the
efficacy of a treatment, but also its security especially when dealing with the use of
ROS. Therefore, the present study developed in vitro protocol in order to test the
effect of H,O, at different concentrations on acute cito-genotoxicity and oxidative

stress using ASCs obtained from human lipoaspirates.

2 Material and Methods

2.1 Isolation and stem cells culture

Human adipose tissue was collected from patients who were undergoing
elective liposuction surgery at the Unimed Hospital (Santa Maria, RS, Brazil). The
protocol were reviewed and approved by the Federal University of Santa Maria
Ethics Committee Board (23081.015838/2011-10). The tissue was collected from
three female patients aged from 30 to 55, with an average age of 45+7. ASCs were
isolated following the protocol described by Buehrer and Cheatham [9]. Briefly, the
lipoaspirate was initially washed three times with PBS buffer (pH 7.4) to eliminate
blood cells and, after that, it was digested for 20 min in 0.075% collagenase | at
37 °C. The resulting suspension was centrifuged at 2000 rpm to obtain an ASC-rich

pellet. The new cell pellet was resuspended in growth media (DMEM/F12 plus 10%
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Fetal Bovine Serum, 100 1.U. penicillin, and 100pg/mL streptomycin) and it was
passed through a 40um cell strainer. The remaining cells were plated on standard
tissue made of culture plastic and they stayed overnight at 37°C and 5% CO,. After
24 hours, the non-adherent cells were removed with two rinses with 1x PBS, and
then serially passaged at 70% confluence. Growth media was changed every 3—4
days. At the forth passage cell, waste of blood and fat were no longer present, and

present only ASCs, which remained adhered to the bottle (Figure 1).

Figure 1 here

2.2 H,O, Exposition

The ASCs were treated similar to what described in Zhang et al [6], however
using eight H,O, concentrations (1-1000 uyM). The samples were treated in 96-well
plates (2.5X10° cells/mL in each well). After incubation, the samples were centrifuged
for 10 min at 2000 rpm, the supernatant were isolated and the cells were suspended
in DMEM culture medium to procedure all analysis.

Since the ASCs were exposed to high H,O, concentrations that cause acute
toxicity, the cell viability were evaluated by cell culture-free double-strand (ds) DNA
determination. In addition, it was analyzed apoptosis induction from measure of
caspases 1, 3 and 8 levels, biochemical markers of oxidative stress as well as the
genotoxic effect using DNA Comet assay. All biochemistry assays were measured
using SpectraMax M2/M2e Multi-mode Plate Reader; Molecular Devices Corporation
(Sunnyvale, CA, USA) equipment. All results obtained from these analyses were

expressed as percentage of dsDNA in relation to untreated control samples.

2.3 Cell culture-free dsDNA assay

To evaluate the acute H,O, cytotoxic effect on ASCs, the presence of dsDNA
in supernatant was determined, using Quant-IT™ PicoGreen® ds DNA kit (Invitrogen
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- Life Technologies) as manufactures instructions. When the cell dies, the membrane
is disrupted and dsDNA fractions are released into the extracellular medium. The
DNA PicoGreen® dye presents high affinity with the dsDNA and is able to quantify
the dsDNA released. In relation to the dsDNA, it was measured by using 50uL of the
sample and 50uL of the DNA Picogreen® dissolved in TE buffer, 1X (1:1; v.v),
following the incubation by 5 minutes in dark room. The fluorescence was measured

at an excitation of 485 nm and an emission of 520 nm recorded at room temperature.

2.4 Caspases Determination

The levels of caspases 1, 3 and 8 of ASCs treated with H,O, were determined
by ELISA immunoassay and using Quantikine Human Caspase Immunoassay® kit

and following the manufactures instructions.

2.5 ROS quantification Dichlorofluorescein diacetate assay

The reactive species oxygen (ROS) into the cells was determined by using
dichlorofluorescein diacetate assay (DCFH-DA) as described in Ahn et al [10]. In this
assay, DCFDA is hydrolyzed by intracellular esterases to DCFH, which is trapped
within the cell. This non-fluorescent molecule is then oxidized to fluorescent DFF by
cellular oxidants. To perform the measure, the sample cells were treated with DCFDA
(10uM) for 60 min at 37°C and the fluorescence was measured at an excitation of

488 nm and an emission of 525 nm.

2.6 Biochemical oxidative markers assays

The lipid peroxidation was performed by measuring the formation of
thiobarbituric acid reactive substances (TBARS) as described in Ohkawa et al [11].
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Total blood SOD (E.C.1.14.1.1) activity was measured spectrophotometrically
according to Boveris and Cadenas [12]. One unity of activity is defined according to
the amount of enzyme required to inhibit the rate of epinephrine autoxidation by 50%.
Catalase activity (EC 1.11.1.6) was determined according to Aebi [13]. One unit of
catalase activity was defined as the activity required degrading 1 umol of H,O; in
60s.

2.7 The alkaline single cell gel electrophoresis assay

To detect the DNA damage, we performed the well-known comet assay, first
conducted as Singh et al [14] with modifications from Nadin et al [15]. Such samples
were placed on slides containing low melting agarose and, after that, they were
submitted to cellular lysis, for each sample two slides were prepared. Then,
electrophoresis was performed, as well as the staining with silver nitrate. After all the
process, 50 cells were read by two analysts considering that the larger the size of the
DNA drag is, the larger the increase cell damage gets. Thus, the damage index was

calculated from the equation: x.(n°0)+x.(n°1)+x.(n°2)+x.(n°3)+x.(n°4).

2.8 Cell morphology evaluation

The analysis of ASCs morphology after H,O, exposition was evaluated by
optical microscopic visualization. The sample were centrifuged at 2000 rpm for 10
minutes and the cell pellet were suspended in fixative solution (ethanol: methanol,
1:1, v:v). Then, the material was transferred to microscope slides and after drying,
using Giemsa dye, the cells of each treatment were microscopically analyzed at 40X

magnification.

2.9 Statistical Analysis
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The results among treatments were compared by one way, ANOVA analysis of
variance, followed by post hoc Tukey test using Graphpad Prism 5 software. The
results were expressed as mean * standard deviation. The p < 0.05 were considered
significant.

3 Results

The acute effect of H,O, exposition on ASCs viability was investigated and the
results are presented in Figure 2. After two hours of H,O, exposition, all
concentrations increased the cell mortality when compared to the untreated control
group. At 1-10 uM 29.7+ 9.3% of cells died, whereas cells exposed at 30-100 yM the
mortality increased to 52.9 + 8.4%. In the present study, 91.1+ 13.3% ASCs cells
exposed to 200 uM H,0, died when compared to control group, occurring 100% of

mortality in concentrations > 200 yM H;O,.

Figure 2 here

The 1, 3 and 8 caspase levels were quantified as an indication of triggering of
cellular apoptosis induced by H,O, A significant increase in these proteins was
observed in the cells which were exposed to all H,O, concentrations when compared
to the untreated control group. The increase in caspases levels tended to be

concentration-dependent (Figure 3).

Figure 3 here

As expected the ROS and TBARS levels increased in a dose-dependent way
when the cells were exposed to H,O, (Table 1). The catalase levels also increased
approximately 50% in the cells exposed to H,O, when compared to the control group.

However, this effect was not dose-dependent .The cells exposed to 1 yM H,0-



37

presented an intense SOD total activity. Nevertheless, this activity decreased from >

3 UM concentrations, mainly in 10, 30 and 100 pM.

Table 1 here

Cells exposed to > 200 uM H,O, concentrations presented high level of
membrane disruption and loss of cytoplasmic prolongations that are characteristic of
mesenchymal like-cells as ASCs. Many cells wilted indicating loss of water into the
extracellular medium (Figures 3 A, B).

In lower H,O, concentrations (< 3 uM) was not detected genotoxic effect when
compared to the untreated control group. However, this result was completely altered
in concentrations > 10 uM (Figure 4). In the higher concentrations the damage index
increased about 30% when compared to the control group. The frequency of nucleus
cell without damage in untreated group was estimated to be 55.76%. This value
decreased to 36.5% at 1 yM and 24.8% at 3 uM. From 10 uM H,O, concentration the

frequency of cells with no DNA (damage 0) was 19.5% of analyzed sample.

Figure 4 here

4 Discussion

The present study evaluated the effect of different H,O, concentrations on
cito- and genotoxicity of ASCs obtained from human processed lipoaspirates. Cells
exposed to > 200 uM concentration showed higher mortality, whereas cells exposed
to > 10 uyM concentrations showed increase mortality as well as DNA damage
indicating genotoxicity. Extensive occurrence of DNA damage was observed in
approximately 80% of cells exposed to H,O, doses which were tested in this study.
The oxidative stress caused by H,O, exposition in the concentrations here analyzed
was also confirmed from analysis of biochemical markers (Table 1). In addition, the
acute cytotoxic effect of H,O,, survived cells also presented increase in caspases 1,

3 and 8 that indicate the future occurrence of apoptosis.
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When occurred genotoxic effects leading to DNA double-strand breaks,
differentiate cells activate, at least, three DNA damage response programs in order
to preserve the genome integrity and prevent malignant transformation: DNA repair,
apoptosis or senescence. On the other hand, recent studies in normal and cancer
precursor, or stem cells, have suggested that cell stress with genotoxic effect are
able to induce differentiation processes [16].

The evidence of the ROS as H,O, are able to induce MSCs differentiation
opened the possibility to use these molecules in protocols applied to clinical
therapies. However, the ROS dosage used to induce cellular differentiation programs
is a central issue that needs to be determined by each SC type [4]. Until recent
years, H,O, was considered a destructive ROS molecule. This view changed when
several studies observed H;O, capacity to act as cell signalizing, mainly through
oxidation of specific target molecules [17-19][5].

Therefore, the increase in the ROS levels has being described as a key
inducer of MSCs proliferation and differentiation, which are important steps to
regeneration of tissues and organs [1]. Previous studies demonstrated that in low
level of endogenous H,O, the MSCs remain in a quiescent state, while exposed to a
higher level of H,O, occur induction of cell growing and the differentiation state that
includes senescence processes, leading to a premature exhaustion of self-renewal
in these cells [20, 5]. Furthermore, in high concentrations these oxidation processes
may lead to irreversible damage, followed by cell death [21], as well as to cellular
senescence [8].

However, citotoxicity and DNA damage produced by H,O, exposition are more
or less intense according to type of cell line [22]. It seems like that ASCs from human
processed lipoaspirates are very sensitive to H,O,. The present study showed that
H,O, exposition causes acute cito- and genotoxicity in ASCs occurred from 10 uyM
concentration. This minimal H,O, dose is 20 times less concentrated than the one
used by Zhang et al [6] to stimulate the SCs proliferation and differentiation of
Wharton’s Jelly mesenchymal stem cells. Unfortunately, comparative studies to
evaluate the effect of H,O, in different MSCs and ASCs in similar experimental
conditions were not performed, yet. That is probably explained by the difficulty to
obtain these cells at the same time and at the same sample of subjects.

All the results published in the literature, as described in the present

investigation, suggest which survival cells obtained from high H,O, exposition can
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present an oxidative stress resistance and can have a poor genome quality. This
condition is similar to observed in cancer cells and it can be related to some
situations which SCs can be involved in tumors development and not differentiate
tissues as expected [23]. In general, cancer cells exhibit an accelerated metabolism,
demanding high ROS concentrations to maintain their high proliferation rate [24].

In this regard, and considering the results already described, the genotoxic
stress-induced by H,0,, even though it is a potential co-activator of cellular
differentiation programs, it can also produce differentiated cells with deleterious or
impairment genetic alterations. Consequently, these genetic alterations may
compromise the expected regenerative results of cells oxidative stress-induced.
Unfortunately, the number of studies involving analysis of H,O, genotoxic effect on
MSCs is still low. Therefore, we suggest that studies involving use of H,O, as
potential differentiation inducer, also include concomitant protocols to evaluate the
DNA damage effect on survived cells, mainly considering ASCs obtained from

processed human lipoaspirates.

5 Conclusions

The results obtained here suggest that ASCs obtained from processed human
lipoaspirates are highly sensitive to H,O, exposition and the number of healthy ASCs
H,O»-induced, which could be potentially used in the regenerative processes, is very
low. In addition, the survived cells may present important DNA damage that could
affect its proliferative and differentiation capacity.
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Figure Legends

Figure 1 Adipose-derived stem cells (ASCs) obtained from human lipoaspirates at
400X of magnification. (A) ASCs and waste drop fat (dp) are observed in the
processed lipoaspirates samples; (B) ASCs monolayer adherent cells with
morphology similar to fibroblasts.

Figure 2 Citotoxity of Adipose-derived stem cells (ASCs) obtained from human
lipoaspirates treated to different H,O, exposition concentrations. (A) Living cell
morphology modification analyzed by optic microscopy (x 400 magnification); (B)
Cells exposed to H,O, showing nucleus fragmented and membrane blebbing; (C)
Cell mortality estimated from culture cell-free dsDNA assay by fluorimetric analysis
with DNA®Picogreen dye. Data are presented as % of untreated control group.
Different letters indicated significant differences (p < 0.05) by one-way analysis of
variance followed by Tukey post hoc test.

Figure 3 Caspases levels of adipose-derived stem cells (ASCs) obtained from
human lipoaspirates treated to different H,O, exposition concentrations. (A) Caspase
1; (B) Caspase 3, (C) Caspase 8. Different letters indicated significant differences (p
< 0.05) by one-way analysis of variance followed by Tukey post hoc test.

Figure 4 DNA damage index of adipose-derived stem cells (ASCs) obtained from
human lipoaspirates treated to different H,O, exposition concentrations determined
by DNA Comet Assay (from O when all cells with no migration to 400 cells with
maximal migration). Different letters indicated significant differences (p < 0.05) by
one-way analysis of variance followed by Tukey post hoc test.
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Table 1 Oxidative metabolism parameters of Mesenchymal Stem Cells (MSCs)

obtained from human lipoaspirates exposed to diferent H,O, concentrations.

H202 Concentration (M)
0 1 3 10 30 100 200
ROS 1003 £7.52 106.0 £+97°> 1088+119° 1668 £235°c 1651 +220° 1858 +3139 3683 +11.1¢
TBARS 1004 £532 3054+1800 6563+407c 7763+4079 B8382+286¢ O150+9067 18230+ 3529
CAT 1001 £3.32 1523+115% 1515+1050 1541+88Pb 1593 +1080 1563 +7.6°b 156.3 +7.6°
50D 1000 £1.52 2117+2580 899+08¢ 22.1+35d 249+28d 305+6.3d 3412+ 4 6d

Data are presented as percent of control group; ROS= reactive oxygen species determined
by DCFH-DA assay; CAT = catalase; SOD= superoxide dismutase. Different letters indicate
statistics significant differences using oneway analysis of variance followed by Tukey post

hoc test at p<0.05.
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Abstract

The process of cellular senescence is a limiting factor for the cell expansion of
mesenchymal stem cells, as adipose-derived stem cells (ASCs) often making
unviable for use in clinical practice. Natural products supplementation could to delay
the ASCs senescence. Therefore, the present study evaluated the effects of guarana
(Paullinia cupana) supplementation in senescent ASCs obtained from human
lipoaspirates. ASCs cells were isolated and cultured with peal every 3-4 days and the
cell proliferation was accompanied in all passage by MTT assay until occur significant
decrease in growing when compared to 1% passage (220%). The ASCs senescent
cells were treated with 1, 5, 10 and 20 mg/mL of hydro alcoholic guarana extract and
the proliferative state was measured after 72 h of exposition by cell culture-free
double-strand (ds) DNA determination using DNA ® Picogreen dye. The guarana
concentration with better proliferative effect was used to available the general
oxidative state, the genotoxic effects by comet assay, and also was available the
modulation of the treatment in the activity and expression of antioxidant enzymes
superoxide dismutase (SOD), catalase (CAT) and glutathione-peroxidase (GPx). The
results showed that at 8" passage occurrence of a significant decrease in the cells
growing, and these cells exposed to guarana at 5mg/mL concentration improved the
cellular proliferation with increase of 79.1 + 15.7% when compared to untreated cells.
This concentration decrease general oxidative stress and DNA damage when
compared with untreated ASCs. The total SOD activity was decreased as well as
occurred down regulation of SOD1 gene expression. On the other hand, the guarana
extract up regulated the CAT gene increasing the activity of this enzyme. The results
suggest that the guarana exposition can reverse the senescence in the ASCs
modulating the activity and expression of antioxidant enzymes that catalyze H,0O,

without cause additional oxidative stress or DNA damage.
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1 Introduction

In general, human cells present replicative senescence, also named cellular
aging that is characterized by several biological changes leading to state of
permanent growth arrest [1,2]. Adult mesenchymal stem cells (MSCs) that are
multilineage somatic of stem cells capable of trilineage mesodermal differentiation
into osteoblasts or adipocytes or chondrocytes and immunomodulatory properties.
They also present senescence after in vitro expansion, characterized by declines of
proliferative and differentiation capacities [3].

The MSCs senescence is a limiting factor in the use of these cells in
regenerative therapies since there is necessity to increase the MSCs number to get a
successful clinical use [4]. This phenomenon appears to be universal independent of
MSCs to be obtained from embryonic or adult tissues.

The in vitro protocols identified two types of cellular senescence: one is
telomere-dependent and the second is stress-induced premature senescence
(SIPS). Therefore, the modulation of cellular senescence is considered as a potential
pro-longevity strategy [5]. Many reports have suggested that cellular oxidative
imbalance that leads to accumulation in intracellular ROS is related to senescence
MSCs [6]. Whereas low levels of ROS, mainly H,O, induce proliferation and
differentiation of MSCs. On the other hand survived cells exposed to high levels of
H.O, present irreversible loss in their proliferative capacity [7].

Many nutritional compounds present in functional foods have important
properties that could act positively in MSCs. However, there are few studies
investigating the effect of foods and some bioactive molecules on MSCs. Bickford et

al [8] investigated the effect of some foods as green tea that is rich in catechins and
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caffeine on human bone marrow cells. The authors showed that combinations of
nutrients and human granulocyte-macrophage colony-stimulating factor (hnGM-CSF)
promote cellular proliferation. Other investigation showed that adipose-derived stem
cells (ASCs) treated with caffeine < 0.3 mM enhancing differentiation to osteoblasts
whereas higher doses present inhibitory effect on osteoblasts differentiation [9].

Therefore, is relevant to determine the potential effect of food extracts on
MSCs biology and senescence. Guarana (Paullinia cupana), a Brazilian Amazonian
fruit commonly used in energy drinks, since is very good source of caffeine [10] and
several studies suggest its functional properties in multiple biological functions.

Investigations performed by independent research groups have suggested
that guarana present a broadly and diverse properties including antioxidant [11,12],
antimicrobial [12], antiplatelet aggregation [13], anti-obesogenic [14], modulation of
lipid metabolism [15,16]; antimutagenic and anticarcinogenic [17] effects as well as in
vitro and in vivo immunomodulation effects on human peripheral blood mononuclear
cells (PBMCs) decreasing proinflammatory cytokines IL-1B, IL-6 and Ig-y and
increasing IL-10 levels [18].

Guarana also presents anti fatigue effect in breast cancer patients and
patients with solid tumors undergoing to systemic chemotherapy [19,20]. Multivitamin
supplements formulated with guarana also seem to act on neurofunctions as
cognitive performance improvement and mental fatigue [21], increasing brain
activation areas associated with working memory and attentional processing [22].

Despite the apparent low toxicity of guarana and its beneficial action, a recent
investigation performed by Zeidan-Chulia et al [23] that evaluated the morphological
and biochemical in vitro effects of main compounds used in energetic drinks on

human neuronal SH-SY5Y cells showed that high guarana exposition determined
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signs of neuritis degeneration and apoptosis suggesting that, in healthy cells the
excessive removal of intracellular reactive oxygen species could generate an
“antioxidant stress state” causing cytotoxicity.

At contrary, embryonic fibroblast NIH-3T3 cells concomitantly exposed to high
oxide nitric (ON) levels caused by degradation of sodium nitroprusside (SNP) showed
important protective guarana effect involving differential modulation of antioxidant
enzymes, mainly increase of superoxide dismutase (SOD) enzyme activity [24].

In this context, a question that needs to be answered is if guarana has some
effect on biology and senescence MSCs markers. Therefore, the present study
analyzed the effect of hydro-alcoholic extract guarana on senescent adipose-derived

stem cells (ASCs) obtained from human lipoaspirated adipose tissues.

2 Material and Methods

2.1 Isolation and ASCs culture and cell passages

Human adipose tissue was collected from patients undergoing to elective
liposuction surgery at the Unimed Hospital (Santa Maria, RS, Brazil). The protocol
was approved by the Federal University of Santa Maria Ethics Committee Board
(23081.015838/2011-10) and donators signed consent term. Tissue was collected
from three female patients ranging in age from 30 to 55, with an average age of
45+7. ASCs were isolated following a protocol described by Buehrer and Cheatham
[25]. Briefly, the lipoaspirate was initially washed three times with PBS buffer (pH
7.4) to eliminate blood cells and digested for 20 min in 0.075% collagenase | at

37 °C. The resulting suspension was centrifuged at 2000 rpm during 10 minutes to
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obtain an ASC-rich pellet. The new cell pellet was resuspended in growth media
(DMEM/F12 plus 10% Fetal Bovine Serum, 100 I.U. penicillin, and 100ug/mL
streptomycin) and passed through a 40um cell strainer. The remaining cells were
plated on standard tissue culture plastic overnight at 37°C and 5% CO,. After 24 h,
the non-adherent cells were removed with two rinses with 1x PBS, and then serially
passaged at 70% confluence. Growth media was changed every 3—4 days. The cell
proliferation was determined in each cellular passage until occur significant decrease
in growing when compared to 1% passage. The senescent stage was determined
when the ASCs proliferation decreased > 20% when compared to 1% cellular
passage. In this moment, was performed the experiment to observe the potential

guarana effect on ASCs proliferative state.

2.2 Guarana hydro-ethanolic extract and treatments

The hydro-ethanolic guarana extract used in the present study was the same
prepared and described in Bittencourt et al [24], which was lyophilized and stored at
— 20° C until to be used in the experiments described here. The authors obtained the
extract using 70:30 alcohol and water to 100 mL of extraction fluid prepared at a
concentration of 300 mg/mL. After 21 days, with weekly filtering, the preparation was
centrifuged at 3000 RPM to 10 minutes, and the supernatant was isolated. The
resulting solution was filtered, the ethanol removed using a rotary evaporator at
reduced pressure, 25°C at 115 rpm. Further, the extract was lyophilized and the
caffeine, theobromine and catechin were determined by chromatographic analysis

with detection by UV absorbance at 272 nm on an HPLC system. The caffeine
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content was estimated to be 12.240 mg/g, theobromine = 6.733 mg/g and total
catechins = 4.336 mg/g.

The senescent cells were treated with guarana extract at same concentrations
of 1, 5, 10 and 20 mg/mL used by Bittencourt et al [24] which evaluated the guarana
effect on embryonic fibroblasts (NHI-T3T) exposed to higher nitric oxide. After 72
hours the cell proliferation was determined as well as the viability since guarana
could present some cytotoxic effect due antioxidant stress as described by Zeidan-
Chulia et al [23]. The guarana concentration with better effect on ASCs proliferative
state was used to determine the effect on cell oxidative metabolism compared to

cells in the same passage without guarana supplementation.

2.3 Senescence analysis by cell proliferation assay and ASCs morphological

evaluation

The in vitro proliferative capacity displays three phases: phase |,
corresponding to a period of little proliferation before the first passage, during which
the culture establishes; phase Il, characterized by rapid cell proliferation; and phase
I, during which the proliferation gradually grinds to a complete halt [26]. Therefore,
the cell proliferation in each passage was determined using MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay, as described by
Mosmann [27], briefly cells/well treated were incubated for 4 h with MTT reagent.
After formazan salt was dissolved with dimethylsulfoxide (DMSO), absorbance was
measured at 570 nm. To confirm the reaction, before DMSO addition the cells were
photographed to observe visually the formazan crystals. The absorbance was

measured in micro plate reader. The cell viability observed in each treatment was
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expressed as a percentage of the control absorbance value. Since the MTT assay
presents some limitations that can overestimated the proliferative effects of extracts
rich in polyphenols before the analysis the cells were centrifuged at 3000 rpm for 3
minutes, the supernatant discarded and the cells were resuspended in PBS buffer.
ASCs present morphology with similar fibroblast pattern. Therefore, the
senescent cells present loss their original fibroblastic shape acquiring a flattened
morphology, characterized by larger cells, occurrence of many vacuoles in cytoplasm

and bigger nucleus [28].

2.4 Cell viability assay

To determine if guarana cause some cytotoxic effect on ASCs, the dead cells
were quantified to presence of dsDNA in supernatant. When a cell dies, the
membrane is disrupted and dsDNA fractions are released into the extracellular
medium. As DNA PicoGreen® dye presents high affinity with the dsDNA and is able
to quantify the dsDNA released, the Quant-IT™ PicoGreen® ds DNA kit (Invitrogen -
Life Technologies) was used to perform the dsDNA determination following
manufacture instructions. To dsDNA was measured using 50uL of the sample and
50uL of the DNA Picogreen® dissolved in TE buffer, 1X (1:1; v.v), following the
incubation by 5 minutes in dark room. The fluorescence was measured at an

excitation of 480 nm and an emission of 520 nm recorded at room temperature.

2.5 Oxidative stress biomarkers assay
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Three assays were performed to determine the oxidative stress in senescent
ASCs cells with and without guarana supplementation: intracellular ROS,
lipoperoxidation and protein carbonylation.

The quantification of ASCs intracellular ROS was determined using
dichlorofluorescein diacetate assay (DCFH-DA) as described by Ahn et al [29]. In this
assay, DCFH-DA is hydrolyzed by intracellular esterases to DCFH, which is trapped
within the cell. This non-fluorescent molecule is then oxidized to fluorescent DFF by
cellular oxidants. To perform the measure the sample cells were treated with DCFH-
DA (10uM) for 60 min at 37°C and the fluorescence was measured at an excitation of
488 nm and an emission of 525 nm.

To evaluate the oxidative state of senescent ASCs the lipoperoxidation as well
as protein carbonylation were spectrophotometrically determined. Lipoperoxidation
was quantified by measuring the formation of thiobarbituric acid reactive substances
(TBARS) as described in Ohkawa et al [30] and protein carbonyls were measured

according the method described by Morabito et al [31].

2.6 The alkaline single cell gel electrophoresis assay

To detect the possible DNA damage in the samples, we performed the, also
as know, comet assay as described by Singh et al [32] with modification in the
coloration process conducted as Nadin et al [33]. In this methodology is placed two
slides to sample and these blades pass through processes of cellular lyses,
electrophoresis and staining with silver nitrate. After 50 cells are read by two analysts

evaluating the size of the DNA drag, considering that the higher the drag, the greater
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the damage index. The DNA damage index is determined by the equation:

X.(n°0)+x.(n°1)+x.(n°2)+x.(n°3)+x.(n°4).

2.7 Antioxidant enzymes analysis

The activity and gene expression of antioxidant enzymes, superoxide
dismutase (SOD), catalase (CAT) and glutathione-peroxidase (GPx) was evaluated
in the senescent ASCs samples with and without guarana supplementation.

The total SOD activity was determined in the samples treated with guarana
using the methodology described by Spitz & Oberley [34]. This assay is based in the
ability of the SOD to reduce the nitroblue tetrazolium chloride (Sigma-Aldrich®, USA)
to formazan. Therefore, greater is the activity of the SOD, higher is the absorbance of
the sample. The absorbance was determined at 560nm.

The CAT activity was determined using the methodology described by Aebi
[35]. This assay use the hydrogen peroxide as substrate and a kinetic reading is
performed in three points in 15 to 15 seconds. The results obtained were expressed
like k/g of protein present in each sample.

The GPX was indirectly determined from thiol groups analysis of each sample
treated with the different guarana concentrations were determined as described by
Ellman [36]. The absorbances were determined at 412nm.

The gene expression of SOD1, SOD2, CAT and GPx were quantitatively
determined by real time PCR (g-PCR). The determination was performed using the
total RNA obtained of each sample in test. The cells were washed at room
temperature with PBS (pH 7,4), cell lysis was performed using 2,5 mL of Trizol

(Invitrogen, Carlsbad, CA). After the total RNA obtained was solubilized in 20 yL of



60

water. Using the RNA, we amplified the cDNA using Brilliant II SYBR Green QPCR
Master Mix (Agilent Technologies, Inc. Santa Clara, CA, USA) with an initial step of
95°C for 5 minutes and 40 cycles of alternating temperatures: 95°C for 1 minutes;
60°C for 30 seconds; 72°C for 1 minute; 72°C for 4 minutes to final extension. So, the
amplification reaction was performed using REDExtract-N-Amp PCR Reaction Mix Kit
(Sigma-Aldrich, Saint Louis, MO, USA) in an Eppendorf Mastercycler gradient
thermocycler (Maxygene Il, Axygen, Foster City, CA, USA). Then, the electrophoresis
was conducted in 10% acrylamide gel in 1x TBE buffer, at 220V for 30 minutes.
Using the 0,2% ethidium bromide the bands were reveled in a transluminator
equipment. The primers used to this technique are listed in Table 1.

Table 1 here

2.8 Statistical Analysis

The data were presented as percentage of the control group and statistically
analyzed using Graphpad prism software. All experiments were performed in
triplicates. The results were compared by Oneway analysis of variance followed by

Tukey post hoc test or Student t test. Data with p < 0.05 were considered significant.

3 Results

The proliferative capacity of ASCs obtained from human lipoaspirates was
analyzed. As showed in Figure 1, a rapid cell growing from 3 to 5™ passages was
observed where the cells presented young morphological pattern (Figure 1A). During

6™ and 7™ cell passage occurred decrease in cell proliferation that return to similar
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levels observed in the first passage. The cell culture also started to change from
young to senescent morphological pattern (Figure 1B). The 8™ passage presented
significant decrease in cell proliferation when compared to first passage, and well
characterized senescent pattern (Figures 1C, 1D). Therefore, in the 8" passage,
ASCs received guarana supplementation at different concentrations.

The guarana supplementation at 5 and 10 mg/mL stimulated the ASCs
proliferation when compared to senescent ASCs in the same cell passage (8™
whereas lower concentration (1 mg/mL) and higher concentration (10 mg/mL) did not
change the cell proliferation pattern when compared to untreated cells. Specifically,
at 5 mg/ml concentration was observed 79.1 £ 15.7% of increase in cell proliferation

when compared to untreated control cells (Figure 1E).

Figure 1 here

The ASCs viability was also evaluated since the results could to be related to
rate of cell mortality and not for increase in cell proliferation. The results showed a
slight and no significant decrease in mortality of cells supplemented with guarana at
5 and 10 mg/mL (84.34 + 8.06%) determined by free-culture medium dsDNA.
Considering these results, and due the limitation in sample cells at same passage to
perform the assays, all further experiments were performed using the lower guarana
concentration that presented positive effect on ASCs cell proliferative capacity (5
mg/mL).

The senescent ASCs supplemented with guarana 5 mg/mL showed significant
decrease in oxidative stress variables analyzed here: intracellular ROS,

lipoperoxidation and protein carbonylation levels (Figures 2A, B, C). The DNA index
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damage in cells that receive guarana supplementation was also lower than untreated

cells (Figure 2D).

Figure 2 here

The guarand modulate differentially the ASCs antioxidant enzymes activity
and their gene expression (Figures 3 and 4). The SOD activity was lower in
senescent ASCs cells supplemented with guarana. However, the gene expression
analysis showed just SOD1 decreasing whereas SOD2 expression was similar to
untreated cells. On the other hand significant increase in CAT activity and gene
expression was observed in cells treated with guarana when compared to control
group. The thiols levels were similar between two ASCs cells groups, however a
slight significant decrease in GPx gene expression was also detected in cells

supplemented with guarana.

Figure 3 here

Figure 4 here

4 Discussion

The present study analyzed if guarana supplementation could act on ASCs
senescence obtained from human lipoaspirates and if its action involves differential
regulation of cell oxidative metabolism. When senescent ASCs cells at 8" passage
lost approximately 25% of proliferative capacity, they received a guarana 5 mg/mL

supplement. These cells showed an improvement in their proliferation as well as a
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decrease of oxidative stress markers, ROS levels, lipoperoxidation, protein
carbonylation and DNA damage. On the other hand, the guarana supplementation
increased significantly the CAT activity and gene expression. Although lowering in
SOD total activity and SOD1 gene expression has being detected in the cells
guarana exposed.

The results described here suggesting that guarana is able to revert the
senescent ASCs phenotype is relevant considering that stem cells present in adult
tissues are important mediators of tissue maintenance and wound repair [37].
However, similar to differentiate cells, adult stem cells as ASCs are not immortal and
present proliferative senescence when in vitro cultured [26].Their longevity is
dependent on careful control of gene expression, proliferation and cell cycle, and
differentiation signals [37]. The in vitro finite lifetime of diploid cell strains may be an
expression of aging that denotes long-term loss of proliferative capacity, despite
continued viability and metabolic activity [28].

Previous investigations described that, among the changes related to in vitro
cell aging are an accumulation of oxidative damage [38]. Nowadays, oxygen is
considered one of the major determinants of stress induced premature senescence.
In fact, the oxygen singlet (O,) did not present cellular toxicity. However, the ROS
produced from this molecule affect the cell aging biology. In chemical terms, ROS
can be classified in two groups: the first one includes ROS as superoxide and
hydroxyl radicals that contain one or more unpaired electrons in their outer molecular
orbitals. In the second group, are the molecules as H,O,, ozone, peroxinitrate and
hydroxide that is composed of non-radical ROS that remain chemically reactive and

can be converted to radical ROS [39].
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Among these molecules, H,O, appears to present an important effect on
cellular senescence [40-42]. Therefore, the regulation of H,O, levels can be a
mechanism that could delay the cellular senescence observed in differentiate and
adult stem cells as ASCs from human lipoaspirates that were studied here. However,
the fine H,O, cell regulation is difficult to do, since in low physiological levels this
molecule is an important cell signalizing in several biological pathways.

In these terms, functional foods that present a complex nutritional matrix with
several bioactive molecules can present an important role in the ROS modulation of
senescent cells, since the concentration of these molecules, is in general lower than
purified substances as well as their create a synergism that produce a differential
property than observed in the isolate molecules. Probably, guarana effect on
senescent ASCs cells is related to whole of its main chemical molecules that are able
to regulate the oxidative metabolism in a harmonic way.

This affirmative is based in the results described here that showed decrease in
ROS levels at 8" passage ASCs cells supplemented with guarand in comparison
with untreated cells. Previous study performed by Bittencourt et al [24] also showed
increase in the viability and differential oxidative stress modulation in the embryonic
NH3-T3 fibroblast cells exposed to high NO levels.

The ASC senescent characteristics reversion by guarana supplementation,
considering the proliferative state probably involves the modulation of oxidative
metabolism. A possible model of guarana action on ASC cells is showed in Figure 5.
In the expected situation, ASCs present senescent phenotype from 7 to 8" passage,
mainly detected by decrease in cell rate proliferation (Figure 5A).

However, the guarana supplementation induced change in this phenotype by

decreasing in ROS levels, mainly H,O, and, in consequence decreasing in cell
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oxidative state determined by lipoperoxidation, protein carbonylation and DNA
damage. Probably this effect was obtained for two concomitant pathways: first, by
non-genomic action of antioxidant scavenger molecules present in guarana
composition and second, by genomic action involving increase in CAT activity,
because the H,O, acts as a cell proliferation signaling of SCs and the function of
catalase is exactly metabolize this molecule, with up-regulation of this gene and
decrease of SOD activity with down-regulation of SOD1 gene. The lowering effect on
SOD enzyme has a consequence decrease in dismutation rate of superoxide ion in
H.O,. However, this genomic effect seems to occur just in cytoplasm since was not
detected influence of guarana on SOD2 gene expression that act only in
mitochondrial level. This hypothesis is also corroborated by the fact that GPX activity
and gene expression is slight influenced by guarana supplementation.

An speculation related to relevance in maintaining cellular H,O; in low levels
could to be related to chemical interactions, as Fenton reaction that occur in
cytoplasmic levels involving H,O, and Zn/Cu transitions metals that originate
hydroxyls (OH") molecules. The OH" is high DNA affinity ROS molecule that causes
genotoxic effects leading to DNA double-strand breaks and mutation accumulation
[37]. Three possible programs were activated to preserve the genome integrity and
prevent malignant transformation: DNA repair, apoptosis or senescence. Then, is
realistic to postulate that control of H,O, level within the cytoplasm can prevent or
controlled the OH" production avoiding the harmful consequences, including
senescence induction. Both guarana antioxidant non-genomic and genomic action
contribute to decrease the ASCs oxidative state, including lowering effect on DNA
damage, with final consequence the increase in cell proliferation (Figure 5B).

However, whether guarana supplementation could extend the period of ASCs
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proliferative state (cell longevity?) delaying the senescence period is an open

question, which unfortunately the present study did not clarified (Figure 5C).

Figure 5 here

The modulatory effect of guarand on ASCs cell proliferation obtained from
human lipoaspirates is a new information, despite the present protocol to present
many methodological constraints as: (1) the guarana effect on elongation of
proliferative state from supplementation since the first ASCs passage was not
determined; (2) the analysis of other senescent characteristics as telomeric-
shortening, and some gene modulations aging-related were not performed; (3) the
analysis of guarana regulation on antioxidant metabolism was limited to some
biomarkers as SOD total; (4) this is an in vitro study, therefore the results obtained
here cannot extrapolated to in vivo situations; (5) this in vitro protocol did not use
commercial ASCs lines or obtained from animal experimental model as rodents.
Therefore, there are large difficulties to obtain the human lipoaspirates sample and to
perform a prospective analysis involving the analysis of functional food effects on
stem cell senescence. However, considering the potential use of adult stem cells in
the regenerative clinical therapies investigations using human MSCs from tissues as
lipoaspirates are relevant.

Unfortunately, the most methodological constraints presented in this study
cannot to be avoided due limitations to obtain large ASCs cells concentrations in
each passage to permit additional biochemical and molecular analysis. In these
terms, if the guarana in higher concentrations than 5 mg/mL could to present harmful

effects on ASCs is not known.
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A previous study performed by Zeidan-Chulia et al [23] described a negative
effect of main compounds present in energy drinks, including guarana on human
neuronal SH-SY5Y cell line due “antioxidant stress”. However, the guarana, taurine
and ginseng exposition was performed in cells with homeostasis integrity, which
these compounds disrupted. Therefore, we cannot discard that in higher
concentrations guarana presents contrary effect on ASCs. Bittencourt et al [24] found
that guarana effect on cell oxidative stress caused by high NO exposition was not
reverted at 20 mg/mL concentration, such as observed here. These results suggest a
hormetic effect of guarana on cells and need to be considered in the future studies
involving this functional food.

For the same reason involving limited cell number to perform the experiments
was not possible to evaluate the isolate effect of main chemical molecules present in
guarana extract (caffeine, theobromine and total catechins) on senescent ASCs. For
this reason, the present study can be considered an exploratory investigation where
additional future investigations need to be performed.

The complementary investigations need to evaluate if the ASC senescent
reversion is maintained during future cellular passages. The guarana interference in
the other important ASCs properties as potential differentiation in osteoblasts,
adipocytes and chondrocytes are also need to be determined. Both are important
issues since previous investigations considering that increase in H,O, levels appear
to be good inductor of differentiation of some MSCs cells [43,44] whereas other
investigations showed that increase in H,O, levels triggered premature MSCs
exhaustion of self-renewal [45,46].

Finally, is important to comment that epidemiological studies suggest that high

consumption of fruit is beneficial for prevention of chronic diseases as cardiovascular
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morbidities [47], cancer [48] and neurodegenerative disorders [49]. There are a large
number of studies describing anti-tumoral properties of several fruits and plant
extracts indicating positive effect of fruit and other functional foods consumption and
human health [50]. However, at present moment, the effect of functional foods on
adult stem cells, mainly in senescence development is less studied. The effect of
functional food on adult stem cells are relevant, at least for two reasons: first, to
evaluate the potential causal mechanism involved in the preventive effects related to
these dietary foods and second, to determine if dietetic supplementation could
become more successful the regenerative therapies using MSCs, as ASCs from

human lipoaspirates.
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Figures Legends

Figure 1: The process of senescence in adipose-derived stem cells (ASCs) and their
proliferative response to guarana treatments. (A) ASCs between 3-5"passage with
intense cell growth and young morphological pattern; (B) ASCs between 6 and 7™
passage with decrease in cell proliferation; (C;D) ASCs at 8" passage with significant
decrease in cell proliferation, characterizing the senescence process; 400X of
magnification; (E) Guarana treatments showing a significant increase in proliferation
of senescent ASCs mainly at concentration of 5 mg/mL. Data of treatments are
presented as % of untreated control group. Different letters indicated significant
differences (p < 0.05) by one-way analysis of variance followed by Tukey post hoc
test.

Figure 2: Senescent ASCs supplemented with guarana 5 mg/mL. (A, B, C) The
treatment decrease the total rate of ROS, the lipoperoxidation and the protein
carbonylation levels, respectively; (D) The treatment showed lower DNA damage
index. Data of treatments are presented as % of untreated control group. The
asterisk indicated significant differences (p < 0.05) by Student t test.

Figure 3: Guarand modulate differentially the senescent ASCs antioxidant enzymes
activity. (A) The senescent ASCs treated with guarana 5 mg/mL presented a lower
SOD activity; (B) The senescent ASCs treated with guarand 5 mg/mL presented a
increase in CAT activity; (C) The senescent ASCs treated with guarand 5 mg/Ml
showed a similar response between the groups. Data of treatments are presented as
% of untreated control group. The asterisk indicated significant differences (p < 0.05)
by Student t test.

Figure 4: Guarana modulate differentially the senescent ASCs antioxidant enzymes
gene expression. The senescent ASCs treated with guarand 5 mg/mL showed a
significant decrease in SOD1 expression and a similar expression of SOD2. The
treatment also induces increase in CAT expression and a slight significant decrease
in GPx gene expression. Data were normalized by beta-actin expression. The
asterisk indicated significant differences (p < 0.05) by Student t test.

Figure 5: Schematic illustration of how supplementation with guarana acts on
senescent ASCs. (A) ASCs 7-8" passage pass to present decrease in cell
proliferation characterizing the senescence process; (B) Supplementation with
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guarana present positive effects on senescent ASCs contributing to decrease the
ASCs oxidative states; (C) Despite the data obtained, whether the guarana is able to
extend the period of ASCs proliferation is a open question.
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Table 1 Primers list of genes investigated in ASCs treated with 5mg/mL of Paullinia cupana

extract.
Genes Primers
Foward Reverse
B- actin TGTGGATCAGCAAGCAGGAGTA TGCGCAAGTTAGGTTTTGTCA
SOD1 GCACACTGGTGGTCCATGAA ACACCACAAGCCAAACGACTT
SOD2 GCCCTGGAACCTCACATCAA GGTACTTCTCCTCGGTGACGTT
CAT GATAGCCTTCGACCCAAGCA ATGGCGGTGAGTGTCAGGAT

GPX1

GGTTTTCATCTATGAGGGTGTTTCC

GCCTTGGTCTGGCAGAGACT
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3 DISCUSSAO

InvestigacOes sugerem que a modulacdo do metabolismo oxidativo regula padrbes de
proliferacdo, diferenciacéo e senescéncia das CTs adultas. Por este motivo, este estudo buscou
investigar o efeito da exposicdo aguda ao estresse oxidativo em ASCs ndo senescentes, bem
como o efeito da exposi¢do ao guarand de ASCs em processo de senescéncia celular, que é
principalmente identificado pela diminui¢do na taxa proliferativa. Os resultados obtidos s&o
discutidos a seguir.

No primeiro estudo, foi observado que o tratamento agudo de ASCs com diferentes
concentragfes de H,O, pode conduzir a efeitos cito e genotoxicos. Tais resultados sugerem
que a exposicdo aguda ao H,O, em concentra¢des subletais pode atuar de forma a alterar o
metabolismo oxidativo celular, modulando a atividade de enzimas antioxidantes e conduzindo
a danos em nivel de DNA. Deste modo, nas células sobreviventes pode ocorrer um
comprometimento da homeostase celular.

Estudos sobre o efeito da exposi¢do ao H,O, tém sido conduzidos em outros tipos de
CTs adultas. Um dos objetivos destes estudos foi o de averiguar se, uma exposicdo aguda a
EROs, em condicGes in vitro ndo poderia ser benéfico no sentido de aumentar a resisténcia
destas células a este estresse, ja que as mesmas geralmente sdo transplantadas em tecidos que
estdo com niveis oxidativo-inflamatérios muito elevados. Murry e colaboradores (1986)
foram os primeiros a estudar e descrever a capacidade citoprotetora do pré-condicionamento
de cultivos celulares como um mecanismo universal de protecdo celular. Entretanto, tais
autores ndo investigaram se este procedimento poderia levar a um aumento da genotoxicidade
tornando as CTs predisponentes a transformacéo tumoral.

Outros estudos também comecaram a ser realizados a fim de avaliar se a exposi¢do ao
H,0, auxiliaria na rapida expansdo celular a fim de se obter um nimero elevado de células
aptas a serem transplantadas. No estudo efetuado por Zhang e colaboradores (2012) os autores
expuseram CTs obtidas de corddo umbilical a uma concentragéo subletal de H,O, (200 uM).
Este processo aumentou a capacidade de diferenciacdo dessas células, de forma a regenerar o
tecido cardiaco de ratos com infarto agudo do miocéardio. Outro estudo conduzido por Choe e
colaboradores (2012) relatou que a exposi¢do continua ao H,O, auxiliou na diferenciacdo de

osteoblastos a partir de CTs obtidas do ligamento periodontal. Robaszkiewicz e colaboradores
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(2012) também descreveram que o H,O; seria a principal EROs mediadora dos estégios finais
da osteodiferenciacéo, com capacidade também de reduzir a apoptose celular.

Entretanto, os resultados aqui descritos sobre o efeito da exposicdo aguda ao H,O, em
ASCs obtidas de lipoaspirados humanos mostraram que tais células possuem uma alta
sensibilidade ao aumento nos niveis de EROs. Esta afirmativa é corroborada a partir da
observacdo de uma significativa reducdo da viabilidade celular que ocorreu de forma dose-
dependente. No caso, houve 100% de morte quando as células foram expostas a
concentragdes de 200 uM ou mais de H,O,. Analise adicional mostrou que, a exposi¢do
aguda ao H,0O; foi capaz de induzir a cascata apoptotica, ja que foi observado aumento dos
niveis das caspases iniciadora 8 e 1 e da caspase 3 executora.

Como esperado, a concentracdio de EROs dentro das células aumentou
consideravelmente quando comparada ao controle negativo, também ocorrendo aumento no
estresse oxidativo avaliado através da analise da lipoperoxidacdo. Estes resultados estdo em
conformidade com os experimentos de Tuteja e colaboradores (2009) que descreveram que 0
acumulo de EROs conduz a danos celulares, sendo a peroxidacéo lipidica um dos danos mais
expressivos, ja que caracteriza a lesdo de membrana celular.

Além disso, a enzima CAT apresentou aumento significativo conforme a progressao
do tratamento o que esta de acordo com a funcgéo desta enzima na metabolizacdo da molécula
de H,O, (GAETANI et al., 1996). Por outro lado, a atividade total da enzima SOD também
apresentou modulacdo quanto ao tratamento, porém esta resposta ndo aconteceu de forma
dose-dependente, j& que as células tratadas com a concentragdo de 1 uM apresentaram
aumento significativo para a atividade enzimatica, enquanto a partir da concentracdo de 3 uM
foi observada uma reducéo corroborando com o estudo de Gottfredsen e colaboradores (2013)
que demonstrou que o tratamento de células embrionarias de rim (HKE293) com H,0,
induziu uma diminuicdo da atividade da SOD por acédo inibitoria. Esta inibicdo pode ser
explicada pelo fato de que a SOD quando dismuta o anion superoxido produz H,O,. Deste
modo, na presenca de altos niveis desta EROs na célula, a inibicdo da SOD € um processo que
ajuda a diminuir os niveis intracelulares de H,O..

Chen e colaboradores (2001) demonstraram que a exposi¢do de CTs adultas a agentes
estressores, como 0 H,0,, conduz a senescéncia celular, via encurtamento dos telémeros.
Deste modo, estudos complementares a fim de averiguar se a exposi¢do ao H,O, modula a
enzima telomerase sdo importantes de serem conduzidos. Estes autores também observaram
efeito gendtoxico associado a exposicdo. Os resultados aqui obtidos atraves do ensaio cometa

mostraram que os tratamentos com H,0, também induziram danos significativos ao DNA das
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ASCs, pois a frequéncia de dano 0 nas amostras decaiu expressivamente com as exposigoes
em quentdo. Adicionalmente, a visualizacdo citomorfologica das células também sugeriu
efeito pré-senescente do H,O, nas ASCs.

Sendo assim, apesar de algumas pesquisas demonstrarem a acdo do H,0; na
proliferacéo e diferenciacdo de CTs, ficou muito evidente que a exposicéo aguda de ASCs ao
H,0O,, principalmente a partir da concentracdo de 3 uM leva ao aumento da taxa de
citotoxicidade, do estresse oxidativo e principalmente do dano gendmico em ASCs obtidas a
partir de lipoaspirados humanos. Como estas alteracbes acabam por comprometer a
homeostase celular, se torna questiondvel a utilizacdo deste agente indutor de proliferacdo e
diferenciacéo celular, pelo menos em se tratando de ASCs. Estudos adicionais precisam ser
feitos para se entender melhor o porqué estas células sdo tdo suscetiveis.

Por outro lado, se a exposi¢do ao H,O, indicou cito-genotoxicidade e aumento no
estresse oxidativo de ASCs ndo senescentes, por outro a exposicdo ao guarand de ASCs
senescentes levou a uma resposta oposta.

Como previamente comentado, o processo de senescéncia celular de CTs, como por
exemplo, de ASCs é um fator limitante para o uso destas células de forma clinica como modo
de terapia regenerativa ou até mesmo para fins de pesquisas experimentais (WAGNER et al.,
2010). Os resultados obtidos através do ensaio MTT, realizado em todas as passagens
celulares durante o processo de cultivo das ASCs, mostraram que na oitava passagem ocorreu
uma diminuicdo significativa na proliferacdo destas células quando comparado a primeira
passagem, caracterizando o processo de envelhecimento celular.

No caso, ASCs senescentes identificadas na oitava passagem de cultivo celular,
guando expostas ao extrato hidroalcodlico de guarana apresentaram aumento na proliferacdo
celular, diminuicdo do estresse oxidativo e modulacdo positiva do sistema de enzimas
antioxidantes. Infelizmente, por questdo de quantidade amostral de células senescentes, ndo
foi possivel avaliar separadamente os niveis das enzimas SOD1 e SOD2. Entretanto, apesar
desta limitacdo, os resultados puderam ser analisados sem prejuizo. No caso, a queda a
atividade da SOD e o respectivo aumento na atividade catalase provavelmente séo eventos
relacionados com a diminuig&o na producéo de H,O, em nivel citoplasmatico. E interessante
notar que a queda nos niveis destas enzimas foi acompanhada pela diminui¢do nos niveis de
expressao dos genes da SODL1 e catalase. Os resultados também mostraram que o tratamento
com guarana ndo causou genotoxidade.

Com base nestes resultados parece que o guarana, em ASCs de lipoaspirados humanos

principalmente na concentracdo de 5 mg/mL leva a um aumento consideravel na proliferagéo
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das ASCs sem causar efeito citotdxico, indicando reversdo do estado de senescéncia. Porém
se tal reversdo se mantém ou se traduz em melhor eficicia regenerativa das ASCs sao
questdes que precisam ser respondidas a partir de estudos complementares.

Os resultados obtidos estdo em consonancia com estudos publicados na literatura
envolvendo também alimentos ricos em cafeina e catequinas. Bickford e colaboradores
(2006), por exemplo, investigaram a acdo do cha verde, que é rico em cafeina e catequinas,
em CTs da medula 6ssea. O cha verde mostrou ser capaz de aumentar a atividade proliferativa
das células quando combinada ao fator estimulante de col6nias de granulécitos e macrofagos
humanos. Ja& Su e colaboradores (2013) expuseram ASCs a diferentes concentracbes de
cafeina e na concentracdo de 0,3 mM também foi observado um aumento na capacidade de
diferenciacdo destas células a osteoblastos, enquanto que altas concentracGes de cafeina
reduziram esta capacidade.

Esta pesquisa também apresentou algumas limitagGes metodoldgicas entre as quais se
destacam as seguintes: (a) ndo foi determinada a acdo do guarana na proliferacdo e estado
oxidativo desde a primeira passagem; (b) ndo foi realizada a andlise de outros parametros
vinculados a senescéncia celular, como encurtamento dos teldmeros e genes relacionados ao
envelhecimento celular; (c) a avaliacdo do efeito do guarand no metabolismo antioxidante foi
limitada a biomarcadores como a SOD total; (d) por se caracteriza como um estudo in vitro,
os resultados aqui obtidos ndo podem ser extrapolados para situacdo in vivo; (e) as células
utilizadas ndo pertencem a uma linhagem comercial ou obtidas de animais e a obtencéo de
amostras de lipoaspirado humano é bastante dificultosa para uma analise prospectiva.

De qualquer modo, acredita-se que as limitacBes supracitadas ndo diminuem a
relevancia dos resultados obtidos, mas sim indicam a necessidade de investigacdes adicionais.
Nestes termos, o conjunto dos resultados corrobora a relevancia da modulacdo do
metabolismo oxidativo na proliferacdo e senescéncia das CTs, sugerindo, entretanto, que esta
modulacdo é dependente do tipo de CTs, sendo as ASCs muito sensiveis ao H;0..
Adicionalmente o estudo indica que o uso de extratos de plantas, como o guarand pode

auxiliar na diminuigédo da senescéncia celular das ASCs.



87

4 CONCLUSAO

A exposicao aguda ao H,0, de ASCs néo senescentes obtidas de lipoaspirado humano
foi altamente citotoxica, envolvendo ativacdo da rota apoptdtica, aumento nos niveis
intracelulares de EROs, aumento no estresse oxidativo e da genotoxicidade. Considerando 0s
trabalhos publicados na literatura este estudo parece ser o primeiro trabalho que descreve a
alta suscetibilidade das ASCs a exposicao aguda ao H,O, e do seu potencial genotoxico nas
ceélulas sobreviventes;

As ASCs apresentaram um padrédo de senescéncia bem definido na oitava passagem de
cultivo celular em condicGes padronizadas e controladas;

A exposicdo de ASCs senescentes ao extrato hidroalcéolico do guarand aumentou a
proliferacdo celular, assim como o estado antioxidante da célula via modulacdo de enzimas
antioxidantes e seus respectivos genes, diminuindo também os niveis de genotoxicidade.
Estes resultados sugerem que o guarana possui potencial efeito na reversdo da senescéncia
celular de ASCs.
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