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RESUMOS
(ABSTRACTS)
minicursos
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MINICURSO 1

A VERSATILIDADE DO ZEBRAFISH (DANIO RERIO) COMO MODELO EXPERIMENTAL:
BIOENSAIOS EM MUTAGÊNESE, GENÔMICA, CARCINOGÊNESE E TERATOGÊNESE
Cesar Koppe Grisolia - Universidade de Brasília (Brasil)
Zebrafish (Danio rerio) como um modelo em biociências. Esse organismo já tem seu genoma sequenciado
e apresenta um grande número de genes ortólogos aos mamíferos. Tem-se apresentado como um modelo
alternativo para testes in vivo, nas mais diferentes áreas da ciência, devido ao seu pequeno tamanho,
alta fecundidade e ciclo de vida relativamente curto. Utilizado no screening toxicológico de substâncias,
nos estudos cardiotoxicidade, nefrotoxicidade, hepatotoxicidade e em ciências do comportamento. Em
Genética Toxicológica as metodologias como teste do micronúcleo, ensaio do cometa e toxicogenômica
são amplamente utilizadas. Como o seu embrião é translúcido, todas as etapas do desenvolvimento
são facilmente identificadas, sendo então um modelo eleito para bioensaios de desenvolvimento e
teratogenicidade com um protocolo estabelecido pela OEDC (n. 236), adotado mundialmente. Existem
várias linhagens de zebrafish com diferentes sensibilidades para o desenvolvimento de diferentes tipos
de tumores. Linhagens transgênicas com a ativação de oncogenes, que permitem o acompanhamento
e monitoramento da iniciação e progressão dos tumores. É um modelo bastante refinado para o estudo
do melanoma, leucemias, adenocarcinoma pancreático, hiperplasia intestinal e sarcomas. Desse modo,
pode ser utilizado também em estudos de avaliação de drogas a serem utilizadas na terapia do câncer.
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MINICURSO 2

MÉTODOS PARA O ESTUDO DOS MECANISMOS DE REPARO DO DNA
Giovana da Silva Leandro - Instituto de Ciências Biomédicas-USP (Brasil) e
Paulo Roberto D’ Auria Vieira de Godoy - FFCLRP-USP (Brasil)
Os genomas celulares estão sujeitos a contínua exposição a fatores físicos ou químicos capazes de
danificar a estrutura da molécula de DNA, resultando em instabilidade genômica. O DNA está naturalmente
sujeito a processos de degradação espontânea e, além disso, agentes de origem endógena ou exógena
à célula interagem com a molécula de DNA, gerando inúmeras modificações em sua estrutura. As
consequências das lesões causadas na molécula de DNA são diversas e dependentes do tipo de dano
causado. Os efeitos agudos vão de distúrbios no metabolismo do DNA, como bloqueios nos processos
de replicação e transcrição, a alterações no ciclo celular, podendo culminar na morte da célula. As
células têm uma série de mecanismos responsáveis por lidar com os danos causados às moléculas de
DNA, conhecidos genericamente como respostas aos danos, os quais resultam em várias alterações
fisiológicas que compreendem a ativação dos checkpoints do ciclo celular, respostas transcricionais,
indução de mecanismos de morte celular ou de tolerância aos danos, assim como a identificação e
remoção dos danos seguida pela restauração da molécula de DNA por meio dos mecanismos de reparo
do DNA. Os mecanismos de reparo do DNA consistem em vias altamente conservadas ao longo do
processo evolutivo, as quais são fundamentais às células e podem prevenir a senescência celular, o
envelhecimento prematuro e doenças relacionadas a esses processos, através da manutenção da
estabilidade genômica. Assim, esse curso tem como objetivo apresentar técnicas que estão relacionadas
à detecção de danos na molécula de DNA , assim como à avaliação do funcionamento dos mecanismos
de reparo desses danos, pincipalmente em mamíferos. Será abordado como deve ser o desenho
experimental para a detecção dos danos no DNA de acordo com o tipo de agente genotóxico assim
como o background genético e tipo celular escolhido como modelo biológico. Uma atenção maior será
dada aos efeitos do estresse oxidativo e radiações (gamma e UV) em células de mamíferos, cancerosas
ou normais. Exemplos de algumas das técnicas a serem abordadas: Ensaio Cometa, foci de gammaH2AX, ensaios para detecção de reparo por excisão de bases, Slot Blot para detecção de alguns tipos
de lesão, síntese de DNA não-programada. Além disso, será discutido como devem ser interpretados
os resultados provenientes desses experimentos. Esperamos que os alunos desse curso adquiram
subsídios para delinear os experimentos, escolher as técnicas mais adequadas para a detecção dos
danos e saibam interpretar os resultados.
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MINICURSO 3

NUTRIGENÔMICA
Lusânia Maria Greggi Antunes - FCFRP-USP (Brasil) e 					
Alexandre Ferro Aissa - FCFRP-USP (Brasil)
O estudo da interação gene-dieta deu origem à linha de pesquisa em Nutrigenômica, que avalia por meio
da genômica, transcriptômica, proteômica e metabolômica, como os compostos da dieta contribuem
para estabelecer um fenótipo. A Nutrigenômica tem como desafio compreender como a dieta interage
com os genes e influencia a fisiologia normal e a patofisiologia, combinando tecnologia moleculares
“ômicas” aos estudos citogenéticos e bioquímicos clássicos.
O minicurso será dedicado à apresentação e discussão dos princípios da Nutrigenômica, às diferentes
aplicações envolvendo essa ciência, e à abordagem das diferentes ferramentas utilizadas para o estudo
e compreensão da interação gene-dieta, possibilitando uma maior inserção do participante nessa
promissora área de pesquisa.

A nutrigenômica visa proporcionar o melhor entendimento de como os compostos bioativos da dieta
(micronutrientes e macronutrientes) afetam o genoma, alterando a expresão gênica e aumentando
o risco de desenvolvimento de doenças. As pesquisas com nutrigenômica tendem a incorporar cada
vez mais tecnologias de transcriptômica, proteômica e metabolômica, bem como abordagens mais
dinâmicas proporcionadas por estas tecnologias, na busca por compreender os efeitos específicos de
nutrientes no nível molecular e tecidual. A base conceitual para a nutrigenômica pode ser resumida em
cinco princípios: 1) Nutrientes podem agir no genoma humano, direta ou indiretamente, alterando a
expressão de genes ou a estrutura do DNA; 2) Sob certas circunstâncias e em certos indivíduos, a dieta
pode ser um fator de risco importante para algumas doenças; 3) Alguns genes que são regulados pela
dieta podem desempenhar funções fundamentais no início, progressão, e/ou na gravidade de algumas
doenças crônicas; 4) A influência da dieta sobre o desenvolvimento de uma doença pode depender da
composição genética de um indivíduo; e 5) Intervenções nutricionais, baseadas no conhecimento da
exigência nutricional, estado nutricional e genótipo, podem ser aplicadas para prevenir, mitigar ou até
mesmo tratar uma doença crônica. Com isso, o avanço do conhecimento sobre a influência dos nutrientes
no genoma e sobre a resposta da variação individual frente a determinada dieta, indispensavelmente
associadas a estudos de associação genética, que têm como objetivo compreender as diferenças entre
o impacto dos genes e do ambiente, aperfeiçoará o entendimento da relação entre dieta e saúde.
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MINICURSO 4

CRISPR / Cas9: metodologia e aplicações
Geraldo Aleixo Passos - FMRP-USP; FORP-USP (Brasil) e 						
Tiago Campos Pereira - FFCLRP-USP (Brasil)
Utilização do sistema Crispr-Cas9 na pesquisa biológica básica, na pesquisa biomédica e como
perspectiva para a medicina.

CRISPR é uma técnica recente de biologia molecular que permite a manipulação de genes e genomas
de uma maneira relativamente simples, rápida, barata e eficaz. Esta ferramenta possibilita a edição
precisa da informação genética, o nocauteamento de genes, a remoção e inserção sítio específica de
sequências de DNA. Adicionalmente, versões modificadas da técnica permitem também: (a) o controle
da expressão gênica (ativação e repressão transcricional), (b) marcação do DNA, (c) clivagem de RNAs,
(d) mapeamento genético e (e) rastreamento de RNAs.
O imenso potencial científico, biotecnológico e terapêutico desta técnica levou a revista Science a
considerá-la o Breakthrough de 2015.
Durante este curso veremos alguns aspectos básicos e centrais da CRISPR como ferramenta de edição
genética: (i) histórico, (ii) mecanismos moleculares de ação; (iii) moléculas utilizadas, (iv) formas de
obtenção de Cas9 e sgRNAs, (v) principais sistemas e estratégias para aplicação de CRISPR; (vi)
controles experimentais e (vii) formas de análise.
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GENÉTICA TOXICOLÓGICA: PASSADO, PRESENTE E FUTURO
Silvia Regina Batistuzzo de Medeiros - UFRN (Brasil)
Nesta apresentação será abordado um histórico da genética toxicológica, sua importância e definições.
Serão apresentados vários ensaios toxicológicos discutindo-se conceitos, evolução e aplicação
dos mesmos. Iremos abordar o efeito do polimorfismo da instabilidade genética, finalizando com a
toxicogenômica, enfatizando a transcriptômica e proteômica. Especial atenção será dada à análise e
função dos RNAs não codantes junto seu papel na toxicologia genética.
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ECOGENOTOXICOLOGY, RISK ASSESSMENT AND REGULATION
Gisela de Aragão Umbuzeiro - Faculdade de Tecnologia UNICAMP (Brasil)
There is ongoing concern about the consequences of mutations in humans and biota arising from
environmental exposures to industrial and other chemicals. Genetic toxicity tests have been used to
analyze chemicals, foods, drugs, and environmental matrices such as air, water, soil, and wastewaters.
This is because the mutagenicity of a substance is highly correlated with its carcinogenicity. However,
no less important are the germ cell mutations, because the adverse outcome is related not only to an
individual but also to population levels. For environmental analysis the most common choices are in vitro
assays, and among them the most widely used is the Ames test (Salmonella/microsome assay). There
are several protocols and methodological approaches to be applied when environmental samples are
tested and these are discussed in this chapter, along with the meaning and relevance of the obtained
responses. Two case studies illustrate the utility of in vitro mutagenicity tests such as the Ames test. It
is clear that, although it is not possible to use the outcome of the test directly in risk assessment, the
application of the assays provides a great opportunity to monitor the exposure of humans and biota to
mutagenic substances for the purpose of reducing or quantifying that exposure.
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NUTRIGENOMIC AND MICRONUTRIENTS
Lucia Regina Ribeiro - UNESP (Brasil)
In their biological function to maintain optimal health, micronutrients influence multiple pathways that
interact to exert various metabolic effects such as oxidative and inflammatory processes and maintenance
of homeostasis in metabolism. With advances in systems biology and a variety of genomics technologies,
the possibility to assess the activity of a single micronutrient in its complete biological context becomes
feasible, Micronutrients, encompassing vitamins and minerals, are essential regulators of important
physiological processes in humans. Micronutrient deficiencies are known to cause specific acute illnesses,
and sub-optimal intake levels may predispose to a number of chronic diseases. Also, ever more studies
demonstrate the inefficacy of high micronutrient doses in favour of optimal doses. Micronutrient efficacy
depends on a series of physiological processes, including absorption, distribution, metabolism, excretion,
binding and storage, and cellular mechanisms of action. Each of these processes involves a complex
interaction among genes, gene products, and environmental factors. Furthermore, micronutrients do not
act independently of each other and the need to consider the impact of micronutrient combinations on
the metabolome, gene expression regulation and resulting physiological effects is becoming increasingly
evident. Micronutrient genomics (Nutrigenomic) research has begun focusing on common genetic variants
within single genes in metabolic pathways. Considerable research efforts in these areas, combined with
high-throughput technologies, are making increasingly available a wealth of scientific data on genemicronutrient interactions, usually one gene and one nutrient and one genetic population at a time. In this
Symposium different aspects of micronutrient genomics will be addressed, emphasizing its impact on the
predisposition of chronic diseases in humans.
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O IMPACTO DA NUTRIGENÔMICA E NUTRIGENÉTICA NA MODULAÇÃO DOS EFEITOS
GENOTÓXICOS DE AGENTES AMBIENTAIS
Ivana Beatrice Mânica da Cruz – UNVERSIDADE DE SANTA MARIA (Brasil)
O envelhecimento biológico faz parte da programação genética das espécies, e por este motivo, não
pode ser interrompido ou evitado, ainda que possa ser acelerado ou desacelerado via interação de
fatores genético-ambientais. Entre as variáveis que atuam diretamente na modulação do envelhecimento
a dieta tem um papel de destaque. Isto porque, alguns alimentos possuem moléculas bioativas capazes
de modular diferencialmente a expressão gênica e epigenética. Esta modulação nutrigenômica pode
atuar na prevenção e/ou diminuição de processos crônicos oxi-inflamatórios que estão associados
a ocorrência de mutagênese/carcinogênese ou a patofisiologia de muitas doenças crônicas nãotransmissíveis. Apesar deste paradigma estar bem estabelecido, os mecanismos causais genômicos
associados a matriz química de diferentes alimentos ainda precisam ser melhor abordados, em termos
científicos. Dentro deste contexto o Laboratório de Biogenômica em colaboração de pesquisadores
de outras universidades brasileiras e internacionais tem desenvolvido pesquisas que subsidiaram a
formulação da hipótese de que a Dieta Amazônica consumida por povos pré-colombianos e que está
culturalmente preservada na Região Norte do País teria impacto na saúde e longevidade humana. Este
impacto ocorreria de modo similar ao já descrito para outras dietas do mundo, com destaque a Dieta
do Mediterrâneo. Deste modo, serão apresentados e discutidos os principais resultados de estudos in
vitro e in vivo desenvolvidos em frutos como, o guaraná, açai e tucumã. Serão destacados seus efeitos
nutrigenômicos, nutrigenéticos, incluindo análises da interação destes frutos com fármacos utilizados
no tratamento de doenças crônicas, como o câncer, e morbidades neuropsiquiátricas, e também da
interação com poluentes ambientais, como metais pesados, herbicidas e o metilmercúrio, e a exposição
a campos magnéticos estáveis. O potencial uso destes resultados para o desenvolvimento de produtos
nutracêuticos também será abordado.
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DADOS POPULACIONAIS E RESPOSTA INTER-INDIVIDUAL DE CRIANÇAS APÓS UMA
INTERVENÇÃO COM MULTI NUTRIENTES
Jacqueline Pontes Monteiro - FMRP-USP (Brasil)
The role of micronutrients in maintaining health and delaying the onset or preventing chronic diseases is
high controversial. The scientific evidence to develop public health recommendations or targeted nutrition
for individuals is inconsistent with most studies showing no health benefits for long-term vitamin intakes.
We followed first principles to design a novel multimicronutrient intervention that (i) used each individual
as their own control accounting for genetic uniqueness, (ii) provided safe supplemental doses for 5 days
per week for 6 weeks to 136 individuals aged 9 to 13 year olds, (iii) monitored compliance, (iv) analyzed 36
plasma vitamers, 30 clinical variables, anthropometric measurements, and food intake at baseline, after 6
weeks of intervention, and 6 week of washout, and (v) assessed participant’s genetic ancestry as modifier
of vitamin baseline or response. The same multimicronutrient intervention was repeated the following
year in 135 participants to test the replicability of the results and outcomes. The study was conducted
using principles and methods for community based participatory research to accelerate the translation of
research to knowledge for participants and their families. Baseline and responses to the intervention were
correlated with comprehensive analyses of vitamers and clinical variables in plasma. The results showed
that most vitamins and clinical variables responded positively to the intervention. Individuals with similar
baseline or like responses can be grouped to improve targeting nutritional interventions. Simple statistical
models showed that starting baseline levels of any metabolite predicted response to the intervention.
Although statistically less robust, regularized regression models (elasticnet) identified a set of baseline
vitamin and clinical variables to be predictors of the multimicronutrient intervention, a first step toward
developing personalized recommendations for optimizing nutrient intakes. We also tested the relationship
between an individual’s genetic ancestry and blood micronutrient levels because the Brazilian population
is highly admixed and we found some specific genetic ancestors as predictors of vitamin status.
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GENÔMICA NUTRICIONAL E OBESIDADE
Carla Barbosa Nonino - FMRP-USP (Brasil)
Aspetos da genômica nutricional na obesidade.
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VITAMIN D SUPPLEMENTATION IN PATIENTS WITH TYPE 2 DIABETES MELLITUS
Vanessa Moraes de Andrade - UNESC (Brasil)
The Type 2 Diabetes Mellitus (T2DM) presents growth incidence in the world, and acquired an epidemic
feature. In Brazil, at the end of the 80s, a multicenter study showed that the prevalence DM2 occurred
at about 8% of the population. There is a strong link between T2DM and the deficiency of vitamin D3.
Knowing that vitamin D has beneficial effects on glucose homeostasis, and there is a strong link between
type 2 diabetes and the presence of DNA damage, mainly related to the persistence of the hyperglycemic
state and excessive production of free radicals, the aim of this study was to evaluate the influence of
vitamin D supplementation in the modulation of glycemic control and other metabolic effects, as well as
modulation of genomic instability in T2DM patients. We evaluated 79 patients with T2DM registered in the
Integrated Clinics at the University of Southern Santa Catarina (UNESC). Participants received 4000UI of
fat soluble vitamin D3 (25(OH)D) supplementation daily for eight weeks. Blood samples were collected at
the beginning of the supplementation, at the end and after four weeks after the end of supplementation to
evaluate the glycidic profile, lipid profile and 25(OH)D content. Also were evaluated oxidative parameters
and genomic instability by the comet assay and micronucleus test. Vitamin D3 supplementation for eight
weeks proved to be enough to significantly increase blood levels of 25(OH)D (P<0,0001/Wilcoxon) and
modulate all the parameters of glucose homeostasis. Furthermore, there was a significant reduction in
the amount of 25(OH)D 4 weeks after the end of supplementation, but values still remained higher than
before the start of supplementation. The increased plasma levels of 25(OH)D associated with the glycemic
control has shown to be able to significantly reduce DNA damage and oxidative stress in patients with
T2DM (P<0,0001/Wilcoxon). In this way the use of vitamin D supplementation can be an ally in the health
modulation type 2 diabetic patients.
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Cyclin E in replication stress and genomic instability
Leonardo Augusto Karam Teixeira - INCA (Brasil)
Cell cycle progression is regulated by the cyclin-dependent kinase (Cdk) family of proteins, so named
because their activation depends on association with regulatory subunits known as cyclins. Cyclin E
accumulates at the G1/S boundary, where it promotes S phase entry and progression by activating Cdk2.
In normal cells, Cyclin E/Cdk2 activity is associated with DNA replication-related functions. However,
deregulation of Cyclin E leads to inefficient assembly of pre-replication complexes, causing replication
stress. In malignant cells, Cyclin E is frequently overexpressed, correlating with decreased survival in
breast cancer patients. However, it remains unknown how Cyclin E-mediated replication stress promotes
genomic instability during carcinogenesis. We have shown that Cyclin E deregulation causes human
mammary epithelial cells to progress slower through S phase and enter into mitosis with unreplicated
genomic segments, ultimately leading to deletions. Incompletely replicated regions are preferentially
located at late-replicating domains, fragile sites, and breakpoints. Furthermore, Cyclin E deregulation
leads to chromosome aberrations during mitosis, such as anaphase bridges, lagging chromosomes, and
micronuclei, eventually causing aneuploidy. Our results demonstrate how oncogene-induced replication
stress contributes to genomic instability in human cancer.
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RHO GTPASES DISRUPTION CONTRIBUTES TO GENOMIC INSTABILITY: THE CASE OF
NER PATHWAY
Fabio Luís Forti - IQ/USP (Brasil)
Typical Rho GTPases include RhoA, Rac1 and Cdc42 enzymes acting as molecular switches that trigger
signals to regulate essential cellular processes in eukaryotic cells, including actomyosin dynamics, cellcycle, adhesion, death and differentiation. Different stresses conditions have recently been shown to up
or down regulate these enzymes’s activity and to promote genomic instability, but their roles remain to
be better understood. Here we examined the interplay between RhoA enzyme and Nucleotide Excision
Repair (NER) pathway in human cells exposed to UV radiation. Results show that damage promoted by
UV radiation are higher and accumulate in cells exhibiting RhoA and RhoB loss of function, which were also
less efficient in repairing exogenous UV-lesioned DNA and cyclobutane pyrimidine dimers (CPDs). RhoAdeficient cells further presented reduced levels of pH2AX, pChk1 and pp53, which causally reflected in
accumulation on G1/S checkpoint of cell cycle, and low survival and proliferation rates in accordance with
UV aggressiveness. Consistent with that, NER-deficient cells (XPA, XPC or XPV) harboring depletion of
RhoA activity presented ultrasensitivity to UV effects. On the other hand, cells exhibiting higher levels of
RhoA-GTP (parental and RhoA-V14 mutants) are more resistant to UV-promoted cell death. This work
reveals an additional and essential role of RhoA protein in protecting cells exposed to damage promoted
by UV radiation, potentially acting to improve the pre-existing DNA repair processes triggered to control
cell cycle and death mechanisms, demonstrating a mechanism governing the communication between
cytoskeleton and genomic stability.
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Genomic Stability and DNA Damage Signaling during nervous system development and
degeneration
Rodrigo Alves Portela Martins - UFRJ (Brasil)
Stability of genomic DNA is fundamental to the faithful transmission of genetic information. Genomic
instability is a key feature of cancer cells and is also associated with other human diseases, including
developmental malformations and neurodegenerative disorders. To deal with DNA damage, cells evolved
conserved signaling pathways that coordinate DNA damage response (DDR). ATR is a PI3-kinase
involved in the signaling damaged DNA and its function depends on its interactor ATRIP. It´s know that,
in humans, ATR and ATRIP mutations lead to Seckel syndrome that is characterized by severe growth
defects and microcephaly. However, the etiology of this syndrome remains unclear. Our goal was to study
the functions of the Atr/Atrip signaling pathways during nervous system development in vivo. Inactivation of
Atr signaling pathway impaired brain and retinal development. Retinal progenitor cells accumulated DNA
double strand breaks and increased apoptosis. Interestingly, adult retinas were severely compromised
and presented defective lamination and dysplasia. We have seen that Atr pathway is crucial for the
survival and for the proper regulation of cell proliferation during CNS development. These findings may
contribute to better understand the malformations caused by Atr loss as previously described in human
syndromes and cancer.
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EFEITO DA GLUTATIONA SOBRE A FORMAÇÃO DE PRODUTOS DE OXIDAÇÃO A
GUANINA PELO OXIGÊNIO MOLECULAR SINGLETE
Glaucia Regina Martinez - UFPR (Brasil)
A oxidação do nucleosídeo livre 2’-desoxiguanosina (dGuo) e da base guanina (Gua) por oxigênio
molecular singlete (1O2) tem sido estudada ao longo das três últimas décadas, devido ao papel importante
de produtos de oxidação do DNA e dos níveis de glutationa em processos como envelhecimento,
mutação e carcinogênese. No presente trabalho investigamos a oxidação da dGuo e da Gua por 1O2
na presença do mais importante antioxidante de baixa massa molecular, a glutationa, nas suas forma
reduzida (GSH) e oxidada (GSSG). Foram aplicadas diferentes condições de concentração, pH, tempo
de incubação, além do uso de um endoperóxido derivado do naftaleno marcado com 18O como fonte
de 1O2 marcado (DHPN18O2). Os dados foram obtidos pela da análise dos principais produtos de
oxidação da dGuo e da Gua por cromatografia líquida de alta eficiência (HPLC) e de HPLC acoplado a
micrOTOF Q-II: os diastereoisômeros de espiroiminodihidantoina (dSp) e a 8-oxo-2’-desoxiguanosina
(8-oxodGuo). Como resultados interessantes, o aumento de 8-oxodGuo gerada a partir de dGuo oxidada
por 1O2 na presença de GSH ou GSSG foi confirmado, assim como a diminuição dos níveis de dSp em
ambas as condições. A incubação de 8-oxodGuo com DHPNO2 e GSH ou GSSG, ao invés de dGuo,
mostrou que a glutationa protege a oxidação de 8-oxodGuo à dSp. Em DNA, o aumento da geração de
8-oxodGuo só foi observado após adição da menor concentração de GSH ou GSSG. Todos os dados de
dGuo, 8-oxodGuo e dSp, juntamente com a quantificação o conteúdo residual de GSH/GSSG em cada
amostra sugerem fortemente que a glutationa modifica o mecanismo de oxidação da dGuo por 1O2 por
desfavorecer a via de formação de dSp. O aumento dos níveis 8-oxodGuo e a diminuição dos níveis de
dSp promovidos pela adição de GSH pode ter conseqüências biológicas sérias, tais como o aumento da
possibilidade da inserção da 8-oxodGuo pela DNA polimerase, o que pode gerar possíveis mutações e
assim aumentar o risco de carcinogênese. Além disso, este trabalho também investigou diversas reações
de síntese de 8-oxodGuo por reação contendo Fe2+ ou Cu2+ e H2O2/ascorbato para encontrar aquela
de maior rendimento. As reações encontradas na literatura foram analisadas, testadas e modificadas. A
8-oxodGuo sintetizada foi caracterizada por cromatografia líquida de alta eficiência (HPLC) e por HPLC
acoplado a micrOTOF. A reação otimizada foi capaz de sintetizar 8-oxodGuo com um rendimento de
72,0%, um resultado muito melhor que o encontrado nas reações propostas por outros autores. Este
método otimizado de síntese de 8-oxodGuo é de grande importância para ensaios que possam requerer
a síntese de padrões internos marcados com diferentes isótopos.
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Chlorinated Chromosomes: The Impact of Human Use on the Levels of Disinfection Byproducts and Mutagenicity of Swimming Pools and Hot Tubs
David M. DeMarini - U.S. Environmental Protection Agency (USA)
Pools and spas are enjoyed throughout the world for exercise and relaxation. However, there are no
previous studies on mutagenicity of disinfected spa (hot tub) waters or comprehensive identification of
disinfection byproducts (DBPs) formed in spas. Using 28 water samples from 7 sites, we report the first
integrated mutagenicity and comprehensive analytical chemistry of spas treated with chlorine, bromine, or
ozone, along with pools treated with these same disinfectants. Gas chromatography with high-resolution
mass spectrometry and membrane-introduction mass spectrometry were used to comprehensively identify
and quantify DBPs and other contaminants. Mutagenicity was assessed by the Salmonella mutagenicity
assay. More than 100 DBPs were identified, including a new class of DBPs, bromoimidazoles. XAD/
ethyl acetate extracts of brominated pool/spa waters were 1.8X more mutagenic than chlorinated ones;
spa waters were 1.7X more mutagenic than pools. Pool and spa samples were 2.4 and 4.1X more
mutagenic, respectively, than corresponding tap waters. The concentration of the sum of 21 DBPs
measured quantitatively increased from finished to tap to pool to spa; and mutagenic potency increased
from finished/tap to pools to spas. Mutagenic potencies of samples from a chlorinated site correlated
best with brominated haloacetic acid concentrations (Br-HAAs) (r = 0.98) and nitrogen-containing DBPs
(N-DBPs) (r = 0.97) and the least with Br-trihalomethanes (r = 0.29) and Br-N-DBPs (r = 0.04). The
mutagenic potencies of samples from a brominated site correlated best (r = 0.82) with the concentrations
of the 9 HAAs, Br-HAAs, and Br-DBPs. Human use increased significantly the DBP concentrations and
mutagenic potencies for most pools and spas. These data provide evidence that human precursors can
increase mutagenic potencies of pools and spas and that this increase is associated with increased DBP
concentrations. [Abstract does not necessarily reflect the policy of the US EPA.]
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AUTOPHAGY IN CANCER: FROM TUMOR TRANSFORMATION TO CHEMOTHERAPY
RESISTANCY
Luciana Rodrigues Gomes - Instituto de Ciências Biomédicas-USP (Brasil)
Autophagy is a highly conserved cellular process that mediates the degradation of intracellular components
in lysosomes. The different forms of autophagy (macroautophagy, microautophagy and chaperonemediated autophagy) coexist in all cells, acting both in physiological and pathological processes. By
preventing the accumulation of damaged/obsolete biomolecules and acting as a source of essential
metabolic precursors, autophagy is central to maintaining cellular homeostasis. Consequently, alterations
in the autophagic process are related to several human dysfunctions and diseases, such as: aging,
neurodegenerative diseases, metabolic syndromes and cancer. The autophagy relevance in the tumor
progression process is already well established. For cancer patients’ treatment, several clinical trials
using chemical modulators of this pathway are underway. However, the role of the distinct types of
autophagy at different stages of malignant progression and cellular contexts is conflicting, and should
be further clarified. In this presentation, results obtained by our group which exemplify the dual function
of autophagy in tumorigenesis will be presented. Firstly, acting as tumor suppressor, we will show that
the chaperone-mediated autophagy (CMA) pathway is able to prevent cell transformation induced by
the c-Myc oncogene. In this sense, cells CMA deficient presented higher levels of c-Myc protein, cell
proliferation, transformation (number of foci in high confluence and of colonies in semi-solid substrate)
and metabolic changes related to the tumor phenotype. Later in this conference, the protumor role of
macroautophagy in human tumor cells will be approached, more specifically those related to induction of
chemotherapy resistance. In this work, we demonstrated that the microenvironment, through extracellular
matrix, is able to modulate the response of breast tumor cells to doxorubicin (DOXO). This difference
in cellular response to DNA damage between cells in monolayer and in three-dimensional culture was
shown to be dependent on p53 and autophagy.
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ESTUDO DE LETALIDADE SINTÉTICA NO TRATAMENTO ONCOLÓGICO
Tirzah Braz Petta Lajus - UFRN (Brasil)
Aproximadamente 50% de todos os tumores diagnosticados apresentam mutações que inativam
p53, levando sua perda parcial ou completa de função. Em muitos canceres onde p53 não está
mutado, a função da sua via encontra-se comprometida por outros mecanismos, como o ganho de
função, amplificação ou alta expressão de HDM2. Tal proteína é uma ubiquitina-ligase responsável
pela degradação de p53 na célula através do proteassomo, além de impedir a atividade de fator de
transcrição exercida por p53. Sendo assim, hipoteticamente, bloquear a interação HDM2-p53 pode levar
a estabilização da concentração de p53 na célula, promovendo a atividade normal da sua via levando as
células tumorais a apoptose. Baseado nessa hipótese, vários inibidores de HDM2 vem sendo produzidos
e estão atualmente em fase clínica, dentre eles o CGM907, molécula sintetizada para reproduzir os sítios
de interação de HDM2 com p53. O desafio da medicina de atenção ao câncer sempre foi identificar
compostos capazes de afetar células tumorais e poupar as normais, enquanto que a maioria dos
quimioterápicos usados atualmente foram escolhidos pela sua capacidade de matar rapidamente células
tumorais em crescimento. A letalidade sintética fornece um embasamento teórico capaz de solucionar
tal desafio. O nosso trabalho caracteriza as respostas de dano e reparo do DNA após o tratamento com
CGM097, droga cedida pelo grupo farmacêutico Suíço Novartis Pharma, além de analisar e expressão
de proteínas da via HDM2-p53 e de reparo do DNA após o tratamento com CGM097 respectivamente,
em células cuja via de reparo por excisão de nucleotídeos (NER) é comprometida (XPA e XPC), com o
intuito de compreender os efeitos da Letalidade Sintética (SL) em células deficientes no reparo do DNA.
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NOVOS PROTÓTIPOS ANTITUMORAIS PARA O TRATAMENTO DO CÂNCER:
RESULTADOS DE TESTES PRÉ-CLÍNICOS
Elisângela de Paula Silveira Lacerda - UFG (Brasil)
Novos protótipos antitumorais para tratamento do câncer: resultados de testes pré-clínicos.
Esta apresentação tem como objetivo mostrar resultados com novos protótipos antitumorais à base
de rutênio, que vem apresentando dados promissores nos testes pré-clínicos de citotoxicidade,
genotoxicidade, mutagenicidade, além do estudo de mecanismo de morte celular.
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EFFECTS OF INHIBITION OF REDOX AND REPAIR FUNCTIONS OF THE PROTEIN APE1
COMBINED TO PHOTODYNAMIC THERAPY IN CANCER TREATMENT
Franchi LP1, Mello MT1, and Tedesco AC1
1.

Center of Nanotechnology and Tissue Engineering - Photobiology and Photomedicine (CNET),
Department of Chemistry, FFCLRP, University of São Paulo, 14040-901, Ribeirão Preto-SP, Brazil.

Photodynamic therapy (PDT) has been used to treat cancer by activation of a photosensitizer (PS)
generating high levels of oxidative stress. Thus, here we highlight the effects of PDT and its combination
with molecules that inhibit repair (methoxyamine – MX, and NCA) and redox (E3330) functions of
the APE1 protein. APE1 is a key protein involved in base excision repair, and also acts as important
co-activator of transcription factors such as p53 which is a multifunctional regulator of cell death. We
hypothesized that inhibition of APE1 would sensitize cancer cells to PDT. These effects were compared
between HeLa (human cervical adenocarcinoma) and A549 (human lung adenocarcinoma) cells. The PS
used was chloroaluminum phthalocyanine incorporated into nanoemulsion and the cells were treated for
3 h in combination to each APE1 inhibitor (concentrations: MX-40 mM, NCA-500 µM, E3330-50 µM). The
visible light (@ 670 nm) dose used to irradiate cells was 0.5 J/cm2. Expression of APE1 protein and its
modulation by PDT were evaluated by Western Blot. The treatments were evaluated in terms of viability
(ViaCount assay), cell cycle and subG1 content, and identification of apoptosis and/or necrosis by flow
cytometry. First, in relation to A549 cells: no alterations in viability was observed; nor cell cycle changes or
sub-G1 cell accumulation; and no increasing in apoptosis and necrosis rates in the combined treatments
with all inhibitors (PDT+MX, PDT+NCA, PDT+E3330) related to PDT. Otherwise, in relation to HeLa cells:
1º) the combined treatment with MX increased cell death (ViaCount) by 23% (60% vs. 83%, PDT vs.
PDT+MX, p<0.05); increased sub-G1 cell population (from 46% to 62%, PDT vs. PDT+MX, p<0.05); and
increased apoptosis from 45% to 68% (PDT vs. PDT+MX, p<0.05) as detected by annexin-V labeling.
2º) The NCA inhibitor did not modulate the effect of PDT. 3º) Finally, the E3330 molecule increased the
effects of PDT at 35% in cell death induction (55 vs. 90%, PDT vs. PDT+E3330; p<0.05). It also increased
the subG1 population (43% vs. 66%, PDT vs. PDT+E3330; p<0.05) and apoptotic cells from 50% to 74%
(PDT vs. PDT+E3330; p<0.05). Expression of APE1 protein and its modulation after PDT were greater
in HeLa (2.08-fold increased) than in A549 cells and would explain the substantial cytotoxic differences
between these cell lines. Thus, together these results stated that PDT efficacy can be improved by MX
and E3330 impairment in high APE1 expressive cells.
Financial support: FAPESP # 2014/11870-9, 2013/50181-1 and FINEP 01.10.0758.01.
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CONTRIBUTION OF DYES ON MUTAGENICITY OF PIRACICABA RIVER
Francine Inforçato Vacchia - UNICAMP (Brasil)
Dyes are used in the coloration of different substrates, but the largest use is on textiles industries.
Dyes are emergent contaminants and have being found in the environment, especially in Brazil, India
and China. The aim of this study was to analyze the occurrence of dyes in surface water under the
influence of textile industries discharges; and evaluate the contribution of dyes in the mutagenicity of
those samples. Samples were collected in Piracicaba river before WWTP discharge, Quilombo river,
WWTP treated effluent, and Piracicaba river after WWTP, in Americana city, SP State, Brazil. Samples
were organically extracted by liquid-liquid using dichloromethane/methanol (2.5:1 v/v) and analyzed by a
Linear Ion Trap Quadrupole LC-MS/MS. Extracts were tested in the Salmonella/microsome assay using
microsuspension method with strains TA98 and YG1041, in the absence and presence of exogenous
metabolic activation (S9). Six disperse dyes were detected in in the samples and the most frequent dyes
were Disperse Red 1, Disperse Blue 291, Disperse Blue 373, Disperse Violet 93 and Disperse Yellow
3. Samples were mutagenic in Salmonella/microsome assay and the highest potencies were found in
Piracicaba River after the discharges with YG1041 with S9. The dyes Disperse Blue 373 and Disperse
Violet 93 are the major contributors to the mutagenicity of the samples, corresponding more than 40%
in Quilombo river and more than 30% in Piracicaba river after the discharges, both cases with YG1041
with S9. We can conclude that dyes are present and contributing for the mutagenicity of Piracicaba River;
and the discharges of Quilombo River and WWTP effluent are increasing in 10 times the mutagenicity of
Piracicaba River.
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DISPERSE RED 1: A TEXTILE DYE WITH TOXICOGENETIC EFFECT IN MOUSE
Fábio Henrique Fernandes - UNESP-Botucatu (Brasil)
Environmental pollution is not limited to ecological damage, but also gives rise to harmful effects to
human health. Water contaminants may are present even in drinking water, because sometimes they
are not completely eliminated by conventional treatment. Currently, the contamination of water by azo
dyes used in the textile industry has drawn attention due to their mutagenic potential. Our study was
designed to evaluate the toxicogenomic activity of Disperse Red 1 (DR1) azo dye in mouse bone marrow,
peripheral blood, liver and kidney cells. Data showed an increased frequency of micronuclei bone marrow
cells. Additionally, DR1, at concentrations similar to those found in river water, induced DNA damage in
liver cells and acted modulating the expression of genes related to apoptosis (BCL2 and BAX – blood),
inflammation (IL1B – liver) and cell-cycle control (CDKN1A – liver). In conclusion, our results demonstrated
that in vivo acute exposure to DR1 dye is able to cause genetic changes in mouse cells.
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BRAZILIAN LAW AND REGULATIONS – AN OVERVIEW ON INDUSTRIAL DISCHARGES
IN SURFACE WATERS
Deborah A. Roubicek – CETESB (Brasil)
Industrial liquid effluents are complex, heterogeneous and poorly characterized mixtures, containing a
large number of contaminants that generally pass through a treatment system before being discharged
into receiving water bodies. However, many toxic compounds may not be retained during the treatment
processes, or they may be generated during treatment. The best way to control hazardous substances is
to find a combination of tools that can diagnose together the adverse effects caused by these compounds
on exposed organisms. The release of industrial effluents to river waters in Brazil is regulated by CONAMA
Resolution 357/2005, which divides water bodies in different classes according to its uses, establishes
their quality standards and establishes national regulatory standards for wastewater discharged to surface
waters. CONAMA Resolution 430/2011 improved the former, by stating that existing water quality shall
be maintained, which means that no discharge can contaminate waters to the point of impair their class
group, and states that effluents cannot cause toxic effects on aquatic organisms living in the receiving
waters. One of the attributions of CETESB, São Paulo State Environmental Company, is to assure that
local industries comply with those regulations. It is a huge challenge, since the state is the main economic
and industrial hub in Latin America. São Paulo’s industrial sector, recognized for its specialization in
higher added value manufactures and technological content, encompasses more than 120,000 industries.
CETESB licenses all potential polluters within the state, and controls their operations and emissions.
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BOTRIOSFERANA, UM EXOPOLISSACARIDEO COM ATIVIDADES PROTETORAS EM
CÉLULAS DE MAMÍFEROS
Ilce Mara Syllos Colus - UEL (Brasil)
Currently there is great scientific and commercial interest in identifying of new anticarcinogenic agents from
natural sources, since they are more available and present less adverse effects than chemotherapeutic
agents present. The Mutagenesis and Oncogenetics laboratory of State University of Londrina, in Londrina,
Paraná (Brazil) have been investigating natural products that possess anti-cancer chemoprevention
potential. Among the compounds investigated is the botryosphaeran, an exopolysaccharide (EPS)
isolated from the ascomycete fungus Botryosphaeria rhodina MAMB-05. It consists of a linear backbone
chain of D-glucose residues linked by β-(1→3) bonds, to which are attached appendages of D-glucose
and diglucose (gentiobiose) linked by β-(1→6) bonds. Research from our Lab have examining the effects
of botryosphaeran on cell viability, oxidative stress, genetic instability, as well as different mechanisms of
action that would be triggered by this biopolymer. These studies allowed to recognize several biological
activities of this β-glucan: i) it was not mutagenic in mice (micronucleus test) [Miranda et al., 2008], in
bacteria (Ames test) [Malini et al., 2016], in human lymphocytes in vitro [Malini et al., 2016; Mori et al.,
in preparation], in Chinese hamster lung fibroblast-V79 and in hepatocarcinoma-HTC (Kerche et al.,
2017) cell-lines; ii) it nor was it genotoxic (Comet assay) [Kerche et al., 2017; Malini et al., 2016 ]; hence
iii) it has GRAS status, and is probably safe for human use. Furthermore, botryosphaeran i) exhibited
antigenotoxic activity against DNA damage induced by the alkylating agent, methyl methanesulfonate,
in normal and tumor (Jurkat) human lymphocytes [Malini et al, 2016]; ii) protected human lymphocytes
against DNA damage and cell death induced by bleomycin [Mori et al., in preparation] and iii) it decreased
the mutagenic effects induced by mutagens such as doxorubicin, H2O2, and benzo[a]pyrene in V-79
and HTC cells, assessed by the micronucleus test [Kerche et al., 2017]. The mechanism of action of all
these activities is still not well understood, but our group is advancing in the knowledge and may be that
involves cell-signaling pathways that supress tumourigenesis (cell antiproliferation) through apoptosis,
necrosis, oxidative stress. One of the molecular mechanisms of action of this EPS appears to be involved
in the repression of genes related to cell cycle control and specific changes in the dynamics of the
mitotic spindle microtubules [Malini et al., 2015]. The compounds mainly used for therapeutic purposes
are considered xenobiotics and must first be validated, which means, they have a proven action and
have had their potential toxicity evaluated. Therefore, botryosphaeran’s biological activities assessment
investigated by us using different assays aims to characterize the biological potential of this β-glucan
and its mechanism of action; to stablish safe doses of consumption and ensure the use of non-cytotoxic
concentrations of this; as well as identify it as a new compound that can be employed as agent for cancer
prevention and treatment.
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QUIMIOPROTEÇÃO POR NANOEMULSÃO DE LDE EM PRIMATAS SAPAJUS APELA
Rommel Mario Rodríguez Burbano - UFPA (Brasil)
Nanopartículas têm sido utilizadas como veículos para agentes quimioterápicos no tratamento do
câncer, visto que podem atenuar os graves efeitos tóxicos desses agentes. Este estudo teve como
objetivo investigar o tratamento crônico da associação do antineoplásico paclitaxel a um sistema de
nanopartículas, a base de lipídios, em primatas não-humanos da espécie Sapajus apella, por meio de
análises hematológicas, histopatológicas, de genotoxicidade e de bioquímica sérica. As nanopartículas
a base de lipídios (LDE), utilizadas nesta investigação, são constituídas por ésteres de colesterol, lectina
e treonina, com adição de paclitaxel. Foram estudados 18 Sapajus apella; divididos em seis grupos
de três animais, os quais foram tratados por via intravenosa com: (1) solução salina, (2) LDE, (3) LDE
associado ao paclitaxel a 175 mg/m², (4) LDE associado ao paclitaxel a 250mg/m², (5) paclitaxel a 175
mg/m² e (6) paclitaxel a 250mg/m². Os animais foram submetidos a seis ciclos de tratamento, cada
ciclo tinha uma duração de três semanas e, após o último ciclo de tratamento, foram submetidos a
eutanásia por dosagem letal de anestésico. No grupo LDE-paclitaxel nenhuma toxicidade clínica ou
alteração celular foi observada, o peso, assim como o consumo de alimentos foram semelhantes aos
animais pertencentes ao grupo controle. O tratamento foi interrompido após o segundo ciclo, nos três
animais do grupo que recebeu o paclitaxel na forma comercial na dose de 250mg/m², devido a elevada
toxicidade clínica. Os animais que receberam o paclitaxel a 175 mg/m² apresentaram, além de danos
genéticos e hematológicos, perda de peso, náuseas e vômitos, diarréia, lesão inflamatória descamativa,
perda de 70% do pelo corpóreo e diminuição da atividade física. O uso de LDE como transportador de
fármaco, em ambos as doses, neutralizou consideravelmente a toxicidade do fármaco em primatas
Sapajus apella. As observações das manifestações clínicas, genéticas, bioquímicas e hematológicas,
foram corroboradas também pela análise histopatológica do estômago, intestino delgado e grosso,
esôfago, pâncreas, traqueia e da vesícula biliar. Os resultados suportam a hipótese de que o LDE é uma
ferramenta valiosa na diminuição da toxicidade e aumenta a segurança dos agentes quimioterápicos,
assim como, amplia a sua utilização em outras doenças crônicas que não o câncer.
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Effects of medicinal plant diterpenes on the chemoprevention of cancer in experimental
models
Denise Crispim Tavares - Universidade de Franca, São Paulo (Brazil)
Population studies suggest that a reduced risk of cancer is associated with high consumption of
vegetables and fruits. Thus, the cancer chemopreventive potential of naturally occurring phytochemicals
is of great interest. Phytochemicals constitute a heterogeneous set of bioactive compounds classified
by chemical structure. The terpenoids are a class of secondary metabolites, being the largest and most
diverse class of plant compounds. Diterpenes are one of the terpene classes derived from an isoprene
unit containing 20 carbon atoms. This class of natural products exhibit a wide range of biological activities
such as antibiotics, anti-inflammatory, and anti-tumor effects. Chemopreventive effects were observed by
diterpenes pimaradienoic acid, (-)-copalic acid and manool against different mutagens in experimental
models in vitro and in vivo. The results also showed that the anti-inflammatory potential of these diterpenes
should be related to their chemopreventive effects.
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NEW APPROACHES FOR DETECTING HERITABLE GENETIC DAMAGE IN GERM CELLS
AND DEVELOPING EMBRYOS
Francesco Marchetti - Health Canada (Canada)
There is a renewed interest in identifying environmental agents and lifestyle factors that increase the
risk of heritable genetic hazard. It is also increasingly recognized that diverse genomic changes can be
induced in germ cells and the developing embryo and impact the health of the offspring. The goal of our
research is to develop, validate, and implement novel methods for identifying environmental factors that
cause heritable genetic damage using the MutaMouse transgenic rodent model. Our results show that: 1)
both point mutations and tandem repeat mutations are induced in mouse spermatogonia; 2) male germ
cells have a spectrum of spontaneous and induced mutations that is different from somatic tissues; 3)
assays for detecting DNA damage in sperm can be easily integrated into standard regulatory designs
investigating genotoxicity in somatic cells; and, 4) in utero development is a sensitive window for the
induction of mosaicism, a condition that is increasingly associated with human genetic diseases. These
findings illustrate the utility of these methods for understanding the mechanisms of induction of heritable
genetic damage and the potential consequences of exposures to environmental chemicals on abnormal
reproductive outcomes.
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TELOMERE EROSION, DNA DAMAGE AND P53 ACTIVATION MEDIATE FAILURE OF
HUMAN DEFINITIVE HEMATOPOIESIS IN BONE MARROW FAILURE SYNDROMES
Luis Francisco Zirnberger Batista - Washington University in St. Louis (USA)
Dyskeratosis congenita (DC) is a bone marrow failure syndrome where patients have telomeres below
the first percentile in length when compared to the rest of the population. Patients with DC come to clinical
attention during childhood and have a wide range of clinical manifestations, with bone marrow failure
being the major cause of death. However, the progression and molecular determinants of hematopoietic
failure in DC remain poorly understood, as mouse models do not fully recapitulate the human disease. In
addition, patient samples are rare and cannot address the effect of telomere deficiency on the genesis of
tissue failure that occurs during hematopoietic development. Here, we use the directed differentiation of
human embryonic stem cells (hESCs) to understand the consequences of DC-associated mutations on
the primitive and definitive hematopoietic programs. To achieve that, we created isogenic (CRISPR/Cas9engineered) hESCs carrying disease-associated mutations in the telomerase components TERT (TERT_
P704S) and DKC1 (DKC1_A353V), and also in the shelterin component TINF2 (TIN2_K280X). These
telomerase mutant hESCs have reduced telomerase activity and progressive telomere shortening in culture.
Interestingly, telomere shortening causes a significant expansion of primitive hematopoietic progenitors.
However, while definitive hemogenic endothelium is specified, the endothelial-to-hematopoietic transition
and definitive erythro-myeloid potential are significantly ablated in DC cells with short telomeres. These
observations indicate that the effects of telomere shortening on hematopoiesis are not pan-hematopoietic,
but instead are specific to definitive hematopoiesis. We show that the failure to specify definitive
hematopoietic progenitors is caused by the accrual of DNA damage and is mediated by p53. Genetic
deletion of p53 in DC cells with short telomeres restores definitive hematopoietic specification. Likewise,
telomerase reactivation in DC-mutant cells efficiently restored definitive hematopoiesis specification to
normal levels. Our findings elucidate a novel role of DNA damage-induced p53 signaling in hematopoietic
development and demonstrate the value of in vitro hematopoietic differentiation assays to study the
pathogenesis of bone marrow failure in DC patients.
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MITOCHONDRIAL DNA REPAIR CHANGES IN AGING MODELS
Nadja Cristhina de Souza Pinto - IQ/USP (Brasil)
Mitochondria play a critical role in cellular homeostasis. The mitochondrial DNA (mtDNA) encodes
13 protein subunits of 4 of the 5 respiratory complexes, and as such, its integrity is essential for ATP
generation. Accumulation of mtDNA damage has been observed in aging and in several age-associated
diseases, raising the question of whether DNA repair activities are altered during the aging process.
Alzheimer’s disease (AD) is characterized by a progressive cognitive decline that affects the individual’s
social and occupational roles. Previous results suggest that accumulation of DNA damage and changes in
DNA repair and damage tolerance may have a role in AD progression. Base Excision Repair (BER) is the
main repair pathway for small base modifications, abasic sites and single-strand breaks, the quantitatively
most relevant types of DNA lesions in AD. Thus, we investigated whether alterations in BER in the brain
play a causative role during AD development. Nuclear and mitochondrial fractions were obtained from
autopsy brains from cognitively normal, AD subjects and individuals who show neuropathological AD
features, but remained cognitively normal (asymptomatic AD - asAD). BER activities were measured
using a fluorescence-based in vitro assay. UDG activity was reduced in cerebellum from both AD and
asAD, when compared with age-matched controls, while in temporal cortex only AD subjects showed
statistically significant decrease. As UDG activity contributes to maintain mtDNA integrity, we measured
mtDNA mutation rate using the Random Mutation Capture assay, and no difference was observed in
mtDNA mutation frequencies. However, we detected a significant decrease in mtDNA copy number in
in the temporal cortex from AD brains, which is one of the most affected brain regions in AD pathology.
Interestingly, this decrease is not accompanied by lower mitochondrial mass, as citrate synthase activities
are even higher in the AD temporal cortex. Even with lower BER activities, AD individuals do not accumulate
mutations but show significant loss of mitochondrial genomes in the most stressed brain environment.
The observation of reduced BER activities in AD brains suggests that BER capacity may be an underlying
variable that modulates the cellular responses to the insults that result in the AD neuropathology.

38

XII CONGRESSO da MutaGen-Brasil - 2017
NOVOS MECANISMOS NA INTERFACE ENTRE O METABOLISMO E O
ENVELHECIMENTO
Marcelo Alves Mori - Instituto de Biologia UNICAMP (Brasil)
Nesta palestra devo abordar como meu laboratório vem identificando e caracterizando novos mecanismos
que controlam o metabolismo e influenciam a maneira como envelhecemos. Para isso utilizamos modelos
celulares e animais como o C. elegans e o camundongo. Temos o particular interesse em entender
como intervenções que prolongam a vida saudável – como a restrição dietética e o exercício físico –
são capazes de promover seus efeitos benéficos. Buscamos para isso uma abordagem integrativa,
onde tentamos identificar como órgãos endócrinos como o tecido adiposo se comunicam com outros
tecidos para controlar a homeostase fisiológica de organismos multicelulares. Estudamos portanto sinais
moleculares oriundos desses tecidos, em resposta a alterações do balanço energético, que podem servir
como guias para a busca de intervenções farmacológicas ou nutricionais visando um envelhecimento
mais saudável. Para maiores informações sobre a linha de pesquisa do laboratório visite o site: http://
morilab.wixsite.com/morilab.
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O DESEQUILÍBRIO REDOX NO PROCESSO DO ENVELHECIMENTO
Ana Lucia A. Ferreira - Faculdade de Medicina de Botucatu-UNESP (Brasil) e 			
Caroline Martins Sandanielo Marques - Universidade Federal do ABC, Santo André, SP (Brasil)
O envelhecimento é caracterizado pela deterioração progressiva das funções fisiológicas, levando ao
prejuízo da homeostase do organismo e a uma maior susceptibilidade à doença e à morte. O aumento
expressivo da expectativa de vida tem desafiado a comunidade científica a ampliar o conhecimento
sobre patogênese e estabelecer estratégias terapêuticas para minimizar os impactos do envelhecimento.
Diversas teorias, incluindo a dos radicais livres, tentam explicar o complexo processo do envelhecimento.
Essa teoria sugere que o desequilíbrio redox (estresse oxidativo) aumenta com a idade e é um importante
mecanismo nas doenças associadas ao envelhecimento. Várias evidências indicam que o desequilíbrio
redox, presente no envelhecimento, está associado a um processo inflamatório de baixo grau. Resultados
de alguns estudos tem indicado uma associação positiva entre longevidade e resistência ao estresse
oxidativo. Por outro lado, outros achados sugerem que o aumento da expressão de antioxidantes não
aumenta a longevidade. Dessa forma, não é claro se o desequilíbrio redox corresponde ao mecanismo
determinante no envelhecimento.
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OXIDATIVE AND GENOTOXIC DAMAGE IN NEURONAL CELLS CAUSED BY ADVANCED
GLYCATION END PRODUCTS (AGEs) GENERATED BY GLYCOXIDATION MEDIATED BY
COPPER AND REACTIVE OXYGEN SPECIES (ROS).
Marques CMS¹, Nunes EA², Sato RH1, Silva DA3 and Cerchiaro G¹,².
1.

Universidade Federal do ABC – Programa de Pós Graduação em Química/Tecnologia. Avenida dos
Estados, 5001; Santo André/SP – Brasil.

In Diabetes Mellitus the glucose excess in the blood can influence metabolism processes, such as increased
protein glycation. It generates Advanced Glycation End Products (AGEs) that are being correlated with
increase of oxidative stress, inflammation and development of neurodegenerative diseases. This process
can be accelerated in the presence of trace metals and free radical, generating a new process, the
glycoxidation. Seeking to assess the damage to DNA by AGEs in neuronal cells, we used the CBMN
(Cytokinesis-block micronucleus cytome assay) for genotoxic and mutagenic evaluation. The AFM
(Atomic Force Microscopy) assay was used to evaluate the morphology and topographic alterations in
neuronal cells caused by AGEs. For evaluation of oxidative damage, protein carbonylation assay and
oxidative stress assay by glutathione oxidase/reductase levels method are in course. We performed an
in vitro glycoxidation system using a peptide model derived from the HSA in the presence of glucose and
oxidizing environment (Cu(II) and H2O2), in which the reaction products were identified, quantified isolated
and purified by HPLC/MS technique. The AGEs obtained in peptide modification caused by glycoxidative
system, were characterized, purified and prepared different solutions at the following concentrations of
the modified peptide (MP), MP 15 μM, MP 29,50 μM and MP45 μM, and finally were tested in motor
neurons (NSC34 line). Our results demonstrated increased dose-dependent in DNA damage. Evaluating
the results obtained by CBMN, only MP15 μM treatment showed decreased nuclear division (NDI =
1.86 ± 0.03). Other results obtained by CBMN also demonstrated a dose-dependent in cell death (via
apoptosis), nuclear abnormalities (NBUD and NPB) and micronuclei induction. The AFM studies of the
cell morphology, visually, revealed that the cell volume increased in dose-dependent of MP treatment,
and the presence of possible cellular apoptotic bodies was observed, evidencing cell death via apoptosis
as noted in the CBMN assay. The NSC-34 cells that were exposed to the MP demonstrated an increase
in the membrane roughness and dome formation compared with the control cells. The preliminary results
of protein carbonylation and oxidative stress assay indicate increased carbonylation of proteins caused
by MP treatment and redox unbalance observed at altered levels of glutathione ratios. We observed the
genotoxic effects as cell death, oxidative damage and stress oxidative in NSC-34 cells caused by AGEs.
Financial Support: FAPESP, CAPES and UFABC.
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QUANTITATIVE ANALYSIS OF DNA DAMAGE SIGNALING RESPONSES
Francisco Meirelles Bastos de Oliveira - UFRJ (Brasil)
Phosphorylation-mediated signaling is essential for maintenance of the eukaryotic genome. The
evolutionarily conserved kinases ATR and ATM sense specific DNA structures generated upon DNA
damage or replication stress and mediate an extensive signaling network that impinges upon most
nuclear processes. ATR/ATM signaling is highly regulated and can function in a context-dependent
manner. Thus, the ability to quantitatively monitor most, if not all, signaling events in this network is
essential to investigate the mechanisms by which kinases maintain genome integrity. Using the model
organism Saccharomyces cerevisiae, we provide an example for how Quantitative Mass-Spectrometry
Analysis of Phospho-Substrates (QMAPS) can be applied to define the effect of genotoxins, illustrating
the importance of quantitatively monitoring multiple kinase substrates to comprehensively understanding
kinase action.
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The involvement of NER and BER pathways in neurodegenerative disorders using the
model organism Caenorhabditis elegans
Riva de Paula Oliveira - UFRN (Brasil)
Neurodegenerative disorders (ND) are a heterogeneous group of diseases that are characterized by
the progressive degeneration of the structure and function of the central nervous system or peripheral
nervous system for reasons that are not completely understood. Several ND have been linked to
elevated levels of DNA damage induced by reactive oxygen species (ROS). Deficiencies in DNA repair
mechanisms involving the nucleotide excision repair (NER) and base excision repair (BER) pathways
cause human pathologies associated with severe neurological symptoms. These clinical observations
suggest that defective NER and BER might also play a critical role in chronic ND. Moreover, transcriptome
analysis in NER- and BER-deficient cells revealed decreased expression of several genes associated
with development or progression of ND including mitochondrial metabolism and protein degradation by
ubiquitin-proteasome pathway. Despite the research progress, the exact role of NER and BER in chronic
ND remain unclear. Here, we used the model organism Caenorhabditis elegans to investigate the effects
of NER and BER impairment in the progression of Alzheimer’s disease (AD) and Huntington’s disease
(HD) phenotypes. For HD, we examined the aggregation pattern of PolyQ proteins in transgenic animals
expressing either 35 or 40 glutamine (CAG) repeats fused with the Yellow Fluorescent Protein (YFP) in
the muscle cells. The threshold for polyQ aggregation is dynamic and age-dependent in which longer
expansions correlate with earlier onset, and increased number of aggregates. Knocking down by RNAi
of either NER (xpa-1 or csb-1, orthologs of human XPA and CSB genes respectively) or BER (exo-3,
ortholog of human APE1 gene) significantly increased the average number of polyQ aggregates. Also,
inactivation of xpa-1, csb-1 or exo-3 accelerated b-amyloid (Ab) induced paralysis in the transgenic C.
elegans model which expresses human Ab1–42 in the muscle. Double RNAi of both NER and BER genes
enhanced the paralysis profile compared with single knocking down. These results suggest that both
NER and BER pathways play an important role in ND progression.
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The 9-1-1 checkpoint clamp modulates gene amplification in the protozoan Leishmania.
Luiz Ricardo Orsini Tosi - FMRP-USP (Brasil)
The protozoan parasites of the Leishmania genus have a remarkably plastic genome in which chromosome
and gene copy number variation (CNV) is a common feature, frequently associated to mechanism of drug
resistance. These facts prompt us to investigate the Leishmania DNA damage response (DDR), which in
other eukaryotes mitigate various common causes of CNV.
The 9-1-1 checkpoint complex (RAD9, RAD1 and HUS1) is a pivotal player in the detection and signaling
replication stress and DNA damage in other eukaryotes. Despite of the fact that L. major expresses a
functional 9-1-1 complex homolog, with some of the canonical features of this checkpoint clamp, the
subunits RAD9 and HUS1 are also found outside the 9-1-1 context. We found that DNA synthesis is
decreased in RAD9-deficient cells (RAD9+/-) but increased in HUS1-deficient cells (HUS1+/-), suggesting
the functional compartmentalization of these subunits. Apparently, this effect is not due to a defective
activation of early-S origins of replication, as revealed by genome-wide MFAseq prediction of DNA
replication initiation. We tested if the effect on replication correlated with CNV of the DHFRTS locus upon
stepwise selection in methotrexate (MTX). We found that gene amplification was detected in WT cells
from 500M MTX. In contrast, MTX concentrations as low as 20M were sufficient to select RAD9+/- and
HUS1+/- cells bearing amplicons. Whole genome sequencing revealed distinct patterns of chromosome
CNV, SNP number and distribution between RAD9+/- and HUS1+/- cells. Altogether, our data indicate
that these 9-1-1 subunits are required for genome stability and that their involvement in CNV is possibly
related to replication-linked processes. Also, our findings suggest that RAD9 and HUS1 act by distinct
mechanisms to mediate genome maintenance and stability in Leishmania.
Support: FAPESP; CAPES.
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RECRUITMENT KINETICS OF HOMOLOGOUS RECOMBINATION PATHWAY IN
TRYPANOSOMA BRUCEI AFTER IONIZING RADIATION
Marín PA1, da Silva MS1, Pavani RS1, Machado CR2, and Elias MC1
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E-mail: pamm0414@gmail.com
Trypanosoma brucei is the etiological agent of Human African Tripanossomíase and has evolved an
extracellular lifestyle in the mammalian host mainly using the antigenic variation strategy. The molecular
basis for the variation of expressed Variant Surface Glycoproteins (VGS) involves DNA recombination
events resulting of Double Strand Breaks (DSBs) generated from fragile subtelomeric sites. Thus, the
mechanisms involved in DSBs generation, as well as molecules working in the DSBs repair processes,
seem to have strong correlation with the ability of T. brucei to escape from host’s immune system. To
ensure genomic integrity eukaryotic cells have evolved two canonical repair pathways in response to
DSBs, homologous recombination (HR) and non-homologous end joining (NHEJ). In T. brucei some of
the genes involved in NHEJ were not found, strongly suggesting that this repair mechanism is lacking in
this organism. On the other hand, despite genes involved in HR were found and studies have identified
some of the proteins that participate in HR pathway, the detailed reaction and recruitment kinetic of
the machinery onto DNA during DSB repair are not clearly elucidated. Using DNA fragmentation and
chromatin protein ligation assays we were able to establish the recruitment kinetics of HR pathway,
involving Exo1, RPA and Rad51, in response to DSBs generated by 50Gɣ of ionizing radiation (IR) in
T brucei. Using γH2A as marker of DSB, we could see that the complete process of DSBs repair took
about 5.5 hours evidenced for the absence of γH2A bound to DNA. Also, we found that DSB induced with
IR impairs DNA replication in T. brucei, blocking EdU incorporation two hours after treatment. Six hours
after damage, the DNA synthesis was completely recovered. DNA replication block was not observed
by adding caffeine before IR, strongly suggesting that a signaling pathway is activated inhibiting DNA
replication and that is probably dependent of kinases (ATM/ATR) activity. Taken together, these data
suggest that interplay between DNA replication arrest and HR activation is finely coordinated in T. brucei,
allowing these parasites continue to replicate DNA just after DSBs repair.
Financial Support: São Paulo Research Foundation (FAPESP) – processes 2015/10580-0,
2014/24170¬-5; and National Counsel of Technological and Scientific Development (CNPq) – process
870219/1997-9.
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A INTERAÇÃO ENTRE GENES E AMBIENTE NOS DEFEITOS CONGÊNITOS
Lavinia Schuler Faccini - UFRGS (Brasil)
Os defeitos congênitos atingem em torno de 3% dos nascimentos na espécie humana. Em sua etiologia
contribuem causas genéticas ou ambientais maiores, mas na maioria dos casos, suas manifestações
dependem da interação entre estes dois fatores. Na apresentação utilizaremos exemplos desta
complexa interação usando como modelos síndromes teratogênicas clássicas como a talidomida e a
recém identificada síndrome congênita pelo zika vírus.
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GENOTYPIC CHARACTERIZATION OF BRAZILIAN PATIENTS WITH NUCLEOTIDE
EXCISION REPAIR DEFICIENCY
Castro, L.P.1, Munford, V. 1, Moura, L. 2, Ezquina, S. 3, Valle, F.F. 4, Bertola, D.R. 3, Souto, R.5,
Chaibub, S.C.6, Menck C.F. 1
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Human Syndromes deficient on nucleotide excision repair are know to display photosensitivity
and/or neurological problems, such as xeroderma pigmentosum (XP), Cockayne syndrome and
trichothiodystrophy (TTD). Case reports and genotypic descriptions of patients have been published
worldwide, mainly in North America, Europe, Africa and Japan. The follow up of these patients for
decades and the study with these cells led to an understanding of what is currently known about the
molecular pathways and genetic defects involved in the phenotypes of these syndromes. In Brazil, a few
case-reports describe some patients with these phenotypes, and genetic and molecular characterizations
are scarce. With the possibility to identify mutations directly with New Generation Sequencing (NGS)
techniques, we initiated a project to diagnose the mutations involved in these NER syndromes. Thus,
up to now, we identified mutations for 39 Brazilian patients, including 17 XP-V patients from Faina, GO,
isolated community (Munford and Castro et al, 2016). Many of these mutations are novel and include 26
XPV, six XPC, one XPA and five XPE genes for XP patients, and one XP-D/ERCC2 for TTD and two CS
patients, one mutated at CSB/ERCC6 and one XPA mutated. The molecular diagnosis of these patients
offers not only data for the distribution of mutations of NER patients in Brazil, and genetic counseling, but
also gives them and their families the possibility to search for more health and social support.
Financial Support: FAPESP (São Paulo, Brazil) and CNPq (Brasília, Brazil).
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IMPACT OF OBESITY ON DNA DAMAGE
Siegfried Knasmueller - Medical University of Vienna (Austria)
Obesity increased worldwide dramatically in the last decades and it was postulated by the WHO that its
adverse health effects will exceed those caused by tobacco consumption. One of the diseases which is
caused by excess body weight is cancer in multiple organs. It is known that damage of the DNA plays
a key role in the etiology of malignant dieses but the evaluation of the literature shows that only few
human and animal studies have been realized so far which concern the induction of genomic instability
by increased body weight. The results of currently available investigations are partly controversial which
may be due to shortcomings of the experimental design, overall they indicate that obesity and excess
body fat cause DNA damage in several organs. Various mechanisms may play a causal role, for example
the formation of ROS via alterations of the glucose metabolism and inflammations, lipid peroxidation,
inhibition of DNA repair processes, as well as hormonal effects. We found in recent experiments with a
high fat diet mouse model that excess body fat causes DNA damage and formation of oxidized purines in
multiple inner organs (liver, colon, blood, brain) but not in adipose tissue. The extent of these effects was
in all tissues similar and not gender specific. Small amounts of a gallic acid, a common dietary constituent
of fruits and beverages reduced the extent of DNA damage. In parallel, we monitored alterations of
biochemical parameters which are related to obesity induced diseases and reflect alterations of the redox
status (TBARS, GSH, GPx), inflammations (NfkB, TNF-apha, MCP-1 HO-1) and of the glucose (insulin,
triglycerides, blood glucose) and found that the pattern of alterations we observed correlates well with
changes of the extent of DNA damage. This observation indicates that the insulin/blood glucose levels
may play a causal role in the induction of DNA damage in obese individuals.
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Genome Health Clinic concept for disease prevention based on optimizing DNA and
telomere integrity using personalized diet/lifestyle interventions.
Michael Fenech - CSIRO Health and Biosecurity (Australia)

DNA Damage leading to abnormal gene expression is the most fundamental pathology causing infertility,
developmental defects and degenerative diseases of ageing such as cancer, cardiovascular disease
and dementia. Chromosomal instability, excessive telomere shortening/dysfunction, mitochondrial DNA
deletions and inappropriate epigenetic alterations of DNA are the most important genomic hallmarks of
unhealthy ageing. Numerous studies have identified the most significant environmental, dietary and
life-style factors that either accelerate or prevent damage to the genome. Furthermore, several common
genetic polymorphisms that increase susceptibility to these factors have been identified. The presentation
will discuss how this growing knowledge is being translated into practice via the Genome Health Clinic
concept to create a new disease prevention and health promotion strategy based on comprehensive
diagnosis of DNA damage and personalized diet/lifestyle intervention to precisely measure and improve
genome integrity and tissue regeneration throughout a person’s life-stages.
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HIGH TEMPERATURE INHIBITS RESPIRATION AND DNA REPAIR IN ARAUCARIA
ANGUSTIFOLIA CELLS
Furlanetto ALDM1,2,Cadena SMSC1, Martinez GR1, Rocha MEM1, Ferrando B2, Stevnsner T2, Moller
IM.2
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Araucaria angustifolia, a native tree of Southern Brazil, has lost 97% of its habitat and is currently
classified as a critically endangered species by the International Union for Conservation of Nature.
This threat is exacerbated by the gradually increasing global temperature. In this study we evaluated
the effects of short-term high temperature treatment on cell viability, respiration and DNA repair of A.
angustifolia embryogenic cells (callus) cultivated at 25±1°C (control cells) . Cell viability was determined
using the fluorescein diacetate/propidium iodide (FDA/PI) assay, cell respiration was measured by high
resolution respirometry (OROBOROS Instruments) and the in vitro activity of enzymes belonging to the
base excision repair (BER) pathway was determined in mitochondrial and cellular extracts using a using
a double-stranded 5’end-labeled oligonucleotide with a single specific lesion. Cell viability was reduced
by 20% after 24 h at 30°C and by 40% after 48 h at 30°C and 6 h at 37°C. Treatments of 40°C for 2 h
and 42°C for 2 h killed 95% of the cells. Cell respiration was dramatically reduced after 2 h at 42°C while
treatment at 30°C for 24 h and 48 h or 37°C for 6 h had no significant effect. Consistent with the respiration
data, the BER pathway enzyme, AP endonuclease, measured in whole cell extracts, was completely
inactivated after 2h at 42°C while lower temperatures did not affect it. Enzymes of the mitochondrial BER
pathway - AP endonuclease, dU glycosylase and NIEL glycosylase - were also evaluated. The assays
were initially performed at 20-40°C on mitochondrial extracts from control cells. All three enzyme activities
were highest at 30°C. Next we pre-incubated the mitochondria for 30 min at 20-42°C and the assays were
performed at 25ºC. The mitochondrial dU glycosylase was the most affected with a decrease in its activity
above 25°C and complete inactivation at 42°C/2h. NIEL glycosylase activity was reduced at temperatures
higher than 40°C and the activity of AP endonuclease was unaffected at all temperatures. We conclude
that viability, respiration and mitochondrial DNA repair have different temperature sensitivities between
25 and 37oC, and that they are all very sensitive to 40 and 42oC.
Financial Support: This investigation was supported by the Brazilian research funding ﬁnancial
agencies CNPq, CAPES, Ciências sem fronteiras (ALDMF) and the Danish Council for Independent
Research – Natural Sciences (to IMM).
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RINT1 IS REQUIRED TO PREVENT DNA DAMAGE IN DEVELOPING CENTRAL NERVOUS
SYSTEM
Gomes AL¹, Matos-Rodrigues GE¹, Frappart PO² and Martins RAP²
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Discovered in 2001, Rint1 (Rad50 interacting protein 1) was identified as a partner of Rad50 that would
participate in the signalling of DNA damage. Later, other roles for Rint1 were proposed, for example:
control of the G2/M cell cycle checkpoint, regulation of vesicle transport, among others. Even though the
Rint1’s involvement in different mechanisms has been shown and/or proposed, its functions in vivo are
still unknown. Importantly, Rint1 knockout mice show malformations around the 5th day of embryogenesis
and die, demonstrating that Rint1 is essential for the embryonic development. To study the functions of
Rint1 during development in vivo, conditional knockout mice were generated. Mice in which the exon 3
of Rint1 gene was flanked by LoxP sequences (Rint1Lox) were crossed with Pax6-Cre mice. In the Pax6Cre;Rint1Lox/Lox (Rint1Pax6-Cre), Rint1 specifically inactivated in progenitor cells of the embryonic retina.
Genetic inactivation of Rint1 in the retina did not affect eye growth, but decreased the thickness of the
retinal and of the optic nerve. In addition, a dramatic reduction in optomotor response was observed,
suggesting loss of vision. In early stages of the retinogenesis (E15), Rint1 inactivation slightly reduced cell
proliferation and increased the apoptotic cell death. Accumulation of DNA damage was observed at E15,
but not in later stages of retinogenesis (P6). At E15, Rint1 deletion did not affect a specific subpopulation
of postmitotic neurons (Brn3a+ differentiating retinal ganglion cells), indicating that Rint1 is essential
for the survival of retinal progenitor cells. These findings suggest that the defective morphogenesis of
Rint1-deficient retina results from increased cell death during development, what was associated with
accumulation of DNA damage during early stages of retinogenesis. Altogether, these data show that
Rint1 is crucial for the development of the retina and, consequently, of the vertebrate visual system.
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DNA REPAIR MECHANISMS THAT COULD BE INVOLVED ON Trypanosoma cruzi
MITOCHONDRIA
Repoles BM1; Souza FS2; Tahara EB1; Franco GR1; Macedo AM1; Fragoso SP2; Machado CR1
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Trypanosoma cruzi is a member of the Kinetoplastida family and, as every member of this group, present
a unique organelle, denominated kinetoplast: a modified and elongated mitochondria with several
features tha are distinct from others eukaryotes. Among these characteristics, a striking difference is the
strutctural organization and mechanisms of kinetoplast DNA (kDNA) metabolism. The kDNA is arranged
as a network of concatenated rings between the large ring molecules (denominated maxicircle) and the
small molecules (denominated minicircles). The replication of the kDNA involves the antipodal sites of
the mitochondira, were the DNA molecules are directed and them replicated by specific mechanisms that
allows the disassemble of the rings between maxicircles and minicircles, replication of this DNA, and
reassemble of this structrue. Some DNA repair proteins has already been described in co-localization with
these sites, involved on DNA metabolism. On other organisms, such as mammals and yeasts, DNA repair
proteins also has been described acting in the mitochondria, altough they may be related to noncanonical
functions in some cases. One protein of interest on Tripanossomatids is the family of the Kinetoplastassociated proteins (KAP). Studies in Crithidia fasciculata showed that KAP proteins can be related to
the structural organization of the kDNA. On Trypanosoma cruzi, the function of the KAP proteins are now
been elucidated. TcKAP4 and TcKAP6 has been proposed as important factors with roles on the DNA
condesation and neutralization. In this work we investigate the function of TcKAP7 ond DM28c strain.
TcKap7 had its structure predicted using the online software I-Tasser. Among the main proteins with
similarity, TcKap7 posses structural similarities with the Mitochondrial transcription factor A (TFAM), the
protein PcsbB from Streptococcus pneumoniae and secondary structures similar to the protein HMGB1.
The presence of the similarity with TFAM and previous works showing the presence of the protein on the
parasite kinetoplast suggest a possible role on mitochondrial DNA metabolism of the parasite. Our results
demonstrate that the absence of TcKAP7 is related to a long-term sensitivity to UV radiation and cisplatin,
and a resistence to hidrogen peroxide on the parasite. These results suggests a possible role for TcKAP7
on the kDNA metabolism, that could be related with mitocondrial DNA repair on this parasite.
Finnancial Support: FAPEMIG, CNPq, CAPES
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Redox process and inflammation in aging of Nucleotide excision repair CSA and XPC
knockout mice
Garcia CCM1, Guerra, CCC1, Rocha LCM1, Quayle C2, Kajitani S2, Lima WG1 and Menck CFM2
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The nucleotide excision repair (NER) is an important mechanism, which helps in the maintenance of
genome integrity, being responsible for the repair of lesions that distort the DNA double strand and
some types of oxidated bases. The importance of NER pathway is demonstrated by the emergence
of some syndromes. Patients with deficiency on TCR develop Cockayne syndrome, characterized for
progeria, neurodegeneration, high sensitivity to UV radiation but without propensity to skin cancer. While
deficiency on GGR develop Xeroderma Pigmentosum (XP), characterized for high sensitivity to UV
radiation, 10,000 more propensity to skin cancer. The oxidative stress is one of the main factors that
lead to development of cancer and other diseases related to aging. Thus, with the purpose of helping to
understand the mechanisms of disease progression related do NER pathway, we evaluated in this work
indicators of oxidative stress and tissue inflammation in brain and liver of females knockout mice in NER
proteins (CSA and XPC), and WT aged (2, 12 and 24 months), through the determination of glutathione
peroxidase (GPx) enzymatic activity and markers of oxidative stress, as thiol groups, protein carbonylation
and lipoperoxidation. Our results demonstrate no significant differences of thiol groups, lipoperoxidatin,
GPX activity and tissues inflammation levels between the studied groups. However, we found higher
concentrations of carbonylated proteins in XPC and CSA than in control group. The results also indicate
a progressive increase of protein carbonylation and tissue inflammation with aging, indicating differences
in redox state of the studied groups, which can contribute for understanding the mechanisms of cellular
aging.
Financial Support: FAPEMIG, FAPESP, CAPES and CNPq
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EVALUATION OF CELL CYCLE ARREST IN XERODERMA PIGMENTOSUM HUMAN
FIBROBLASTS AFTER DNA DAMAGE
Corradi C1,2, Castro LP2, Menck CF2
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Xeroderma Pigmentosum (XP) is a rare autosomal recessive disorder that is primarily characterized by
high sensitivity to the ultraviolet (UV) component of sunlight. The UV light causes DNA damage such as
CPD (cyclobutane pyrimidine dimers) and 6-4 PP (6, 4 photoproducts), which distort the double helix and
physically block replication and transcription and may lead to several deleterious consequences, such as
cell death, mutagenesis, photoaging and cancer. Human cells have a complex mechanism that enables
them to repair or tolerate those damages. XP patients may have a defect in the Nucleotide Excision
Repair (NER) or in the Translesion Synthesis (TLS). XP patients from the complementation group variant
(XP-V) are proficient in NER, but are unable to replicate their DNA after UV irradiation, since XP-V cells
are deficient in the DNA polymerase η (POLH) protein, a polymerase required for TLS. The project aims to
study the cell cycle behavior of XP-V SV40 transformed fibroblasts (XP30RO), which were compared with
XP30RO cells complemented with POLH, after been treated with UVC light and cisplatin, to check how the
injured DNA synthesis and cell cycle are affected. Treatment was also performed in the presence of VE821, an inhibitor of the ATR kinase, an important DNA damage sensor acting basically during replication
stress. The XTT colorimetric assay was performed to analyze the cell sensitivity and cell cycle was
investigated by flow cytometry in the presence of nocodazole, which inhibits the formation of the mitotic
spindle, inducing cell cycle arrest at M phase. Our results confirm that XP-V cells are more sensitive to
UVC light irradiation and to cisplatin treatment, and sensitivity increases with the ATR inhibitor. With this
cell cycle strategy (where cells are forced to stop in mitose, due to nocodazole), we could identify cells
arrested in S phase, with no interference of cells reinitiating a second cell cycle. Basically, we were able
to identify that XP-V cells have increased arrest in S-phase after UVC-irradiation and cisplatin treatment,
as expected. The deficiency in the PolH gene may explain the increase of sensitivity to both treatments
in these XP-V cells.
Financial Support: CNPq and FAPESP.
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DNA contains all cells’ genetic information and it is constantly exposed to endogenous or exogenous
genotoxic agents that can cause damage which eventually lead to mutagenesis or cell death. The most
common endogenous agents are reactive oxygen species (ROS), originated mainly in processes such as
cellular respiration and inflammation. These agents oxidize bases, sugars, phosphates and cause single
strand breaks (SSBs) or double (DSBs) in the DNA molecule. During the evolution, cells have developed
DNA repair systems that correct the damage. Dysfunctions in these systems lead to the accumulation of
DNA damage and human syndromes which are important for understanding processes such as aging and
neurodegeneration, linked mainly to the accumulation of damage in both the nuclear and mitochondrial
DNA. Several knowledge gaps exist, lacking models to better investigate the causes for these processes.
The main goal for this project was to develop isogenic lineages from 94RD27-SV40 cell line, deleted
for the gene encoding for the XPG protein, which has a role as endonuclease in the nucleotide excision
repair (NER). Xeroderma pigmentosum patients carrying homozygous mutations in the XPG present high
skin cancer incidence, as well as clinical phenotypes may also include neurodegeneration and premature
aging. This cell line was transduced with lentiviral vectors carrying the wild-type XPG gene or alleles of
XPG mutated genes identified in patients (XP02RJ and XP03RJ) from Cabo Frio, Rio de Janeiro, Brazil
and characterized by previous work by our group. Thus, our aim was to obtain four new cell lines, one of
these being wild-type, two sensitive only to ultraviolet light (UV) while the original one would be sensitive
to oxidative stress and UV. To validate those cells we measured cell viability with XTT kit after genotoxic
stress caused by UV or photoactivated methylene blue (MB+light). We also analyzed the basal XPG gene
transcription by real time PCR and the cell’s capacity of repair based on host cell reactivation assay. In fact,
XPGWT allele was capable to restore the cell viability. Moreover, the cells complemented with XPGRJ2
allele displays increased viability when compared to the control for intermediary doses of UV, whereas the
control cell line (94RD27) had low viability in all tested doses. In both cell lines transduced with lentiviral
vectors, the number of transcripts for the XPG gene was elevated as an indicator of elevated expression
of the XPG gene. Assuming there was protein being translate from our transcripts, we performed host
cell reactivation assay with plasmids treated with UV and MB+light. As a result, the cells transduced with
WT XPG gene showed efficient repair for plasmid treated in both conditions, while the transduced with
XPGRJ2 allele showed repair the plasmid treated with MB+light, but displayed a defective repair for the
UV-irradiated plasmid. The control cell line was unable to repair plasmids from both treatments. Based
on this data, we achieved stable and reliable cell models to identify the XPG relationship to repair the
damage caused by oxidative stress and if such damage is related with mitochondrial dysfunction.
Financial Support: CAPES, CNPq and FAPESP
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Genome stability is an essential condition for survival and proper functioning of living organisms. However,
a broad range of disturbances may lead to DNA damage and genome instability. In order to maintain the
genome integrity a complex network of pathways and proteins specialized in detecting and repairing
DNA lesions have been selected in evolution. We demonstrated that the early branching protozoan
Leishmania major expresses a functional 9-1-1 complex, which is a major player in the eukaryotic
response to genotoxic stress. Here, we set out to investigate the effect of overexpression of each of the
9-1-1 subunits in the parasite homeostasis. Thus, we have generated cell lines that overexpress Rad9,
Rad1 or Hus1. We found that, 9-1-1 subunits overexpression interferes with the parasite resistance
to different genotoxic compounds, such as, Hydroxyurea, Campothecin, Methyl Methanesulfonate or
Zeocin. The immunofluorescence analysis revealed a diverse pattern of subcellular localization among
9-1-1 subunits. While Rad9 and Hus1 is mainly localized into the nuclear compartment, Rad1 is localized
both to the nucleus and cytoplasm. Altogether, these findings suggest that the DNA damage signalling
pathway involving the 9-1-1 complex has been conserved in these protozoa and may present a peculiar
mode of action. These observations may contribute to a better understanding not only of the evolution of
the signalling pathway mediated by the 9-1-1 complex in eukaryotes, but also the molecular basis of the
genome plasticity.
Financial Support: FAPESP, CAPES
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Mutagen sensitivity is considered an indirect measurement of DNA repair efficiency. Although it is considered
predominantly a heritable characteristic, many environmental factors may influence the individual ability
to repair DNA damage. The chronic infection by hepatitis C virus (HCV) has been related to increased
frequency of oxidative lesions and DNA damage in both hepatocytes and lymphocytes. In addition, it
is associated with the development of hepatocellular carcinoma and lymphoproliferative diseases. In
this study, we investigated if lymphocytes of patients chronically infected with HCV (HCV patients) are
sensitive to hydrogen peroxide. Twenty-three HCV patients and 39 healthy controls, grouped according
to sex and age were investigated regarding sensitivity to hydrogen peroxide using the micronucleus (MN)
test. The basal number of MN was similar (p=0.30) between HCV patients (12.08±5.41) and controls
(10.56±4.49). The DNA net damage (number of MN in cells treated with hydrogen peroxide minus number
of MN in cells non-treated with hydrogen peroxide) was 2.3x higher in HCV patients’ cells (10.34±14.07)
in comparison with controls (4.59±3.29, p=0,05). The subjects (patients and controls) were classified as
sensitive or non-sensitive to hydrogen peroxide according to a cut-off point (50th percentile) based on
DNA net damage. We observed an increased frequency of HCV patients (59.1%) among the sensitive
subjects in comparison with the controls (30.8%) (p=0.03). These results suggest that HCV infection
contributes to peroxide hydrogen sensitivity phenotype in patients with chronic hepatitis C.
Financial support: CAPES
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Genomic stability is crucial for cellular homeostasis, normal development and prevention of tumorigenesis.
To increase DNA replication accuracy, an evolutionary conserved molecular machinery was selected to
check its integrity and to repair damaged DNA. Homologous recombination (HR) has been proposed
to be an error-free process that repairs single and double DNA strand breaks (SSBs and DSBs) and is
catalyzed by the Rad51 recombinase. The physiological importance of HR is emphasized by the fact that
HR-deficient cells exhibit increased genomic instability. In addition, genetic inactivation HR effectors, such
as Rad51, leads to early embryonic lethality in mice. Since, neural progenitor cells are constantly exposed
to DNA damage and are particularly sensitive to genomic instability, our study aims to investigate the role
of Rad51 during central nervous system (CNS) development. Using mice retina as a model of CNS, we
analyzed the pattern of Rad51 expression during retinal development. As expected, Rad51 mRNA and
protein levels are downregulated after the period of cell proliferation is ceased during retinogenesis.
Exposure of retinal tissue explants to etoposide, a topoisomerase II inhibitor that induces DSBs, led
to Rad51 at DNA damage sites. To overcome the embryonic lethality of germline inactivation of Rad51
and to study its in vivo roles during CNS development, we generated a transgenic mouse line in which
the exon 4 of Rad51 gene was flanked by two LoxP sites, allowing tissue-specific inactivation of Rad51.
Genetic inactivation of Rad51 in the retinal tissue (Pax6-Cre) did not affect eye growth. Histological
analysis revealed that Rad51 inactivation impaired retinogenesis leading to the formation of adult retinas
with decreased thickness. Interestingly, one of five knockout retinas (Pax6-cre; Rad51 lox/lox) presented
disrupted outer nuclear layer (ONL), the retinal layer where photoreceptor neurons are located. In this
study, for the first time, we characterized that Rad51 is relevant for mouse CNS development in vivo.
Understanding how homologous recombination regulate the development of neural tissues in vivo is
necessary to design therapeutic approaches that target the HR pathway and may provide new insights to
design treatments for neural tumors and neurodegenerative diseases.
Financial support: CNPq, FAPERJ, DFG
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The remarkable genome plasticity of Leishmania, which leads to frequent genome rearrangements not
only impacts gene expression control, but also hinders the genetic manipulation of the parasite. Such
scenario requires the constant implementation of a dependable genetic toolkit for Leishmania post-genomic
functional studies. We have established an inducible system based on the dimerizable Cre recombinase
(DiCre) for controlled gene expression in the protozoan parasite Leishmania. Rapamycin-induced DiCre
activation promoted efficient flipping and expression of gene products in a time and dose-dependent
manner. The DiCre flipping activity induced the expression of target genes from both integrated and
episomal contexts broadening the applicability of the system. To create the system, the dimerizable Cre
recombinase subunits were integrated into ribosomal locus to generated the DiCreSSU cell lines. Next, the
plasmid pGL2332 containing lox66/lox77-flanked 6xHA-GFP cassette with puromycin resistance marker
was either transfected as a episome, or integrated into the genome to generate pGFPflox and GFPflox cell
lines, respectively. To test the system and the DiCre flipping activity, these cell lines were incubated with
rapamycin and the inversion of the GFP cassette was confirmed by PCR analysis Consistently, western
blot analysis confirmed the expression of the cassette exclusively in rapamycin treated cells. These
results demonstrate the tight control of DiCre activity and greatly extend the applicability of the system as
a reliable tool for inducible protein expression not only from the genomic context, but also from episomal
targets.
Support financial: FAPESP and CAPES
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Alzheimer’s disease (AD) is an aging related neurodegenerative pathology that affects millions of people
worldwide; however, the molecular mechanisms implicated in its pathogenesis are still unknown. AD has
been related to a range of features such as deposition of proteins in the brain, alterations in cell cycle,
accumulation of DNA damage, DNA repair deficiency and mitochondrial dysfunction. Thereby, the present
study aimed to evaluate whether peripheral blood mononuclear cells (PBMCs) of AD patients display
alterations in gene expression profiles, and searching pathways that could be relevant for understanding
the pathophysiology of the disease. Blood samples were collected from 25 AD patients and 15 agematched controls in order to perform genome-wide mRNA and microRNA expression (microarray). In
PBMCs, bioinformatics analysis indicated 593 mRNAs and 12 microRNAs differentially expressed in AD
compared to controls. Analysis of pathways enrichment indicated process related to cell proliferation, DNA
repair, and inflammation, among others, as altered in AD blood cells. The study of interactions among
the mRNA and the microRNAs differentially expressed in AD showed that some of those microRNAs can
control the expression of genes related to cell cycle control and apoptosis, as the transcription factor
FOS. Despite the enrichment of pathways associated to cell cycle regulation protein expression of PCNA
(related to cell proliferation) analyzed by Western blot did not show difference in AD. However, the enzyme
Polβ was found decreased in AD blood cells, and especially in individuals considered with severe AD in
spite of absence of alterations in transcriptional analyses. Thus, our results support the hypothesis that
DNA damage response may be altered in AD PBMCs, indicating alterations in cell cycle and DNA repair
pathways as proposed for AD neurons, reinforcing the idea that blood cells can provide information about
the status of the disease, which is relevant to better understanding AD.
Financial support: FAPESP (Proc. 2013/09352-7; 2012/07879-5).
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DNA topoisomerases are essential enzymes for all domains of life that are able to control DNA topology.
Several studies have suggested the importance of topoisomerase 3α and topoisomerase 3β to maintain
genomic stability, since these enzymes are implicated at the end of DNA replication, sister chromatid
separation, dissolution of recombination intermediates such as double Holliday junctions and removal of
R-loops during DNA transcription. Both genes are present in the trypanosomatid genome, however the
functions of these topoisomerases are unclear in Trypanosoma cruzi, the parasite that causes Chagas
disease. Thus, the present work aimed to evaluate the role of DNA topoisomerase 3α and 3β genes in the
replicative stress in T. cruzi. To that end, the growth profile of the wild type parasites (WT) and knockouts
parasites (Topo3α KO and Topo3β KO) which were treated with agents that cause replicative stress was
analyzed. The treatment with camptothecin showed a small difference in the growth profile of Topo3β KO
cells. These deficient parasites delayed the growth in relation to the other ones. We are investigating if it
is due to direct effect of absence of topoisomerase 3β gene or it is due to the fact that these cells could
have a faster growth rate. After the treatment with methyl methane sulfonate (MMS), only Topo3α KO
cells were not able to growth again. Even after a long period, these parasites did not resume growth and
did not die. Cell cycle evaluation by FACS (Fluorescence Activated Cell Sorting) showed that, for the
three parasites tested, MMS promotes accumulation of cells in the S phase, in the time of 24 hours. Both
WT and Topo3β KO were able to resume normal cell cycle progression in later times. However, the same
was not observed in Topo3α KO cells, which accumulate in the sub-G1 phase. Taken together, these data
suggest that topoisomerase 3α is important for the repair of DSBs generated by stalled replication forks
in T. cruzi. The absence of this protein promotes the accumulation of unrepaired lesions in the DNA of
Topo3α KO cells and prevents both the resumption of growth and the activation of the cell death pathways.
Thus, it is possible to speculate that the absence of Topo3α during this type of replicative stress triggers
a state of cellular senescence. However, further experiments are necessary to confirm this hypothesis.
Financial Support: CNPq, CAPES, FAPEMIG.
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Our current understanding of the maintenance and repair of mitochondrial DNA (mtDNA) is limited,
especially when compared to what is known of similar events in the nucleus. It has been shown that
double strand breaks (DSBs) are a major source of mutations and deletions in mtDNA, which are
associated with increasing predisposition to diseases of great relevance in public health, such as
cancer, neurodegeneration and normal aging. Interestingly, the majority of mtDNA deletions are flanked
by repeated sequences suggesting that they may arise from recombination events. Indeed, previous
studies have characterized homologous directed repair (HDR) as one possible mechanism for DSB
repair in mitochondria. Moreover, microhomology-mediated end joining (MMEJ), an alternative and highly
mutagenic type of non-homologous end joining (NHEJ), has been recently proposed to be a potential
source of mtDNA deletions. However, so far, few proteins related to DSB repair were identified and
characterized in mitochondria. Therefore, using a quantitative mass spectrometry approach, we identified
proteins enriched in crude mitochondria fraction of cells challenged with methyl methanesulfonate (MMS).
Among several proteins related to the DNA damage response, we found that Fun30, an evolutionary
conserved chromatin remodeler, is enriched in mitochondria fractions of MMS-treated cells. In the nucleus,
it has been proposed that Fun30 is recruited to DSBs and facilitates long-range resection of DNA ends
by exonucleases, thereby aiding repair via recombination. By using a yeast genetic reporter system to
quantitatively measure the occurrence of direct repeat mediated deletions (DRMD) in mtDNA we sought
to investigate the importance of Fun30 to DSB repair in mitochondria. In accordance with the literature,
cells lacking Fun30 show a reduced ratio of DNA deletions in the nucleus, which is related to the inhibition
of long-range resection. Surprisingly, we observed an opposite trend in mtDNA with an increase in the
frequency of spontaneous and induced deletions. These results suggest that Fun30 plays an important
role in mtDNA maintenance through the inhibition of mtDNA deletions. It is tempting to speculate that in
the absence of Fun30, HDR is inhibited, thus allowing error-prone pathways, such as MMEJ to repair
DSBs in mtDNA.
Financial support: FAPESP (2016/14259-4)
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Genome stability is threatened by a huge range of intrinsic and extrinsic agents, which interact and
damage the DNA molecule. The biology dogma, replication and transcription, is compromised in the
presence of these DNA lesions. To deal with these lesions, evolutively well-conserved mechanisms of
DNA repair system are present among all living beings. Nucleotide excision repair (NER) is one of them
and it is responsible for resolving bulky lesions on DNA caused by ultraviolet light (UV) and, to certain
extent, oxidative stress. Part of the DNA strand containing the lesion is excised, and the other DNA
strand is used as a template for filling the gap created. The absence of any NER factor can lead to severe
human syndromes associated either with high cancer predisposition and/or severe neurodevelopment
abnormalities, associated with premature aging. Cancer predisposition in these syndromes is long known
as due to increased mutation rates caused by the DNA repair defects upon UV induced lesions. Still,
neurological abnormalities are believed to be caused by oxidative stress in a not very well understood
manner. CS is NER syndrome characterized by neurological abnormality, neurodegeneration, growth
failure and photosensitivity, but patients are not cancer prone. Skin fibroblasts (primary or transformed)
are the main study model for this syndrome, but they do not fully represent the complexity of the –
most affected - neural tissue. Here, using cellular reprogramming in CS cells, we describe an important
increase of oxidative stress sensitivity in induced pluripotent stem cells (iPSC) and neural progenitor
cells (NPC) comparing with their original isogenic primary fibroblast. We analyzed cellular viability,
DNA fragmentation (cell death) and caspase-3 activation (apoptosis signaling) after treatment with UV
and potassium bromate (KBrO3) – a well described oxidative stressor. As expected, all CS cells were
more sensitive to UV irradiation than WT. On the other hand, only CS iPSC and NPC were sensitive to
KBrO3. These results indicate that neurological abnormalities of CS patients may be due to sensitivity to
endogenous oxidative stress. We believe these results are an initial step to understand the CS phenotype
by offering an unprecedented model to study the effects of DNA damage in neuronal precursors cells of
this syndrome.
Financial Support: FAPESP, CAPES and CNPq.
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TRYPANOSOMATIDS USE MORE DNA REPLICATION ORIGINS THAN THE
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Trypanosomatids are a group of protozoans belonging to the phylum Euglenozoa, which branched
early during the evolution of the eukaryotic lineage, being peculiar models for genetic, evolutionary,
and comparative studies. This group includes human pathogens of great medical relevance, such as
Trypanosoma brucei and Leishmania spp. Here, we used DAPI morphological patterns of T. brucei
strains 927 and 427, L. major, and L. mexicana to estimate, for each of these parasites, the duration
of the mitosis and cytokinesis. In addition, using the most sensitive thymidine analog (EdU) to monitor
DNA replication and the duration of mitosis and cytokinesis previously calculated, we estimate precisely
the duration of G1, S, and G2 phases of cell cycle. Then, we developed a mathematical formula to
estimate the minimum number of DNA replication origins required to duplicate an entire chromosome
of each trypanosomatid analyzed. This formula is a function of the newly estimated S phase duration,
chromosome size, and average speed of DNA replication. After the calculations, we compared the
minimum number of DNA replication origins found with the number of origins predicted, concluding that
trypanosomatids use more DNA replication origins than the theoretical required minima. To investigate
this feature, we are simulating stochastic computational models involving the frequency of origin firing
and possible clashes between replication and transcription machinery. These simulations are providing
us clues to speculate that replication-transcription conflicts trigger the firing of dormant replication origins,
contributing to increasing the number of origins detected mainly by DNA combing technique. Assays
using α–amanitin to inhibit transcription and measure the levels of γH2A, a consequence of replication
fork collapse after head-on clashes, suggests that replication/transcript conflicts are responsible for a
basal level of γH2A showed by T. brucei. Taken together, these results point to a non-stochastic usage
of the total DNA replication origins, putting the firing of flexible/dormant origins as a possible result of
replication-transcription conflicts, contributing to maintaining the genomic integrity in these parasites. It is
worth mentioning that this knowledge is fundamental to understand the dynamics of DNA replication and
to the comprehension of the genomic instability presented by some species of these protozoans.
Financial Support: São Paulo Research Foundation (FAPESP) - processes 13/07467-1,
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According to the World Health Organization, about 7% of the Brazilian population is affected by psychic
disorders related to depression. It is estimated that by 2020, depression will be the second most prevalent
disease in the world. Bupropion hydrochloride is classified as an atypical antidepressant, belonging to
the class of aminoketones. This drug was developed in the 1970s, but tests on its effectiveness began 10
years later. It is currently used in the treatment of smoking, bipolar depression and major depression. Its
mechanism of action is controversial and poorly understood, although it is apparently a weak dopamine
and noradrenaline reuptake blocker. In order to evaluate the mutagenic and recombinogenic potentials
of Bupropion Hydrochloride, the Somatic Mutation and Recombination Test (SMART) in Drosophila
melanogaster was used. Two crosses were performed: standard (ST), in which virgin flare females (flr3/
TM3, Bds) were mated with mwh/mwh males, and high-bioactivation (HB), in which virgin ORR females
(ORR/ORR; flr3/TM3, Bds) were mated with mwh/mwh males. Third instar larvae (72 + 4h), obtained from
both crosses, were treated with different concentrations of this antidepressant (0.9375; 1.875; 3.75; 7.5;
15 or 30 mg/mL). Ultrapure water and urethane (10 mM) were used as negative and positive controls,
respectively. The two highest concentrations (15 and 30 mg/mL) presented toxic effects in both crosses.
Through analysis of the trans-heterozygous descendants (MH) of the ST cross, only the concentration
of 0.9375 showed no mutagenic effect and in HB cross, all concentrations significantly increased the
frequency of mutant spots. When the balanced heterozygous descendants (BH) of the ST cross were
analyzed, we conclude that bupropion hydrochloride is primarily recombinogenic and in HB cross, the
substance was essentially mutagenic. According to the experimental conditions used, the evaluated drug
indicated toxic effects at high concentrations, but this affect it is not dose dependent. In addition, bupropion
hydrochloride has been shown to be recombinogenic and, when metabolized, becomes mutagenic,
demonstrating interference of the enzyme complex cytochrome P-450 in the induction of mutant spots.
Financial support: Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq);
Fundação de Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG); Universidade Federal de
Uberlândia (UFU).
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DNA repair systems are ubiquitous in all living organisms and crosstalk with several cellular mechanisms
to preserve genome integrity from damage generated by a variety of exogenous and endogenous agents.
Due to its localization, close to the oxidants-generating electron transport chain, mitochondrial DNA
(mtDNA) accumulates more damage than nuclear DNA. The base excision repair (BER) pathway is the
main repair mechanism for single strand breaks and DNA base modifications, and is the predominant
repair system in mitochondria. In mammals, 3-methyladenine DNA glycosylase (AAG) initiates BER
of alkylated bases, playing an important role in protecting against the genotoxic effects of alkylating
and oxidizing agents, such as several molecules of clinical relevance in chemotherapy. Mitochondrial
localization of AAG was recently described in human cells. It was also reported that transgenic mice
overexpressing AAG (AAGTg) are hypersensitive to alkylating agents while knockout animals (AAGkd)
and cells are resistant, indicating that alkylation sensitivity can paradoxically be a direct result of AAGinitiated repair. Since mitochondrial integrity depends on mtDNA stability and mitochondrial dysfunction
is involved in cell death, we evaluated the presence of AAG in mouse mitochondria. In silico prediction of
murine AAG (mAAG) targeting to mitochondria and their mitochondrial targeting sequences (MTSs), by
the MitoProt II and iPSORT softwares, indicate that mAAG did not display a canonical MTS, and display
a low probability for mitochondrial localization (score = 0.6634). Western blotting analysis, using anti-AAG
monoclonal antibody, did not detect AAG in mouse C2C12 mitochondrial extracts, while it was clearly
detected in human HEK293 mitochondrial and nuclear extracts. Also, mouse tissues (brain and testis)
from wild type or AAGTg animals did not show mAAG in mitochondrial extracts, while mAAG was clearly
present in nuclear extracts. All mitochondrial extracts were shown to be free of nuclear contamination
using anti-COXIV and anti-histone H3 antibodies as mitochondrial and nuclear markers, respectively.
Also, immunofluorescence analysis with anti-AAG and MitoTracker Orange show that mAAG does not
co-localize with mitochondria in C2C12 cells. Together, these data provide strong evidence that mAAG
does not localize in mitochondria. Further analysis by fluorescence-based incision assay will investigate
whether an incision activity toward alkylated bases is detected in murine mitochondria.
Financial Support: FAPESP grants 10/51906-1 and 2014/04165-7.
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UVA LIGHT ACTIVATES DNA DAMAGE RESPONSE IN XP VARIANT CELLS
Moreno NC1,2, Garcia CCM3, Munford V1, Rocha CRR1 and Menck CFM1.
1.

Institute of Biomedical Sciences, University of Sao Paulo (USP), Sao Paulo, S.P.

2.

Institute of Biosciences, University of Sao Paulo (USP), Sao Paulo, S.P.

3.

NUPEB & Biological Sciences Department, Federal University of Ouro Preto, Ouro Preto, M.G.
E-mail: ncmoreno@usp.br
Keywords: UVA light, Xeroderma Pigmentosum Variant, ATR pathway, oxidative stress.

More than 95% of UV light that reaches the Earth surface corresponds to UVA wavelengths (315-400 nm).
UVA-light can induce direct (CPDs and 6-4PPs) and indirect (oxidized bases) DNA damage. Xeroderma
Pigmentosum Variant (XP-V) patients are defective in polymerase eta (pol eta) that bypass of sunlight
induced DNA damage, causing increase the mutagenesis, which is probably responsible for the increased
frequency of skin cancer in XP-V patients. However, the participation of UVA-light in the carcinogenesis
of these patients is not completely understood. The goal of this work is to characterize the mechanisms
of UVA-induced DNA damage and verify if these damage triggers DNA Damage Response (DDR) in
SV40- transformed cells derived from XP-V patients. UVA-light dose used (120 kJ/m2) is easily achieved
under natural sunlight exposure, in a tropical region. The results indicate that UVA irradiation increased
cell death of XP-V compared to control cells (XTT, clonogenic Assay and sub-G1 content). If irradiation is
performed in cells incubated with caffeine (commonly used to XP-V characterization) a further increase of
sensitivity is observed in XP-V cells. γH2AX (an indicator of genotoxic stress) evaluated by flow cytometry
was highly increased in UVA irradiated XP-V cells, and caffeine resulted in a more prominent induction.
Immunological (CPD - slot blot) and enzymatic (FPG – comet) assays demonstrated that UVA irradiation
induced direct and indirect DNA damage in human cells but XP-V cells were not able to tolerate and
presented a slower repair of lesions formed, when compared to controls. Moreover, UVA irradiation
caused strong cell cycle arrest in G1/S in XP-V cells. Through the use of specific inhibitors of ATM and
ATR, we also demonstrate that UVA irradiation triggers important DDR by ATR pathway in XP-V cells.
Interestingly, N-acetyl cysteine (NAC- an important antioxidant) resulted in decreased sensitivity, γH2AX
levels, fork stalling (DNA fiber assay) and cell cycle arrest, reduced the cytotoxic effect of ATR inhibition
and prevented the protein carbonylation in XP-V cells irradiated with UVA. The data clearly indicate XP-V
cells are susceptible to UVA light irradiation, and indirect DNA damage (result of oxidative stress) trigger
cell responses, unveiling potential deleterious effects of these wavelengths in XP-V patients.
Financial support: FAPESP, CNPq and CAPES.
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Xeroderma Pigmentosum (XP) is a rare inherited disease whose patients are extremely sensitive to
ultraviolet (UV) light and are more likely to develop skin cancer than the unaffected population. It has
been identified seven complementation groups affecting protein coding genes (XPA to XPG) involved
in Nucleotide Excision Repair (NER), and a variant group for which DNA polymerase η is defective.
XP disorder leads to an increase of mutagenesis in skin cells exposed to sunlight, since unrepaired
lesions may interfere within processes like replication and transcription, resulting in fixation of mutations
or cell death. NER pathway removes bulky DNA lesions induced by UV light. UV is classified into three
spectral ranges: UVA (315-400nm), UVB (280-315nm) and UVC (200-280nm), but only UVA and UVB
are biologically relevant since they reach the earth’s surface. UV light can induce pyrimidine dimers
formation (CPD and 6,4PP) by direct excitation of the DNA molecule and indirect damage by photooxidation reactions, these lesions may have distinct biological consequences, including mutagenesis.
Here we characterize the response of two cell lines: a XP-C cells and an isogenic cell line corrected by
meganuclease, the XP-Ccor cell line, against UV irradiation. First, clones were obtained from each cell
line to guarantee a more homogeneous cell population. Cell viability and clonogenic assays shown that
XP-C cells were more sensitive to UVA and UVB radiation in relation with XP-Ccor. Cell cycle analysis
by flow cytometry confirmed that XP-C cell line is more affected by both types of UV, with high levels of
subG1 cells which indicates apoptosis induction, what was not observed for XP-Ccor cell line. Those
experiments, led us to establish UV doses that allow a survival rate between 10-20%, 60 kJ/m2 for UVA
and 120 J/m2 for UVB. Also, it was confirmed by slot-blot assay that these doses induce CPD formation
in both cell lines. Therefore, those doses will be used in the study of mutagenicity. Since our aim is to
establish and compare the mutagenicity profile, type and frequency of mutations induced by UVA and
UVB light in XP-C deficient cells. This will be accomplished through the identification of base substitutions
after NGS (next generation sequencing) of the exome of irradiated and non-irradiated clones, which
hopefully will help us to understand the contribution of the diferente types of lesions and UV wavelengths
in the origin of tumor in the skin of XP-C patients.
Financial support: Administrative department of science, technology and innovation of Colombia,
COLCIENCIAS. São Paulo Research Foundation, FAPESP.
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THE ROLE OF CHK1 IN BRAF INHIBITOR-RESISTANT MELANOMA
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Metastatic melanoma is a highly aggressive type of skin cancer and refractory to most therapeutic
approaches available. Melanomas with activating mutations in BRAF, which are present in 50% of
patients, can now be treated with BRAF inhibitors (BRAFi) or BRAF/MEK inhibitors combined. However,
roughly 20% of the patients are intrinsically resistant whereas patients who initially respond eventually
develop resistant lesions. To identify novel cellular vulnerabilities, we conducted unbiased in vivo RNAi
screens in human melanoma. We observed that silencing of CHK1, CHK2 or ATM, which code for key
DNA Damage Response kinases, had a selective disadvantage, indicating an essential contribution
of these factors during tumor expansion. Consistently, we found that inhibition of Chk1 (Chk1i) affects
melanoma cell viability, an effect reinforced by HIF signaling activation in vitro or angiogenesis blockade
in vivo. Because of the lack of efficient therapies to prevent the emergence of resistance and to eliminate
relapsed tumors, this study aimed to investigate the role of Chk1 and its potential as a therapeutic target
in BRAFi-resistant melanoma. We demonstrate that resistant melanomas are more sensitive to Chk1i
than their treatment-naïve counterparts. Mechanistically, we show that resistant melanomas display
increased gammaH2AX positivity both in vitro and in vivo suggesting that these cells may be experiencing
accumulation of DNA damage. We also demonstrate by comet assays that resistant cells accumulate
more DNA breaks in response to Chk1i than treatment-naïve cells. Interestingly, we observed that upon
double-thymidine blockade, resistant cells display impaired control of G1/S transition partially failing to
arrest at this checkpoint. Additionally, we show that G2/M arrest in response to doxorubicin is more
efficient in resistant cells than in their counterparts. In conclusion, we show here that resistant melanomas
are more dependent on Chk1 than treatment-naïve cells. This vulnerability may be related to a defective
G1/S checkpoint and consequent replicative stress, leading to DNA damage accumulation and G2/M
arrest. Upon G2 checkpoint abrogation by Chk1i, resistant cells would more efficiently enter mitosis with
unrepaired DNA, which would eventually cause enhanced cell death. Our study may contribute to the
identification of resistance biomarkers and to the development of more efficient therapeutic approaches.
Financial Support: CNPq/Science without Borders Program.
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ATR-ATRIP SIGNALING PATHWAY AND THE REGULATION OF REPLICATIVE STRESS IN
CENTRAL NERVOUS SYSTEM DEVELOPMENT
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Genomic stability is crucial for cellular homeostasis, normal development and prevention of tumorigenesis.
Obstacles in DNA replication may cause replicative stress and induce genomic instability in proliferating
cells. Signaling of replicative stress requires the ATR kinase. The stability and all known functions of
ATR depend on its partner ATRIP. In humans, mutations in these genes lead to Seckel Syndrome that is
associated with genomic instability, while ATR knockout mice are embryonically lethal. Our goal is to study
the roles of Atr-Atrip signaling in central nervous system development in vivo. First, we characterized
how retina progenitor cells (RPC) respond to replicative stress induced by hydroxyurea (HU) in vitro. HU
treatment of retinal explants induced DNA damage, checkpoint activation and cell death in RPC. Atr-Atrip
signaling loss of function increases progenitor cells sensitivity to replicative stress. To evaluate the roles
of the Atr-Atrip complex in vivo, we generated a transgenic mice in which the first three exons of Atrip
were flanked by LoxP sequences and this was mated with different Cre lines in order to inactivate Atrip
specifically in the retina (Pax6-Cre; Atrip lox/lox) or in the brain and retina (Nestin-Cre; Atrip lox/lox). Loss
of Atrip in neural progenitor cells resulted in developmental defects, microcephaly and postnatal lethality
around P9. In RPC, Atrip inactivation led to DNA damage accumulation and increased cell death what was
associated with dysplasia and lamination defects in adult Atrip-deficient retinas. Here, we characterized
the molecular mechanisms by which neural progenitor cells respond to replicative stress. In addition, for
the first time, we show that Atr-Atrip signaling pathway is essential for the survival of retinal progenitor
cells in vivo. These results may contribute to a better understanding of the roles of Atr and Atrip in human
syndromes associated with replicative stress and genomic instability.
Financial Support: DFG, CNPq, FAPERJ.
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MOLECULAR EVOLUTION OF NUCLEOTIDE EXCISION REPAIR PATHWAY
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Nucleotide excision repair (NER) is the most versatile mechanism to remove helix-distorting DNA lesions.
This DNA repair pathway appeared early in evolution and plays an important role in the maintenance
of genome integrity in all species. Despite the advances of genomic research, especially during the
last decade, there are only few and non-current published studies about the evolutionary history of this
pathway. Thus, concerning the large amount of genomic sequences currently available on databases,
the objective of this study was to characterize the structures of ten genes of NER pathway (introns
and exons of CSA, CSB, HR23B, XPA, XPB, XPC, XPD, XPE, XPF, and XPF genes), as well as the
structures of their respective proteins (domain architecture), in order to present the evolutionary history
of this pathway considering all the species available on Metazome and Phytozome. For these purposes,
the sequences of the whole genes, as well as the coding regions and proteins were obtained from these
databases. Then, the gene structures were drawn using Gene Structure Display Server 2.0, and protein
domains were characterized using SMART. The best evolutionary model was set by ProtTest 3.4.2, and
the phylogenies were built with the most conserved regions of the amino acid alignments using BEAST
1.8.3. Interestingly, although a wide diversity in gene structures could be observed, proteins showed
highly conserved domains. In addition, our results indicate a great similarity among the phylogenies of
all the studied genes, suggesting that the evolution of this pathway was conserved during the biological
evolution of species.
Financial support: CNPq.
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GLUCANTIME CAUSES DNA DAMAGE AND INDUCES OVEREXPRESSION OF GENES
RELATED TO DNA REPAIR AND OXIDATIVE STRESS RESPONSE.
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Leishmaniasis is a tropical disease caused by over 20 species of the protozoa Leishmania. Meglumine
antimoniate (Glucantime) is the first-choice drug recommended by the World Health Organization for the
treatment of all types of leishmaniasis. However, the mechanisms of action and toxicity of pentavalent
antimonials, including genotoxic effects, remain unclear. Therefore, the mechanism by which Glucantime
causes DNA damage was investigated for BALB/c mice infected by L. infantum and treated with Glucantime
(20 mg/kg for 20 days). DNA damage was analyzed by comet assay using mouse leukocytes. Furthermore,
comet assays were followed by treatment with formamidopyrimidine-DNA glycosylase and endonuclease
III, which remove oxidized DNA bases. In addition, the activities of superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx) in the animals’ sera were assessed. mRNA expression of genes
related to oxidative stress (GSS, GSTP1, GPx1, SOD1, SOD2 and CAT) and DNA repair (OGG1 and
MTH1) was performed by qRT-PCR analysis. To investigate mutagenicity, we carried out micronucleus
test. Our data demonstrate that Glucantime induces DNA damage in mammalian cells by oxidation of
nitrogenous bases. Additionally, the antileishmanial increased the frequency of micronucleated cells,
confirming its mutagenic potential. Furthermore, all genes analyzed were overexpressed in animals
treated with Glucantime. According to our data, both Glucantime treatment and L. infantum infection
promote oxidative stress-derived DNA damage, which promotes overactivation of the SOD-CAT axis,
whereas the SOD-GPx axis is inhibited as a probable consequence of glutathione (GSH) depletion.
Finally, our data enable us to suggest that meglumine antimoniate regimen, as recommended by the
World Health Organization, would compromise GPx activity, leading to the saturation of antioxidant
defense systems that use thiol groups, and might be harmful to patients under treatment.
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GENISTEIN AND ASCORBIC ACID REDUCE OXIDATIVE STRESS-DERIVED DNA
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Current treatments for leishmaniasis are limited. Pentavalent antimony (Glucantime) is the first-choice
drug recommended by the World Health Organization, although its mechanism of action is still unclear
while its side effects are well known. Studies have suggested that Glucantime is capable to cause
oxidative damage to lipids and proteins. More recently, our group attributed its mutagenic effect to its
ability to oxidize DNA nitrogenous bases. Considering that antioxidant compounds have the ability to
modulate reactive oxygen species, we evaluated the ability of two antioxidants, genistein and ascorbic
acid, to reduce the DNA damage caused by Glucantime. Firstly, Swiss mice (n= 5/group) received
genistein (via gavage) at doses of 5, 10 and 20mg/kg for 3 consecutive days. After that, the animals
were treated intraperitoneally with Glucantime (810mg/kg). Secondly, Swiss male mice (n= 5/group)
were treated simultaneously with ascorbic acid (30, 60 and 120mg / kg) and Glucantime (810mg/kg).
DNA damage was analyzed by comet assay using mouse leukocytes. Furthermore, comet assays were
followed by digestion with formamidopyrimidine-DNA glycosylase (FPG), which remove oxidized DNA
bases. To investigate mutagenicity, the micronucleus test was carried out on erythrocytes of bone marrow.
Considering that the intermediate dose (60mg/kg) of ascorbic acid was more effective in reducing DNA
damage caused by Glucantime, additional assays were performed (pre-treatment and post-treatment).
Our data show that genomic instability caused by Glucantime increased even more after digestion with
Fpg enzyme, reinforcing our previous data that suggest the capacity of Glucantime to cause oxidation
of DNA bases. Additionally, both antioxidants, genistein and ascorbic, were able to reduce the genotoxic
and mutagenic effects of Glucantime, reinforce that the production of reactive oxygen species is one of
the mechanisms of action of the antileishmanial Glucantime.
Financial Support: FAPEMA, CAPES
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INSTABILITY IN THE PROTOZOAN LEISHMANIA MAJOR
Virgilio S1, Damasceno JD1, Santos EV1, and Tosi LRO1
1.

Ribeirão Preto Medical School, São Paulo University – USP, Ribeirão Preto, S.P.
E-mail: stelav5@yahoo.com.br
Key-words: Leishmania, genome instability, 9-1-1 complex, chromatin immunoprecipitation

The protozoan parasite Leishmania has an unusually plastic genome where chromosome copy number
variation, gene amplification and duplication, rearrangements and translocations are common events
that may affect the genome structure and expression, leading to genome instability. The eukaryotic
cell has evolved a complex network of pathways to respond to genome instability and DNA injuries
collectively called DNA Damage Response (DDR). The Rad9-Rad1-Hus1 (9-1-1) complex has a central
role at the early steps of eukaryotic DDR. We found that the Leishmania major Rad9, Rad1 and Hus1
subunits form a stable complex and associate with chromatin in response to replication stress. Also,
subunits Rad9 and Hus1 participate in the parasite cell cycle checkpoint and telomere maintenance.
To identify the possible fragile sites involved in the instability of the Leishmania genome we are using
chromatin immunoprecipitation (ChIP) assay of Hus1-containing loci. ChIP assays are being carried out
in an endogenous-tagged Hus1 cell line (LmHus1-12xMyc strain) cultivated under control condition and
subjected to hydroxyurea. To establish the ChIP protocol, we optimized the efficacy of sample preparation,
formaldehyde crosslinking, DNA fragmentation by sonication and immunoprecipitation. Western blot
analysis demonstrated that Hus1-12xMyc was efficiently immunoprecipitated with anti-Myc antibodies
from samples submitted or not to the crosslinking. Adequate reversible crosslinking conditions were
established. In cross-linked extracts, Hus1 was immunoprecipitated as high molecular mass complexes.
The western analysis also included probing with an anti-Rad9 antibody, which showed that Rad9 subunit
is also presented in the high weight complexes. Experiments are currently underway to identify target
sites in Leishmania genome through ChIP-seq and ChIP-PCR assays.
Supported by FAPESP (16/18191-5; 16/50500-2)
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GENOTOXIC AND ANTIPROLIFERATIVE EFFECTS OF POLYALTIC ACID, IN MCF-7 CELL
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The “copaíba” oleoresin has been extensively used as antiinflammatory, to treat parasite diseases
and cancer. The oleoresin extracted from stem of Copaifera species is a liquid with variable color and
viscosity, composed mostly by sesquiterpenes and diterpenes, including the ent-polyalthic acid (PA),
one of the major compounds of C. duckei specie. In the present study, the antiproliferative potential of
PA was evaluated in MCF-7 (breast adenocarcinoma). Results from colorimetric cytotoxic assays XTT
and SRB demonstrated that AP was cytotoxic in the tumoral MCF-7 cells (IC50 86.81 µg/mL). Similarly,
by SRB assay the lower IC50 obtained was 67.3 µg/mL. Cellular proliferation was evaluated using BrdU
assay and PA significantly inhibited cell proliferation at a concentration range from 50 to 200 µg/mL.
Clonogenic survival assay demonstrated that PA inhibited, in a concentration-dependent response, the
presence of counted colonies. Cell death was evaluated both by cytomorphology and flow cytometry and
revealed that PA induced cell death by apoptosis and necrosis in concentration up to 25 µg/mL. By comet
assay the genotoxic effects of PA were observed at 12.5, 25 and 50 µg/mL. Gene expression analysis
demonstrated the upregulation of p53 and casp3, as well as downregulation of bcl-2 in response to PA in
treatment. Additionally, cell cycle analysis demonstrated G1 accumulation in response to the treatment
with PA. In conclusion, in response to the genotoxicity of PA, cellular proliferation was reduced by cell
cycle blocking and activation of cell death.
Financial Support: FAPESP (2011/13630-7); CAPES; UNIFRAN

77

XII CONGRESSO da MutaGen-Brasil - 2017
IG 27
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Most organisms die when confronting extreme desiccation regimes, as observed in severe and prolonged
droughts. However, some species can withstand such conditions by entering into a unique state of
suspended animation known as anhydrobiosis. Notably, anhydrobiosis also renders the organism tolerant
to several other physical stresses such as extremes of temperature, pressure and radiation. Anhydrobiosisbased technologies are promising strategies to preserve field crops, develop dry vaccines as well as the
preservation of organs for transplant. In the current work our group measured the tolerance of P. superbus
to X-radiation. For this purpose, hydrated (negative control) and desiccated worms (experimental group)
were immobilized on membranes and placed in Petri dishes which were irradiated (100 or 500 Gy) using
the RS 200 Biological Research irradiator (Rad Source). Desiccated worms not exposed to X-rays were
considered as the positive control. After rehydration worms were divided into 10 equal samples, then
viability and population sizes were determined throughout 10 time points (the following 10 days after
stress). Except for the second day after exposure, no significant decreases were observed between
the viability of the treatment groups over 10 days after X-rays exposure. Remarkably, our data revealed
that hydrated P. superbus naturally displays considerable resistance to x-radiation (100 and 500 Gy)
in the tested conditions. However, a stagnation of population growth was observed both in desiccated
and hydrated worms exposed to 500 Gy, which demonstrates that anhydrobiosis do not increase the P.
superbus resistance to radiation. In this context, further studies are necessary to evaluate possible DNA
damages caused by X-rays in this nematode as well as its DNA repair mechanisms. Finally, due to its
intrinsic survival potential (hydrated or desiccated), our data evidence the potential of P. superbus as a
model in astrobiology.
Financial Support: CNPq
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MUTATION IN LAMIN B1 (LMNB1 GENE) MAY RESULT IN CHANGES IN CELL
SENSITIVITY TO TOPOISOMERASE POISONS
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Adult-onset autosomal dominant leukodystrophy (ADLD) is a rare neurodegenerative syndrome due to
gene (LMNB1) duplication and lamin B1 (LB1) protein. The architecture and structural mechanics of
the cell nucleus are defined by the nuclear lamina, which is formed by A- and B-type lamins. There is
growing evidence that the nuclear lamins play important roles in the anchorage of peripheral elements of
chromatin, in regulating the organization of chromosome territories, and in gene expression. The lamins
have also been shown to play important roles in DNA replication and repair, RNA polymerase II (Pol
II) transcription, and the epigenetic control of chromatin remodeling. However, how the overexpression
of LB1 affects nuclear mechanics and function and how it may result in pathology remain unexplored.
To contribute to the study of the role of lamin B in these processes, we started the characterization
of primary fibroblasts (LD01SP) from an ADLD patient carrying a novel mutation (heterozygote) in this
gene. These cells show a high frequency of nuclear anomalies as observed by immunofluorescence. In
addition, the expression of mRNA of LMNB1 gene was higher in these cells, when compared to wild cells
(AS405VI). The cells were assayed for their sensitivity to several agents that are known to damage DNA,
in comparison with control human fibroblasts (AS405VI). No sensitivity was observed after treatment with
the genotoxic agents temozolomide, cisplatin and H2O2. However, cell treatment with topoisomerases
inhibitors led to very interesting results. Patient cells showed abnormal resistance to doxorubicin and high
sensitivity to camptothecin. The increased sensitivity to camptothecin was confirmed with high levels of
subG1 (apoptotic) induced in LD01SP cells, when compared to control cells. Moreover, camptothecin
induces high levels of H2AX phosphorylation in LD01SP cells even after a short period (6 h) of treatment,
indicating a clear defect on the ability of these cells to handle DNA damage induced by this topoisomerase
I poison. Therefore, these results indicate that defects on LMNB1 implicate in impaired processing of DNA
damage related specifically to the topoisomerase I poisoning, which maybe related to the transcription
process. On the other hand, the resistance to topoisomerase II inhibitor (doxorubicin) may be related to
the DNA replication blockage by this drug.
Financial Support: FAPESP and CNPq.
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The Trypanosoma cruzi is the etiologic agent of Chagas disease (CD). Understand their metabolism
and DNA repair pathways is important for development of drugs against CD. In this work was evaluated
the participation of nucleotide excision repair (NER) pathway in response to genotoxic agents through
the XPC gene. The NER pathway is responsible for the repair of helix distorting DNA lesions and DNA
damage recognition is accomplished by XPC. We used single-knockouts (XPC+/-) and overexpressors
(XPC over) lines of T.cruzi. The genotoxics agents used were: Cisplatina and Camptotecin. Both could
lead to fork collapse during the cell replication. The cell responses to different injuries were evaluated
by growth curve , cell survival, analysis of cell cycle, BrdU incorporation, and Western Blot of yH2AX.
The results showed that XPC+/- cells growth worst when compared to WT (Wild Type) and XPC over
cells in normal conditions. In the presence of Cisplatin (75uM), surprisingly, XPC+/- was more resistant.
When treated with Camptotecin, XPC +/- was unable to activity the checkpoint signal, since it continuous
to grow in the presence of the drug, differently from that was observed in WT and XPC over cells. The
cell cycle analysis showed that XPC +/- cells have a short G1 and S phase but a too long post-mitotic
phase. Using BrdU assay was possible to see that XPC +/- cells show replicative stress spontaneously .
According with this data, we were also able to show that XPC +/- cells present a high quantity of yH2AX
protein (marker of double strand breaks in DNA). Finally, we verified that XPCs +/- cells were able to
form more hybrid cells than WT cells. All these data suggested that the XPC deficient cell present an
inaccurate DNA replication and these cells are unable to activity S phase checkpoint. This phenotype
could be due to an inappropriate DNA repair process that are unable to take off all the lesions before the
DNA replication or that XPC has an different function in T. cruzi cells associated with DNA replication and
S checkpoint activation.
Financial support: CNPq, CAPES, FAPEMIG, Newton Fund.
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LEAD (Pb) EXPOSURE INDUCES DNA OXIDATIVE DAMAGE IN WORKERS EXPOSED TO
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Lead (Pb) is a toxic metal ubiquitously found in the environment, as it can be detected in water, dust, soil
and food, which are forms of contamination to the general population. However, the use Pb in industry is
the main source of exposure and workers are subjected to high levels of the metal, which is able to cause
adverse effects to several biological systems. Due to its affinity to bind to antioxidant enzymes, Pb may
unbalance the cellular redox status and, consequently, cause oxidative damages to the cells, including
their genetic material. Therefore, measuring DNA oxidation is a way to assess Pb-induced oxidative stress,
and urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) is a reliable biomarker for risk assessment. The aim
of this study was to determine the levels of urinary 8-OHdG in workers from automotive battery factories
chronically exposed to Pb, in order to evaluate the DNA oxidative damage induced by the metal. The
study included 240 male workers from automotive battery industries from Paraná State, Brazil. This study
was approved by the Research Ethics Committee of the School of Pharmaceutical Sciences of Ribeirão
Preto, Brazil. Blood (B-Pb) and plasma (P-Pb) and urine Pb (U-Pb) were determined by inductively
coupled plasma mass spectrometry (ICP-MS); urinary concentrations of 8-OHdG were measured by
liquid chromatography-mass spectrometry in tandem (HPLC-MS/MS) and sociodemographic data were
collected by questionnaire aiming to adjust for variables that may influence Pb and/or 8-OHdG levels.
Descriptive analyses and multivariate generalized linear models were run in order to assess the impact
of Pb exposure on 8-OHdG levels. Mean level of B-Pb was 21 ± 12 µg/dL (ranging from 1.9 to 53 µg/dL).
P-Pb was 0.62 ± 0.73 µg/dL (0.010 to 6.7 µg/dL), and U-Pb was 39 ± 47 µg/g creatinine (0.26 to 383 µg/g
creatinine). Mean urinary 8-OHdG was 4.0 ± 2.4 µg/g creatinine. Results showed that P-Pb was positively
associated to urinary 8-OHdG (β = 0.15, p=0.012), while B-Pb and U-Pb were not statistically associated
to 8-OHdG (β = -0.084, p= 0.34; β = -0.046, p=0.30, respectively). Our results show significant metal
levels in the study population, in all Pb-biomarkers evaluated. In particular, P-Pb, the fraction in which Pb
is more bioavailable, was associated to urinary 8-OHdG, suggesting the occurrence of oxidative damage
to DNA, a remarkable effect of Pb toxicity.
Funding agencies: São Paulo Research Foundation (FAPESP, #2015/04786-4; #2013/06033-8)
and Coordination for the Improvement of Higher Education Personnel (CAPES).
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EFFECTS OF INHIBITION OF REDOX AND REPAIR FUNCTIONS OF THE PROTEIN APE1
COMBINED TO PHOTODYNAMIC THERAPY IN CANCER TREATMENT
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Photodynamic therapy (PDT) has been used to treat cancer by activation of a photosensitizer (PS)
generating high levels of oxidative stress. Thus, here we highlight the effects of PDT and its combination
with molecules that inhibit repair (methoxyamine – MX, and NCA) and redox (E3330) functions of
the APE1 protein. APE1 is a key protein involved in base excision repair, and also acts as important
co-activator of transcription factors such as p53 which is a multifunctional regulator of cell death. We
hypothesized that inhibition of APE1 would sensitize cancer cells to PDT. These effects were compared
between HeLa (human cervical adenocarcinoma) and A549 (human lung adenocarcinoma) cells. The PS
used was chloroaluminum phthalocyanine incorporated into nanoemulsion and the cells were treated for
3 h in combination to each APE1 inhibitor (concentrations: MX-40 mM, NCA-500 µM, E3330-50 µM). The
visible light (@ 670 nm) dose used to irradiate cells was 0.5 J/cm2. Expression of APE1 protein and its
modulation by PDT were evaluated by Western Blot. The treatments were evaluated in terms of viability
(ViaCount assay), cell cycle and subG1 content, and identification of apoptosis and/or necrosis by flow
cytometry. First, in relation to A549 cells: no alterations in viability was observed; nor cell cycle changes or
sub-G1 cell accumulation; and no increasing in apoptosis and necrosis rates in the combined treatments
with all inhibitors (PDT+MX, PDT+NCA, PDT+E3330) related to PDT. Otherwise, in relation to HeLa cells:
1º) the combined treatment with MX increased cell death (ViaCount) by 23% (60% vs. 83%, PDT vs.
PDT+MX, p<0.05); increased sub-G1 cell population (from 46% to 62%, PDT vs. PDT+MX, p<0.05); and
increased apoptosis from 45% to 68% (PDT vs. PDT+MX, p<0.05) as detected by annexin-V labeling.
2º) The NCA inhibitor did not modulate the effect of PDT. 3º) Finally, the E3330 molecule increased the
effects of PDT at 35% in cell death induction (55 vs. 90%, PDT vs. PDT+E3330; p<0.05). It also increased
the subG1 population (43% vs. 66%, PDT vs. PDT+E3330; p<0.05) and apoptotic cells from 50% to 74%
(PDT vs. PDT+E3330; p<0.05). Expression of APE1 protein and its modulation after PDT were greater
in HeLa (2.08-fold increased) than in A549 cells and would explain the substantial cytotoxic differences
between these cell lines. Thus, together these results stated that PDT efficacy can be improved by MX
and E3330 impairment in high APE1 expressive cells.
Financial support: FAPESP # 2014/11870-9, 2013/50181-1 and FINEP 01.10.0758.01.
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GENOTYPIC CHARACTERIZATION OF BRAZILIAN PATIENTS WITH NUCLEOTIDE
EXCISION REPAIR DEFICIENCY
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Human Syndromes deficient on nucleotide excision repair are know to display photosensitivity
and/or neurological problems, such as xeroderma pigmentosum (XP), Cockayne syndrome and
trichothiodystrophy (TTD). Case reports and genotypic descriptions of patients have been published
worldwide, mainly in North America, Europe, Africa and Japan. The follow up of these patients for
decades and the study with these cells led to an understanding of what is currently known about the
molecular pathways and genetic defects involved in the phenotypes of these syndromes. In Brazil, a few
case-reports describe some patients with these phenotypes, and genetic and molecular characterizations
are scarce. With the possibility to identify mutations directly with New Generation Sequencing (NGS)
techniques, we initiated a project to diagnose the mutations involved in these NER syndromes. Thus,
up to now, we identified mutations for 39 Brazilian patients, including 17 XP-V patients from Faina, GO,
isolated community (Munford and Castro et al, 2016). Many of these mutations are novel and include 26
XPV, six XPC, one XPA and five XPE genes for XP patients, and one XP-D/ERCC2 for TTD and two CS
patients, one mutated at CSB/ERCC6 and one XPA mutated. The molecular diagnosis of these patients
offers not only data for the distribution of mutations of NER patients in Brazil, and genetic counseling, but
also gives them and their families the possibility to search for more health and social support.
Financial Support: FAPESP (São Paulo, Brazil) and CNPq (Brasília, Brazil).
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RECRUITMENT KINETICS OF HOMOLOGOUS RECOMBINATION PATHWAY IN
TRYPANOSOMA BRUCEI AFTER IONIZING RADIATION
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Trypanosoma brucei is the etiological agent of Human African Tripanossomíase and has evolved an
extracellular lifestyle in the mammalian host mainly using the antigenic variation strategy. The molecular
basis for the variation of expressed Variant Surface Glycoproteins (VGS) involves DNA recombination
events resulting of Double Strand Breaks (DSBs) generated from fragile subtelomeric sites. Thus, the
mechanisms involved in DSBs generation, as well as molecules working in the DSBs repair processes,
seem to have strong correlation with the ability of T. brucei to escape from host’s immune system. To
ensure genomic integrity eukaryotic cells have evolved two canonical repair pathways in response to
DSBs, homologous recombination (HR) and non-homologous end joining (NHEJ). In T. brucei some of
the genes involved in NHEJ were not found, strongly suggesting that this repair mechanism is lacking in
this organism. On the other hand, despite genes involved in HR were found and studies have identified
some of the proteins that participate in HR pathway, the detailed reaction and recruitment kinetic of
the machinery onto DNA during DSB repair are not clearly elucidated. Using DNA fragmentation and
chromatin protein ligation assays we were able to establish the recruitment kinetics of HR pathway,
involving Exo1, RPA and Rad51, in response to DSBs generated by 50Gɣ of ionizing radiation (IR) in
T brucei. Using γH2A as marker of DSB, we could see that the complete process of DSBs repair took
about 5.5 hours evidenced for the absence of γH2A bound to DNA. Also, we found that DSB induced with
IR impairs DNA replication in T. brucei, blocking EdU incorporation two hours after treatment. Six hours
after damage, the DNA synthesis was completely recovered. DNA replication block was not observed
by adding caffeine before IR, strongly suggesting that a signaling pathway is activated inhibiting DNA
replication and that is probably dependent of kinases (ATM/ATR) activity. Taken together, these data
suggest that interplay between DNA replication arrest and HR activation is finely coordinated in T. brucei,
allowing these parasites continue to replicate DNA just after DSBs repair.
Financial Support: São Paulo Research Foundation (FAPESP) – processes 2015/10580-0,
2014/24170¬-5; and National Counsel of Technological and Scientific Development (CNPq) – process
870219/1997-9.
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BACCHARIS TRIMERA (LESS.) DC. ESSENTIAL OIL: INFLUENCE OF CHEMICAL
COMPOSITION ON MUTAGENIC ACTIVITY
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“Carqueja” (Baccharis trimera (Less.) DC., Asteraceae) is a Brazilian native shrub widely used in folk
medicine as an anti-inflammatory agent and to treat gastrointestinal illnesses. Moreover, B. trimera
aerial parts essential oil (BtEO) has been described as a potential anti-Schistosoma agent. This study
evaluated the in vitro and in vivo mutagenic effect of BtEO, correlating this effect with the chemical
composition. B. trimera aerial parts were collected monthly (January/2014 to December/2014) in CPQBA
experimental field, submitted to EO extraction by hydrodistillation and the BtEOs samples were blended in
equal proportions (BtEO CPQBA). This bath and a commercial sample of BtEO (BtEO commercial) were
analyzed by gas chromatography coupled to mass spectrometry (GC/MS). Mutagenicity of EOs samples
were evaluated by in vitro cytokinesis block micronucleus assay (CBMN), with (S9+) and without (S9-)
metabolic activation, in CHO-K1 cell line and by in vivo mammalian erythrocyte micronucleus test in mice.
In CBMN/S9- assay, BtEO CPQBA (6.25, 12.5 and 25 μg/ml) increased the MNs frequency comparing
to untreated cells, while BtEO commercial promoted an augment in MNs frequency at 12.5 and 25 μg/
ml. In both cases, the MN frequency enhance was significantly reverted by metabolic activation system.
After three-day oral treatment, BtEO CPQBA increased frequency of micronucleated polychromatic
erythrocytes (MNPCE) at 150 and 300 mg/kg (0.6263 and 0.9437%, respectively), that was lower than
that promoted by BtEO commercial at 75, 150 and 300 mg/kg (0.6910, 1.003 and 1.216%, respectively);
both treatments resulted in a MNPCE frequency lower than cyclophosphamide (2.119%, positive control,
50 mg/kg). These variations in MNs frequency can be explained by differences in chemical composition.
Thus, although both BtEOs showed predominance of hydrocarbon sesquiterpenes, the major compounds
of BtEO CPQBA were bicyclogermacrene (17.16%), E-caryophyllene (15.24%), germacrene D (11.85%),
β-pinene (7.32%), δ-cadidene (6.85%) and β-myrene (5.30%), while the BtEO commercial presented
carquejyl acetate (65.36%) and palustrol (7.58%). The results suggest that, although metabolic enzymes
could process compounds of both BtEOs into less toxic substances in vitro, the oral administration of
carquejyl acetate-enriched BtEO (commercial sample) seemed to be more mutagenic than BtEO CPQBA,
pointing to the possible safe use of BtEO CPQBA as anti-Schistosoma agent.
Financial supporting: FAPESP grant #2013/13196-0, CAPES, CPQBA/UNICAMP.
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Antarctic moss Sanionia uncinata responds to ultraviolet (UV) radiation exposure inducing production of
UV-absorbing compounds such as flavonoids. This moss is an important source of antioxidants and its
photoprotective activity has been investigated. In the present study, cell death and production of Reactive
Oxygen Species (ROS) of human HaCat keratinocytes after exposure to UV-A and UV-B radiation in
the presence of hydroethanolic (HE), ethanolic (EE) and methanolic (ME) extracts of S. uncinata were
quantitatively evaluated by flow cytometry. After 24-h exposure of HaCat cells to the three extracts (0.440 µg/mL), medium was removed and the cells were washed with PBS, covered with a thin PBS layer,
irradiated for evaluating both cell death (250 J/cm2 UV-A and 2 J/cm2 UV-B) and ROS generation (150
J/cm2 UV-A and 0.2 J/cm2 UV-B) in an UV Crosslinker, and further cultured in DMEM containing 10%
FBS. The cells were kept in a humid atmosphere (95% air and 5% CO2) at 37°C. After 24 hours, cells
were washed twice with PBS, collected by centrifugation and stained with Annexin-V-FITC and 7-aminoactinomycin D according manufacturer’s protocol. Measurements of intracellular ROS were performed
using 2,7-dichlorofluorescein diacetate. Flow cytometry was carried out on a FACS Calibur. In the
absence of UV-A and UV-B radiation the three extracts did not increase significantly the frequency of
early and late apoptosis cells, but at 40 µg/mL induced necrosis. EE and HE (up to 1-4 µg/mL for UV-A
and 0.4 µg/mL for UV-B) and ME (0.4-40 µg/mL for UV-A and UV-B exposure) reduced early apoptosis
cells, indicating inhibition of phosphatidyl serine (PS) translocation in the cell membrane. However, UV-A
and UV-B treatments plus extracts resulted in a dose-dependent (≥ 4 µg/mL) increase in the percentage
of late apoptosis cells. Although UV-induced necrosis has been observed by ME (UV-A and UV-B) and
EE (UV-B) only at the highest dose (40 µg/mL) their effects were significantly inhibited in association
between the extracts and UV-A and UV-B radiation compared to in absence of radiation. Moreover, all
extracts acted as scavengers of intracellular ROS generated by UV radiation. Therefore, ME, EE and
HE has the potential to protect HaCat keratinocytes against UV damages by inhibition of PS of an intact
cell membrane in a dose-dependent manner and has a strong antioxidant activity that can be due to the
composition of secondary metabolites in the extracts.
Financial support: Rio de Janeiro State Foundation for Support Research (FAPERJ) and National
Counsel of Technological and Scientific Development (CNPq).
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There has been a growing interest in the development of sunscreens with natural UV-absorbing products.
The Antarctic moss Sanionia uncinata is an important source of antioxidants and its photoprotective
activity has been investigated. It has been reported that hydroethanolic (HE, 70% ethanol), ethanolic
(EE), and methanolic (ME) extracts of S. uncinata presented significant values of in vitro sun protection
factor (SPF) and increased the SPF values of UV-filters in a synergistic effect. Besides, HE and EE
showed significant photoprotective effects against UV-A radiation in photo-Ames test. However, there
is a few of data regarding their toxicological effects. HaCaT cells were exposed to HE, EE and ME
extracts of S. uncinata from Antarctic Peninsula to investigate the genotoxic and photo-genotoxic activity.
In micronucleus (MN) test, after 3 hours exposure of HaCat cells to the three extracts (0.4-40 µg/mL),
medium was removed, the cells were washed with PBS and further cultured in DMEM containing 10%
FBS. The cells were kept in a humid atmosphere (95% air and 5% CO2) at 37°C. After 24 hours, cells
were washed twice with PBS, fixed and stained with DAPI (4’-6-diamidino-2-fenilindol). The frequency
of micronucleated cells was determined analyzing 6000 cells per dose in a fluorescence microscope
(Reichert Univar). In the photo-micronucleus (PMN) test, before irradiation, the culture medium was
removed and the cells were washed once PBS, covered with a thin PBS layer and treated with extracts
(0.4-40 µg/mL) and negative (DMEM supplemented with 10% FSB) or positive (8-methoxypsoralen at 10
µg/well) controls. After 1-hour pretreatment, cells were irradiated at 8 J/cm2 of UV-A (365 nm) or 0.008
J/cm2 of UV-B (302 nm) using UV Crosslinker (Ultra-violet Products Ltd, Upland, CA) and cultured in
DMEM supplemented with 10% FSB. The cells were kept in a humid atmosphere (95% air and 5% CO2)
at 37°C. After 24-h, cell viability was analyzed using trypan blue exclusion and for PMN test the cells were
fixed, stained with DAPI and 6000 cells in each dose were analyzed under a fluorescence microscope.
The extracts did not affect the cell viability and did not induce significant increases in the frequency of
micronucleated cells in the MN and PMN tests. These results indicate that HE, EE and ME do not induce
either clastogenicity or photo-clastogenicity, suggesting safety of these extracts in its use as potential
photoprotective agents against solar UV radiation.
Financial support: Rio de Janeiro State Foundation for Support Research (FAPERJ) and National
Counsel of Technological and Scientific Development (CNPq).
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Nowadays, cancer has become a global public health problem.Although skin cancer is the most frequent in
Brazil and accounts for 30% of all malignancies registered in the country, the melanoma cancer represents
only 3% of malignant neoplasms of the organ. Even though the small incidence rate, the melanoma cancer
corresponds for about 80% of the deaths related to the different cutaneous cancers, presenting high lethality.
Currently, the therapeutic modality based on the infusion of cytotoxic drugs is one of the main forms used
for the treatment of metastatic melanoma, one of the most commonly used drugs is the cisplatin (CDDP).
This compound is a potent antineoplasic drug widely used for the treatment of various types of cancer.
Despite its success, CDDP has several disadvantages that include severe toxicity such as nephrotoxicity
and neurotoxicity, limiting the treatment. The aim of this study was to evaluate the antitumor efficiency of
CDDP incorporated into yttrium vanadate nanoparticles functionalized with 3-chloropropyltrimethoxysilane
(CPTES) and folic acid (YVO4:Eu3+:CPTES:AF:CCDP) in a syngeneic mouse melanoma model (B16F10).
Histopathological, biochemical and genotoxic analyses of treated animals were performed to assess
the toxicity of the treatments. The animals treated with YVO4:Eu3+:CPTES:AF:CCDP and CDDP at a
dose of 5 mg/kg b.w. for 5 days showed significant reductions in tumor weights (68.33% and 86.00%,
respectively). Histopathological analysis showed a significantly lower mean frequency of mitoses in
tumor tissue of the groups receiving YVO4:Eu3+:CPTES:AF:CCDP and CDDP compared to the tumor
control group. The biochemical analysis revealed an increase in serum creatinine and urea levels in
animals treated with CDDP, but not in those receiving YVO4:Eu3+:CPTES:AF:CDDP. Marked cytotoxic
effects were observed in animals treated with CDDP, while treatment with YVO4:Eu3+:CPTES:AF:CDDP
showed no cytotoxicity in the bone marrow micronucleus test. In view of the cytotoxicity observed in the
CDDP treated animals, it was not possible to analyze the micronucleated erythrocytes. The animals of
YVO4:Eu3+:CPTES:AF:CCDP group showed significantly higher frequencies of micronuclei in relation to
those of the control group. These results demonstrate the antitumor efficiency and significantly reduced
systemic toxicity of YVO4:Eu3+:CPTES:AF:CDDP compared to CDDP.
Financial support: São Paulo Research Foundation (FAPESP;grant # 2012/24427-0).
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Cancer is a leading cause of death globally. Currently, 10 million new cancers are diagnosed each year and
the World Health Organization estimates that the number will rise to 70 percent in 20 years’ time. These
statistics are alarming considering the lack of effective therapy and minimal side effects. Considering
that mutations are important factors in carcinogenesis, the search for natural antimutagenic agents are
required for effective cancer control. Annona muricata Linnaeus (soursop), known as graviola in Brazil,
is a member of the Annonaceae family and is mostly distributed in tropical and subtropical regions of the
world. Acetogenins have been identified in leaves of A. muricata. In South America and tropical Africa,
leaves of this species are used as an ethnomedicine against tumors and cancer. Previously, we showed
that hydroalcoholic extract of graviola leaves induced cell death in lung (A549), liver (HepG2), and breast
(MCF7) cancer cells. In the present study, we investigated the antimutagenic properties of hydroalcoholic
extract (EE, 95%) of A. muricata leaves using the Salmonella/microsome assay in the absence and
presence of exogenous metabolizing system with a pre-, co-, and post-treatment to evaluate, respectively,
intracellular and extracellular reactions and possible modulation on DNA repair. The results indicated that,
except for the post-treatment in absence of exogenous metabolizing system for TA98 strain, EE showed
stronger inhibitory activity against mutagens (2-aminoanthracene and 4-nitroquinoline- 1-oxide) in pre-,
co-, and post-treatments for TA98 and TA100 strains. Therefore, these data suggest that the interaction of
the extract with the mutagens resulted in a decrease in mutagenic activities by the different mechanisms
outlined above.
Financial support: Rio de Janeiro State Foundation for Support Research (FAPERJ) and National
Counsel of Technological and Scientific Development (CNPq).
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The Parnaíba River that bathes the city of Floriano-PI is very important for the economy of the region.
However, it has been degrated by human activities that can cause injuries for environmental and people
exposed. Its pollution can also threaten the integrity of the genetic material of cells, mainly causing
damage to DNA, which can result in cell death, mutagenesis and carcinogenesis. The aim of this study
was to evaluate the cytogenotoxicity potential of Parnaíba River surface waters in the urban area of the
city of Floriano-PI in Allium. cepa L. test system. It was chosen three sampling points (PO1, PO2 and
PO3) and three different times of exposition for the samples to the test system (24, 48 and 72h). The
water harvesting was performed according to CETESB (2011) protocol and the A. cepa test was carried
out according to War and Sousa (2002) protocol, both with some modifications. The analyzed parameters
were mitotic index (MI), chromosomal aberrations (CA) and micronucleus (MN). All the assays were
compared to the negative (NC) and positive (PC) control. In order to evaluate the quality of the collected
samples, it was also conducted physico-chemical tests. Statistical analysis was performed using ANOVA
followed by Tukey test (p≤0.05). The results showed a significant increasing of MI to PO1 samples in all
exposure times as compared to NC. The PO2 and PO3 samples also exhibited differences compared
to NC, mainly for 48hrs and 72hrs. For some samples, MI values were so high that were comparable
to the PC results. IM increased values suggest the sample´s interference for the cell cycle of exposed
cells, given by cell proliferation, which in mammals, may represent a possible potential for carcinogenic
effects. Regarding to the CA parameters, an increased number of bridges breaks, chromosomal loses
and delays were observed for all treatments. Although it was not observed micronuclei at any treatment,
such numerous cromosomic aberrations indicate mutagenic potential of all samples. No cytotoxic effect
was observed for any sample. Regarding to the physicochemical parameters, it was detected a decrease
in dissolved oxygen concentrations and an increase level of iron, in disagreement with the standard
parameters of Brazilian legislation. Taken together, the results indicate the absence of cytotoxicity, but
a strong genotoxic and mutagenic effect of Parnaíba river surface waters, mainly to the PO1 harvesting
point, suggesting an intense cell proliferation.
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Brazilian native plants have been used for decades by pharmaceutical companies to develop commercial
products. These companies are represented by small laboratories that evaluate their products on the
basis of traditional formulas like João da Costa and Associations © (JCA). JCA is a herbal medicine
commercialized for at least 37 years in Brazil to treat dysmenorrhea, gynecological conditions and/or
inflammations. The commercial formula is prepared by decoction of the five plants, Chondrodendron
platiphyllum Miers, Plumeria lancifolia Muller, Rosmarinus officinalis Linné Gossypium herbaceum Linné
e Enchiste peltata Vell, which have numerous pharmacologically active properties. The presented study
aimed to evaluate the possible cytotoxic effects of JCA and its ethanol extracts in HepG3/C3A cell line
(human hepatoma cells) using MTT cytotoxicity assay to determine mitochondrial activity and cell viability.
For this test, cells were plated in 96-well plates at a density of 104 cells/well for 24 and 48 h. All tests were
treated with different concentrations [1, 2, 4, 20 and 40 μL / mL] of commercial preparation and its ethanol
extracts. The experiments were carried out in triplicate and experimental data was submitted to statistical
analysis of variance, followed by Dunnett’s test (α=0.05). The results indicated that the herbal medicine
and its ethanolic extract, were not cytotoxic at the level of mitochondrial activity, since there was no
statistically significant difference for the absorbance between the control and treatment groups. Further
studies should be developed with this medicine and its ethanolic extract to ensure its consumption in a
safe way.
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The Araçá stream, one of the main of Canoas city, has been used as sewage destination without treatment,
carrying with it enormous amount of solid waste and various pollutants such as domestic sewage, industrial,
agricultural and animal waste. With this high degree of contamination, the Araçá stream release its waters
into the Garças stream, modifying the water quality that supplies Canoas and Alvorada cities, Rio Grande
do Sul (RS). Thus, the objective of this study was to evaluate the citogenotoxicity of water samples of the
Araçá stream exposed to urban effluent discharges by Allium cepa test. Water samples were collected
in April 2015. The places sampled were: (1) Point 1: downstream of the Araçá stream source (2) Point 2:
downstream of the city’s hospital (3) Point 3: downstream of the BR116 road. Then, A. cepa seeds were
exposed to different concentrations of samples (25%, 50% and 100% v/v). The negative control was well
water (Canoas/RS) and the positive control was copper sulfate solution (0.0012 g/L). Metals and physical
and chemical analysis were also realized. 500 cells were counted per slide for a total of 5000 cells per
sample. The parameter to evaluate the mutagenic effect was the micronuclei frequency. Cytotoxic activity
of the samples was analyzed from the mitotic index and germination frequency. In relation to results, no
statistical difference in the germination frequency was found, however in the mitotic index, exposure to
sites 1, 2 e 3 samples increased the cell division (25 and 50 % v/v). In the same way, all samples showed
micronucleus frequency higher when compared to negative control: in points 1 and 2 the mutagenic
effect was observed in 25 and 50 % v/v, while in point 3, micronucleus frequency increased in 50 to 100%
v/v. Regarding physical and chemical analysis, only biochemical oxygen demand points were above
the reference value in all points. Increased concentrations of metals such as aluminum (Al), silicon (Si),
titanium (Ti), manganese (Mn), iron (Fe) and copper (Cu) were found in samples of point 1 and 2 when
compared to point 3 sample. Thus, the Araçá stream waters collected the three points showed potential
genotoxic and mutagenic to A. cepa system, possibly due to the presence of substances and materials
derived of pollutants from urban pollution.
Financial support: CNPq
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The aquatic environment, in highly industrialized and populated regions frequently receives different
kinds of discharges from industrial, domestic, or agricultural sources, which can contain compounds with
mutagenic activity. This study aimed to investigate the mutagenic activity of organic extracts from raw
waters, using the Cytokinesis-block micronucleus assay (CBMN) with Chinese hamster lung V79 cells,
and to verify its application in water quality monitoring programs. Organic extracts of raw water from
23 collection sites within different river basins of Sao Paulo State, Brazil, were collected at least three
times during one year. After collection, volumes of 3L of water were extracted using SPE-DEX 4790®
automated extraction system with acetone, ethyl acetate and 1% NH4OH in methanol as solvents. For
the micronucleus test, 2.104 cells were seeded and treated without metabolic activation. The extracts
were dissolved in dimethylsulfoxide (DMSO) and tested in concentrations of 6.25, 12.5, 25, and 50mg/
mL equivalent of water. Negative controls were carried out using DMSO and Ethyl methanesulfonate was
used as positive control. Two thousand cells were analyzed for each concentration and controls. The
Dunnett’s test was used to compare statistical significance of differences between treated and control
cell cultures (p<0.05). Results were considered positive when at least one of the test concentrations
exhibited a statistically significant increase compared with the concurrent negative control and a 1.5 fold
effect increase when compared to the negative control. Twenty-one of the 74 samples analyzed fulfilled
the positive criteria making up 28% of mutagenic samples. The fold induction ranged between 1.5 -12.9.
Fourteen samples did not present significant statistical differences with the negative control but the fold
induction was equal to or higher than 1.5. Our preliminary results suggest that the CBMN can be a good
strategy to investigate the mutagenic potential of water samples.
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The occurrence in recent decades of a gradual increase in cancer cases has reinforced the importance of
studying products that prevent the development of this disease. The program “Biota/FAPESP” has as one
of its objectives to search for phytotherapics, medicines obtained from parts of a plant or the plant itself, that
have been an alternative for the treatment of chronic diseases. The compound brachydin A was extracted
from the roots of the species Arrabidaea brachypoda (DC) Bureau and is popularly known as “cervejinhado-campo”. The traditional use of teas prepared from roots of this plant for the treatment of kidney stone
and arthritis is already known. Brachydin A was evaluated for its possible cytotoxic (MTT, neutral red and
apoptosis/necrosis assays), antiproliferative (cell counting and total protein amount) and oxidant (using
CM-H2DCFDA indicator in oxidative stress assay) activities in normal (PNT2) and tumor (PC3) prostate
cell lines in order to assess if brachydin A presents some selectivity. Nine concentrations of brachydin
A (0.24 to 30.72 μM) were chosen based on previous studies of our laboratory and were evaluated in
the cellular viability assays. The four highest concentrations (6.00 to 30.72 μM) were cytotoxic in the
neutral red assay for both cell lines, but more cytotoxic in tumor cells. By the MTT assay, only the highest
concentration was cytotoxic for the normal cells, while the concentrations of 15.36, 24.00 and 30.72 μM
showed cytotoxicity to tumor cells. Four concentrations (0.96, 1.50, 3.84 and 6,00 μM) were evaluated
in the subsequent assays. No antiproliferative effect was observed by the cell proliferation curves, but it
was possible to notice different proliferative rate among normal and tumor cells. The concentration of 6.00
μM induced the production of reactive species only in tumor cells and induced necrosis in both cellular
types. The results obtained allow us to state that brachydin A showed selectivity for tumor cells in the MTT
and oxidative stress assays. However, this selectivity was not observed in protein curve and apoptosis/
necrosis assays, indicating the need of further investigations before recommending this flavonoid for
human use. The results of this research are important to verify the security of traditional teas and maybe,
in future, produce medicines based on this compound.
Suporte Financeiro: Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) – Proc.
No. 125796/2016-1, CNPq/PIBIC
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Licochalcone A (LCA) is an important chalcone isolated from the root of Chinese licorice, Glycyrrhiza
inflata Batalin. The literature reports that LCA has antitumor, anti-angiogenic, antiparasitic, antioxidant,
antibacterial, anti-inflammatory and osteogenic activities. In view of the various biological properties
presented by chalcone, the present study aimed to evaluate its effect on the DNA damage induced by
the mutagen doxorubicin by the micronucleus test in Chinese hamster ovary fibroblasts (CHO). The cell
cultures were treated with three different concentrations of LCA (0.625, 1.25 and 2.5 μg/mL) combined with
doxorubicin (DXR, 0.5 μg/mL). Negative (untreated), positive (DXR) and solvent (dimethylsulfoxide,1%
DMSO) control groups and LCA (2.5 µg/mL) group were also included. The frequency of micronuclei was
obtained from in 3,000 binucleated cells analyzed per treatment group. The cytotoxicity of the treatments
was also evaluated using the nuclear division index (NDI), being 1,500 cells counted per treatment.
The results showed that the cell cultures treated with LCA demonstrated frequency of micronuclei that
did not differ significantly from that of the negative control, indicating absence of genotoxicity at this
concentration. The cell cultures treated with the lowest concentration of LCA (0.625 μg/mL) associated
with DXR demonstrated a significant decrease in micronucleus frequency when compared to those treated
with DXR. No significant differences were observed between the treatment groups and the negative
control group, revealing absence of cytotoxicity. Thus, under the experimental conditions used, LCA
showed a chemopreventive action.
Financial support: São Paulo Research Foundation (FAPESP; grant # 2016/22863-9).
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Solar ultraviolet B radiation (UVB) is an important environmental stressor for amphibians due to its
genotoxicity. However, there is an absence of works focused on the effects of UVB radiation on tadpoles’
feeding performance. In this work, we investigated the effects of a low environmental-simulated UVB dose
on food consumption of tadpoles of the forest specialist Hypsiboas curupi [Hylidae, Anura] species. After
UVB treatment tadpoles were divided and exposed to a visible light source or kept in the dark, in order to
verify the efficiency of DNA repair performed by photolyases and nucleotide excision repair, respectively.
The body mass, the amount of food in the guts and the micronuclei frequency in blood cells of tadpoles
were verified in both conditions. Our results clearly show that the body weight decrease induced by UVB
radiation occurs due to the reduction of tadpoles’ food consumption. This behavior is directly correlated
with the genotoxic impact of UVB light, since the micronuclei frequency significantly increased after
treatments. Surprisingly, the results indicate that photoreactivation treatment was inefficient to restore the
food consumption activity and body weight values, suggesting a low efficacy of photolyases enzymes in
this species. Nonetheless, we also performed in silico analyses of photolyases family genes (photolyases
and cryptochromes). However, only the Xenopus laevis and X. tropicalis genomes are available on
GenBank (NCBI); thus our searches were performed with the bait “PHOTOLYASE+XENOPUS” to obtain
the coding sequences of photolyases family genes. All obtained sequences were aligned with MEGA7
using MUSCLE and one sequence of each gene was chosen to be translated in amino acid sequence to
perform both blastn and blastp. Two photolyases genes (CPD Phr and (6-4) Phr) and four cryptochrome
genes (Cry1, Cry2, Cry4 and Cry-DASH) were found in Xenopus sp. There is a high homology among
nucleotide sequence and protein domain architecture of all the cryptochrome genes with the (6-4) Phr, but
not with CPD Phr. On the other hand, the domains of Xenopus CPD photolyase protein are conserved in
other clades. Then, primers were designed for the conserved domains of both CPD and (6-4) Phr genes
in order to evaluate its expression in H. curupi after UV exposure. Therefore, we hope understand if this
endangered and highly UV-sensitive amphibian species is a forest restricted species due to inefficiency
of the DNA photorepair.
Financial support: CNPq (proc. 441407/2014-5).

97

XII CONGRESSO da MutaGen-Brasil - 2017
MA 13
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Ocotea duckei Vattimo is a plant belonging to the Lauraceae family commonly called as “louro-decheiro”, which is distributed in the Brazilian Northeast. In the search for new anti-leishmania products, O.
duckei is considered a promising lignan-based drug that targets Leishmaniasis. A purified fraction (lignan
fraction) from O. duckei, highly lipophilic and rich in yangambin lignin and its epimer, epi-yangambin,
have demonstrated promising activity against Leishmania amazonensis and L. chagasi. Considering the
pharmacological potential, this study aimed to evaluate the genotoxicity of lignan fraction (LF) of O. duckei,
as well as solid lipid nanoparticles containing the fraction (LF-SLN). In this sense, the micronucleus test in
Swiss mice peripheral blood was employed. In addition, the cytotoxicity of the treatments was analyzed
by the ratio between polychromatic erythrocytes and total red cells. The animals were treated with 500,
1000 and 2000 mg/kg b.w. of LF or LF-SLN. The results showed that animals treated with LF or LFSLN presented frequencies of micronucleus that did not differ significantly from those of the negative
control group. No significant difference was observed in the percentage of polychromatic erythrocytes in
relation to the total red cells between the different treatments. Therefore, LF and LF-SLN did not showed
genotoxic and cytotoxic effects, under the experimental conditions used. These results contribute to the
development of a safe and non-toxic lignan-based nanomedicine for the Leishmaniasis treatment.
Financial support: Apis Flora Indl. Coml. Ltda. and Fapesp.
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Several species of the genus Pouteria have been used in folk medicine in the treatment of inflammation,
fever, skin rashes, ulcers, diabetes, diarrhea, nausea, among others. Extracts of medicinal plants of
this genus are being studied in order to ensure the safe use and effectiveness of these plants, and to
investigate possible new biological activities. Thus, this study evaluated the Pouteria ramiflora extract for
antiproliferative activity and induction of cell death in human hepatocellular carcinoma line (HepG2) in
order to verify the safety of its use and assess if its association with cisplatin interfere in proliferation and
cell death process. To assess the antiproliferative effect we used the immunocytochemistry technique,
while cell death induction was investigated by apoptosis/necrosis triple staining assay. The results
demonstrated that P. ramiflora extract at different concentrations (0.5, 1.0 and 2.0 µg/ml) did not present
antiproliferative effect and induced cell death by apoptosis in concentration of 2.0 µg/mL. The association
of the extract in concentration of 1.0 µg/ml to cisplatin potentiated its anti-proliferative effect in pretreatment protocol decreasing the number of cells stained with anti-cyclin D1 antibody (cells in G1 phase)
and increasing cells marked with anti-PCNA antibody (cells in G2 phase). Also was observed potentiation
of cytotoxic cisplatin effect in simultaneous and pre-treatment with increase apoptotic cell death. These
results demonstrate that P. ramiflora extract should be used with caution for therapeutic purpose and
encourage further studies that can prove its use as an adjuvant in liver cancer treatment.
Financial Support: CAPES/DS, Biota/São Paulo Research Foundation (FAPESP) – Process nº
2009/52237-9.
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Medicinal plants are popularly used as a therapeutic alternative worldwide, therefore, studies on the
toxicological safety of administrations are required. Also in the field of toxicological genetics, the increase
in cancer mortality requires further research on chemoprevention to be performed in order to identify
agents that are capable of preventing or inhibiting carcinogens. St. John’s Wort, Hypericumperforatum,
is a medicinal plant used in the antidepressant treatment being the hipericin, one of the constituents that
contributes to this effect. St. John’s wort has anti-inflammatory, antiviral and antidepressant activity already
recognized and, given its wide action on the nervous system and its use in the treatment of depression,
its consumption has increased in several countries in recent years. Synthetic hypericinhas been studied
as a possibility for elaboration of new drugs, however, results on its toxicological safety are scarce.
The literature data indicate the induction of apoptosis or necrosis in tumor cells. Since the biological
activities presented by the extract and hypericin may have relevant clinical applications, it is important to
evaluate its effect on the genetic material as well as its influence on genomic and chromosomal lesions
induced by mutagens. In this sense, the objective of the present study is to perform the toxicogenic
evaluation of hypericin. For this purpose, cytotoxicity, genotoxicity and interaction with the MMS (methyl
methanesulfonate) and DXR (doxorubicin) mutants will be performed on V79 cells (Chinese hamster
lung fibroblasts). Cytotoxicity will be assessed by the XTT colorimetric assay and the micronucleus test
will be used for evaluation of the genotoxicity and modulating effect of DNA damage. The results showed
that the hipericin was cytotoxic at concentrations above 156μg/mL. The concentration of 240 μg / mL
demonstrated citotoxicity and genotoxicity, while at the lowest concentrations tested, combined with
the mutagens, the hypericin showed protective effect.Considering the potential use of hypericin, these
studies should contribute to a better understanding of their biological activities.
Financial support: University of Franca
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The history of anticancer drugs is closely related to natural products, and more than 60% of the
medicines used have in some instance their origin related to a natural source. Thus, the usnic acid
(UA) is a substance of natural origin from the secondary metabolism of several lichens. This compound
presents wide biological activities as antitumoral, antiproliferative, anti-inflammatory, analgesic, antibiotic,
antiviral, antifungal, antiprotozoal and antihistaminic. Therefore, the objective of this work was to evaluate
the antigenotoxic effect of UA on DNA damage induced by the mutagenic doxorubicin (DXR). Thus,
the micronucleus test was used in Chinese hamster ovary fibroblast cells (CHO cells). Therefore, the
concentrations of UA evaluated were 30, 15, 7.5 e 3.75 µg/mL. Then the microscopic slides were analyzed
by light microscope with the objective of to detect the micronucleus frequency in the cells submitted to
the different treatments and respective controls. For each culture, 1,000 binucleate cells (a total of 3,000
cells per treatment) were counted and distributed according to the amount of micronucleus containing 0,
1, 2, 3 or more micronucleus. All treatment tested didn`t show cytotoxicity. The concentrations of 15 and
7,5 µg / mL of UA alone showed absence of genotoxicity, but the concentration of 30 mg / mL showed
genotoxicity (p< 0.05). Therefore, the AU treatment groups (7.5 and 3.75 µg / mL) associated with DXR
presented a significant difference of micronucleus compared to the DXR positive control group (p< 0.01),
therefore the concentration of 15 µg / mL wasn’t antigenotoxic. In conclusion, AU display antigenotoxic
effect on DNA damage induced by DXR in CHO cells.
Financial Support: São Paulo Research Foundation (FAPESP; grant # 2016/23145-2).
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Solar ultraviolet (UV) radiation is a genotoxic environmental agent that affects all living beings on
Earth. Each waveband of terrestrial solar UV radiation, ultraviolet B (UVB) and ultraviolet A (UVA), is
characterized by the induction of different types of DNA damage. Thus, biological sensors, such as the
DNA dosimeter, are required to assess the biological damage induced by sunlight. The objective of this
work was to characterize the genotoxic potential of sunlight in the city of Santa Maria/RS, Brazil (29º
41’ 03” S 53º 48’ 25” W) at different seasons of the year. Samples of plasmid DNA were exposed to
sunlight at 10:00 a.m. to 4:00 p.m. through the use of DNA dosimeter. The exposed DNA samples were
treated with the enzymes T4 bacteriophage endonuclease V (T4-endo V) that recognizes and cleaves
cyclobutane pyrimide dimers (CPD); Formamidopyrimidine-DNA glycosylase (Fpg) that recognizes and
cleaves oxidized purines bases; and Endonuclease III (Endo III) that releases damaged pyrimidines from
double-stranded DNA, generating abasic sites. The use of these different DNA repair enzymes allows
a wide qualification and quantification of the genotoxic impact induced by sunlight. In parallel to the
exposures of DNA dosimeter, specific UVB and UVA radiometers installed at the Photobiology Laboratory
at the UFSM are continuously measuring the daily incidence of UVB and UVA wavelengths in this city.
These equipments have been measuring solar UV radiation at this location for five years, and we also
analyzed this database to present the profile of UVB and UVA incidence in this work. The results indicate
that UVB incidence changes dramatically with seasons of the year, while UVA is more stable. In addition,
cloudiness has also an important impact in the incidence of solar UV radiation. The exposures of DNA
dosimeter indicate that the formation of CPDs is high during the peak of UVB incidence. However, the high
UVA doses are also important for the induction of oxidized DNA bases. Therefore, the characterization of
the genotoxic potential of sunlight at a specific location may help to make decisions in order to elaborate
programs to protect people against the harmful effects of solar UV radiation. In addition, monitoring data
of UVB and UVA radiation incidence can be used as a tool to alert the population about sun exposure in
periods with increased UV radiation.
Financial support: CNPq.
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PHYTOL: ACUTE TOXICITY AND GENOTOXIC ACTIVITY IN NON-PREGNANT WISTAR
FEMALE RATS
Alencar MVOB1, Islam MT1, Paz MFCJ1, Gomes Júnior AL1, Machado KC1, Sousa JMC1 and
Cavalcante AACM1
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Phytol, a chlorophyll-derived diterpenoid is already proven for many important biological activities.
However, toxicogenomic status remains behind the spotlight. This study aims toxicological investigation
of phytol in rats emphasizing on the DNA damage and repair capacity through comet assay. For this,
non-pregnant Wistar albino rats were acutely treated with phytol at doses of 300 and 2000 mg/kg and
were observed for 14 days. During the observation period, we performed for Hippocratic analysis, daily
ration (body weight, food and water consumption, urination and defecation), and neuropharmacological
behavior. Additionally, toxicogenomic, hematological, biochemical, histopathological, and urine analysis
was also done. The results suggest that, no death was observed with an acute administration of PHY
at 300 and 2000 mg/kg. Therefore, for rats the LD50 may be above 2000 mg/kg. A reduction in food
and water consumption was observed. Phytol dose-dependently caused an increase in body mass and
organ weight in comparison to the control group. Minor changes in hematological, biochemical and urine
analysis parameters were also observed with an unchanged histopathological profile in phytol-treated
animals. Phytol dose-dependently reduced serum glucose and total cholesterol levels. A day-wise dosedependent reduction in behavioral and motor coordination was also along with the genotoxic effects in
bonne marrow and peripheral blood cells in the phytol-treated groups, without DNA repair evidences
during treatment. In conclusion, phytol is toxic and genotoxic at high dose in non-pregnant female rats.
Financial support: National Council for Scientific and Technological Development (CNPq)
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TOXICOLOGICAL AND GENOTOXIC POTENTIAL OF REPEATED-DOSE PHYTOL
ORALLY ADMINISTERED IN WISTAR RATS
Alencar MVOB1, Islam MT1, Paz MFCJ1, Gomes Júnior AL1, Machado KC1, Sousa JMC1 and
Cavalcante AACM1
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Phytol, the chlorophyll-derived diterpenoid is evident for many important biological activities. However,
the scientific evidences on its toxicological status are very limited. This study aimed to evaluate the
toxicological and genotoxic status of phytol in non-pregnant female Wistar albino rats. For this, rats
were treated (orally) with phytol at doses of 30, 60 and 90 mg/kg in a repeated-dose manner for 28
days. During the observation period, Hippocratic analysis, daily ration (body weight, food and water
consumption, urination and defecation), and neuropharmacological behavior were observed. Additionally,
hematological, biochemical, histopathological, urine analysis and genotoxicity were also done. The
results suggest that, phytol did not caused death of the experimental animals with the repeated dose.
In comparison to the vehicle group, a reduction in food and water consumption, body mass and organ
weights, behavioral and motor coordination capabilities was observed in a dose and time-dependent
manner. No significant changes were observed in the hematological parameters. However, phytol induces
an increase (p<0.05) in serum glucose, urea, ALT, AST as well as proteinuria in a dose-dependent manner
in the animals. Dose-dependently phytol also augmented the frequency and index of damage in the
peripheral blood lymphocytes, bone marrow, liver and kidney cells in the rats. In conclusion, the orally
administered repeated-dose of phytol exerted a dose and time dependent toxicity and genotoxicity in the
experimental animals.
Financial support: National Council for Scientific and Technological Development (CNPq)

104

XII CONGRESSO da MutaGen-Brasil - 2017
MA 20

IN VITRO EVALUATION OF THE CYTOTOXIC POTENTIAL OF STEROID
OXYMETHOLONE IN CULTURE OF TUMOR HEPATIC CELLS (HepG2/C3A)
Godoy MAF1*, Heck MC1, Yoshimoto M1, Hernandes EP1 and Vicentini VEP1
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Anabolic androgenic steroids are responsible for maintaining male sexual characteristics and the anabolic
activity of somatic tissues. Synthetic steroids have therapeutic application, being used in testosterone
deficiency, certain types of anemias, among other applications, besides the indiscriminate use to obtain
muscle mass. Oxymetholone is one of the most widely used oral anabolic agents, it is marketed in Brazil
as Hemogenin® and indicated for the treatment of anemia caused by deficient erythrocyte production.
However, it is extremely hepatotoxic. Based on the data presented, this work aimed to evaluate the
cytotoxic potential of the compound Oxymetholone, through the MTT cytotoxicity assay using HepG2/
C3A human hepatoma cells. In this assay, a suspension of 104 cells/well was seeded into 96-well cell
culture dishes. In each plate, the evaluated groups were: the cytotoxic agent, Doxorubicin (DOX) 18μM;
the control, DMEM culture medium supplemented with fetal bovine serum (10%); and the concentrations
of 10, 50, 100, 500 and 1000 ng/mL of Oxymetholone. After treatment, the plates were incubated for 24,
48 and 72 hours, and at the end of each period, the treatments were replaced by culture medium with MTT
at the concentration of 0,15 mg/mL. The cells were incubated for 4 hours, then the MTT was discarded
and dimethylsulfoxide (DMSO) was added to dilute the formazan crystals. The absorbance reading was
performed on a microplate reader at 550nm. Three independent experiments were performed and the
absorbance results were submitted to analysis of variance (ANOVA), followed by the Tukey test (α=0.05).
Statistical results showed that the absorbance values of all compound concentrations were similar
to the control. However, DOX showed a decrease in absorbance due to its cytotoxic action (p<0.05),
confirming the responsiveness of HepG2/C3A cells in this assay. In addition, treatment with a DOX
exhibited substantial decrease in cell viability with the exposure time of 24, 48 and 72 hours, with 84%,
55% and 34%, respectively, whereas all treatments with Oxymetholone had percentages higher than
95%, demonstrating that treatments with the compound did not significantly interfere with cell viability.
Therefore, despite the known hepatotoxic action of Oxymetholone, the test results demonstrated that
this compound, at the concentrations evaluated, has no cytotoxic action on HepG2/C3A tumor liver cells.
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RADIOPROTECTIVE EFFECT OF DARK CHOCOLATE AND EPICATECHIN FLAVONOID
AGAINST RADIOPHARMACEUTICAL IODINE-131 IN HEPG2/C3A CELLS
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Cocoa, Theobroma cacao L., is a food rich in polyphenols with potent antioxidant action, as epicatechin
flavonoid. Cocoa is well-known for its popular by-product, the chocolate. The radioprotective agents are
generally antioxidant compounds that have the ability of protect the living tissues against ionizing radiation
action. The radioisotope Iodine-131 (I-131) is an issuer of beta and gamma radiation, which can interact
directly or indirectly on cellular components. I-131 is used for the diagnosis and treatment of several
disorders. The aim of the present study was to evaluate the radioprotective effects of dark chocolate
(Ch) and epicatechin (Epi) against the damage that is radioinduced by I-131 in human hepatoma HepG2/
C3A cells by the Comet Assay. 106 cells were seeded into 25cm2 culture flask, in DMEM culture medium
supplemented with 10% fetal bovine serum, and after 24 hours received treatments for 3 hours: 1) Control
(0,2% DMSO in DMEM); 2) I-131 (10µCi); 3) Ch (1µg/mL); 4) Epi (10µM); 5) I-131+Ch (10µC+1µg/
mL) and 6) I-131+Epi (10µCi+10µM). The experiments were carried out in triplicate and 300 cells per
treatment were analysed and the experimental data were submitted to statistical analysis of variance
(ANOVA) followed by Tukey’s test (α = 0.05). The results have demonstrated the genotoxic action of the
I-131. The treatments with dark chocolate and epicatechin, without I-131, did not have genotoxic effects.
The treatments with the associations of dark chocolate and epicatechin with I-131 presented results
statistically different from those that were obtained for the control groups and for the respective treatments
without I-131. However, these indexes were significantly lower when compared to the damage that was
obtained in the treatment only with I-131, indicating protective effects. These results must surely be
related to the strong antioxidant activities of these compounds when they protected the cell constituents
from the actions of the free radicals and the direct actions of the radiation that was emitted by I-131.
Financial Support: Capes
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MUTAGENIC EFFECT OF SODIUM DODECYL SULFATE ON Poecilia Vivipara
Penha LCC1, Castro MS1, Boaes, DB1, Jorge, MB1 and Luvizotto-Santos R1
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The aquatic environments have been deposit of different types of anthropogenic discards of origin with
pollutants of several sources. Some of these substances are potentially toxic and their presence can
seriously degrade the environment and cause damage to organisms. Among them we can mention
sodium dodecyl sulfate (DSS), an anionic surfactant, which stands out for being used as an emulsifier
in products such as cosmetics, personal hygiene and cleaning products. Some studies with DSS have
already revealed behavioral, reproductive and DNA problems in fish exposed to acute concentrations.
Biomarkers are used to assess the effects of toxic agents on organisms, which are any change in the
biological response of an organism to a substance or element in the environment. As an example of
biomarker, we can mention the nuclear anomalies (lobed, fragments cell, binucleated cell and notched)
and the analysis of micronuclei being this fragments of chromosomes or whole chromosomes that do
not migrate to the main nucleus during the cellular division. However, there are no studies about the
effect of chronic exposure on fish as well as their mutagenic damage at low concentrations over an
extended period of time. The species chosen as test organism was the fish of the species Poecilia
vivipara, an organism with growing studies as an ecotoxicological model. Thus, the objective of this work
is to evaluate the mutagenic effects of sodium dodecyl sulfate (DSS) on P. vivipara. The organisms were
collected and after the acclimation period they were chronically exposed for 3 months to 2 treatments
with DSS (0.3 and 0.6 mg / L). After exposure, the anesthetized organisms had the blood collected for the
preparation of the slides according to the technique of piscic micronucleus of Hooftman & Raat (1982),
already for the analysis of the nuclear anomalies and micronucleus was used the technique of Barsiené
et al. (2006). The results for the nuclear anomalies, both treatments were significantly different from the
control (p = 0.01) for all anomalies. An increase in the mean frequency of the fragmented cells type was
observed, followed by budding, micronucleus, bilobate and binucleate at both concentrations of DSS
exposure. Therefore, we can include DSS in the list of substances capable of causing nuclear anomalies
even in chronic concentrations.
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INVESTIGATION OF THE CHEMOPROTECTIVE POTENTIAL OF NATURAL ANXIOLYTICS
(C. CITRATUS, L. ALBA E M. OFFICINALIS) IN ANIMALS WITH EHRLICH TUMOR.
Pereira PCM1, Pereira MCM1, Yonashiro MM1, Peruquetti RL1 and Bellini MF1
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The use of products derived from flora for therapeutic purposes has been increasing a lot, mostly given
to the easy access at them. Among of these are Cymbopogon citratus (CC), Melissa officinalis (MO)
and Lipia Alba (LA); lemon grass species very used in popular medicine for treatment of nervousness,
anxiety and gastric problems. However, despite of the some studies, researches about the potential of
these natural anxiolytics in tumor cells are still scarce; therefore, the goal of this work was evaluate the
chemoprotective potential of ethanolics (EE) and methanolics (EM) extracts of CC, MO and LA in mice
with Ehrlich Tumor (TE). 80 males Swiss mice with 72 days old, treated with 100 mg/kg/day of extracts,
during 14 consecutive days, divided into groups: 1) CNS (healthy+ dH2O); 2) CNT (TE+dH2O); 3)
TE+EECC; 4) TE+EMCC; 5) TE+EEMO; 6) TE+EEMO; 7) TE+EELA; 8) TE+EMLA. 10³ TE cells were
inoculated on 7th experimental day. The micronucleus (MN) test on bone marrow, Blood and Comet test
(SCGE) were performed on tumors cells and Blood leukocytes. The results achieved in MNMO test
suggest that LA extracts do not interfere in medullary function in tumor response, as they presented MNs
frequency similar to CNT. The CC and MO extracts decreased micronucleus induction by tumor action,
may be indicative of antimutagenic agents. In peripheral blood, it was observed that the mutagenic tumor
activity decreased in CC extracts, by the reduction of MN frequency, affirming its protective action, while
the MO extracts do not interfere in this action and the LA extracts potentialize the damage-inducing
action on these cells. The results obtained in the SCGE test showed of the CC extracts do not induced
the tumors cells to apoptosis. In the MO and LA extracts, they presented a high average frequency of
damaged cells, suggesting that theses extracts present a harmful activity against tumors cells DNA. In
peripheral blood material, was possible identify an increase in the damages induction for the MO and
LA extracts too, seeing that the CC extracts do not differs from the control group. In conclusion, it is
suggested careful when using MO and LA extracts, because those extracts induce damages in both cells
(tumoral and healthy); althought CC extracts can be indicated as antimutagenic agents.
Financial support: FAPESP- Fundação de Amparo à Pesquisa do Estado de São Paulo and CNPqConselho Nacional de Desenvolvimento Científico e Tecnológico.
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ANTIPROLIFERATIVE ACTIVITY AND SELECTIVE GENOTOCIXITY OF A
NANOFORMULATION CONTAINING THE NATURAL DITERPENE POLYALTHIC ACID
Cintra PP1, Chibás LC1, Moreira M1, Goulart MO1, Ambrosio SR1, Veneziani RCS1, Santos Ra1
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The aim of this work was to determine the antiproliferative activity of the natural diterpene (-)-polyalthic
acid (PA) incorporated in polymeric nanoparticles, using tumor (MCF-7) and normal (MCF-10A) breast
cell lines. The nanoparticles were obtained by the nanoprecipitation method, using poly (lactic-co-glycolic
acid) as the main material. Physical-chemical characterization revealed nanoparticles with semispherical
morphology, low polydispersity index and negative surface charge. The size was less than 100 nm and
the encapsulation efficiency was more than 98%. The release profile was characterized by an initial
burst followed by a constant release rate. Treatments with PA nanoformulation reduced cell proliferation
more efficiently than free PA and the effect was selective on MCF-7 cells. Cell cycle analyses showed an
accumulation of these cells in the G1 phase of the cell cycle, probably caused by DNA damage. Comet
assay confirmed the occurrence of selective DNA damage on the tumor cell line. Our results show that PA
incorporated in nanoparticles has potential to be considered as a selective cytostatic agent to treat breast
cancer, acting through the induction of selective DNA damage.
Financial Support: FAPESP (2011/13630-7); CAPES; UNIFRAN
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MUTAGENIC POTENTIAL OF NICKEL OXIDE NANOPARTICLES IN SOMATIC CELLS OF
Drosophila melanogaster
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Nanotechnology has as basic principle that involves the synthesis, modification and manipulation of
nanoparticles, that is, all the material that has size smaller than 100 nanometers. Nanoparticles (NPs) of
nickel oxide (NiO) have wide industrial applicability, being used in different products, such as batteries,
paints, fuels and magnetic sensors. Inhalation is the main route of exposure to NiO NPs, but can also be
ingested or absorbed through the skin. In this sense, considering the lack of studies regarding the genotoxic
action of NPs in vivo, this work evaluated the mutagenic and recombinagenic activity of NiO NPs in the
SMART test (Somatic Mutation and Recombination Test) in Drosophila melanogaster. SMART is used
to detect genetic events, such as point and chromosomal mutations, as well as somatic recombination
that can lead to heterozygous loss of specific marker genes that determine the phenotypic expression
of hairs on D. melanogaster wings. The NiO NPs used for the test were synthesized in the Laboratory
of Nanostructured Materials of UNIPAMPA. In this test we used the Standard (ST) cross and High
bioactivation (HB) cross. The individuals of ST cross have basal levels of CYP-450 group metabolizing
enzymes; the individuals of HB cross have increased levels of CYP-450 enzymes, being more sensitive
to the detection of indirect action genotoxins. Negative (distilled water) and positive (urethane 20 mM)
controls were included in both experiments. For each concentration and cross, around 50 individuals had
their wings analyzed by optical microscopy. The results of genotoxicity assessments point to a significant
increase in the induction of mutant clones in fly wings exposed to concentrations of 1.31; 2.62; 5.25; 10.5
and 21 mg / mL in ST cross and only in the concentration of 21 mg / mL in HB cross, when compared
with the negative control. The data of this work indicate that these NPs are genotoxic in somatic cells of
D. melanogaster. The analysis of balancer heterozygous individuals revealed that somatic recombination
was the main mechanism inducing lesions. These results may contribute to a better risk assessment
regarding the use of these nanoparticles.
Financial support: CNPq, Fapergs
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ASIATIC ACID DEMONSTRATES ANTIGENOTOXIC EFFECT UNDER ASIATIC
ACID DEMONSTRATES ANTIGENOTOXIC EFFECT ON DOXORUBICIN-INDUCED
CHROMOSOMAL DAMAGE IN SWISS MICE
Ozelin SD1, Silva LHD1, Rinaldi-Neto F1, Souza LDR1, Furtado RA1, Ribeiro AB1, Freitas KS1,
Cunha WR1 and Tavares DC1
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Centella asiatica is a high-disseminated plant used through centuries for therapeutic purposes, especially
by traditional Oriental medicine. Asiatic acid is an abundant triterpene that occurs in C. asiatica, and
accounts for about 30% of its total triterpenic fraction. This substance showed healing, anti-diabetic,
neuroprotective, antioxidant, cytotoxic and antitumor activities. This present work aimed to evaluate the
protective effect of asiatic acid on doxorubicin-induced chromosomal damage by the micronucleus test
using Swiss mice peripheral blood. For this purpose, each animal received two doses of acid asiatic
and doxorubicin, with a 24-hour interval between each treatment. Asiatic acid was administered by oral
gavage in the range of 5-90 mg/kg body weight (b.w), and doxorubicin (DXR) was administered by
intraperitoneal injection at 10 mg/kg b.w. Negative (water), solvent (5% DMSO) and positive (water/DXR
20 mg/kg) controls were included. The results showed reductions in micronucleus frequencies in the
animals treated with the different doses of asiatic acid and DXR, when compared to those treated with
DXR only. The protective effect was statistically significant (P<0.05) at the treatment with 30 mg/kg asiatic
acid plus DXR. In conclusion, asiatic acid showed antigenotoxic activity by reducing the micronucleus
frequency induced by doxorubicin, under the experimental conditions.
Financial support: Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) and
Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP).
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GEOSPATIAL ANALYSIS OF RESIDENTIAL PROXIMITY TO OPEN-PIT COAL MINES IN
RELATION TO PARTICULATE MATTER CONCENTRATION, ELEMENTAL ENRICHMENT
FACTORS AND MICRONUCLEUS FREQUENCIES
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Occupational exposure to coal mining residues has been associated with increase of DNA damage, but
there is a relative dearth in the literature exploring environmental exposition. We used a Geographic
Information Systems (GIS) approach and Inverse Distance Weighting (IDW) methods to perform spatial
and statistical analyses to explore whether exposure to PM2.5 and PM10 pollution, and additional factors,
including inorganic elements enrichment of particulate matter (PM), contribute to cytogenetic damage in
residents living in proximity to open-pit coal mining areas. Our results showed a spatial relationship between
exposure to elevated concentrations of PM2.5 and PM10 and micronucleus frequencies in binucleated
(MNBN) and mononucleated (MNMONO) cells. Active pits, disposal and storage areas were identified
as the main emission sources of combustion elements associated with spontaneous coal seams fires.
Mining activities were also correlated to increased concentrations of highly enriched elements like S, Cu
and Cr in the atmosphere, corroborating its role in the inorganic elements pollution of areas in proximity
to coal mines. Elements enriched in the PM2.5 fraction contributed partially to the increase of MNBN, but
seems to be more related to increased MNMONO frequencies and DNA damage accumulated in vivo.
The combined use of GIS and IDW methods could represent an important tool for monitoring potential
cancer risk associated to dynamically distributed variables like PM. Future studies are needed to further
elucidate the precision of the interpolation models obtained around coal mining areas using individuallevel exposures and cancer outcomes.

112

MODULAÇÃO DA
MUTAGENICIDADE E
NUTRIGENÔMICA
MN 01 até MN 13

XII CONGRESSO da MutaGen-Brasil - 2017
MN 01

EPIGALLOCATECHIN-3-GALLATE DECREASES THE EXPRESSION OF MATRIX
METALLOPROTEINASE-2 AND PREVENTS CELL MIGRATION FROM MULTICELLULAR
TUMOR SPHEROIDS
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Tumor microenvironment is a complex milieu that has not been properly considered in studies which use
culture of conventional monolayers cells. For this reason, alternative methods of three dimensional (3D)
cell cultures have been proposed. In cancer development, the achievement of a migratory phenotype is
an event that normally coincides with the change to a malignant stage. This is achieved by local infiltration
into the surrounding tissue, an important feature of some cancers, for example hepatocellular carcinoma.
Many studies have demonstrated the antitumor activity of epigallocatechin-3-gallate (EGCG), present in
green tea, in a conventional monolayer culture. However, there are no studies demonstrating the effects
of EGCG in a 3D cell culture. We used hepatocellular carcinoma cells (HepG2) grown as multicellular
tumor spheroids (MTS) to evaluate the effects of EGCG on growth, morphological integrity, cell migration
into Matrigel® an cell viability assessed by resazurin reduction assay in the MTS. We also used RT-qPCR
to evaluate the expression of the genes cadherin 1 (CDH1), CD44 molecule (CD44), integrin subunit beta
2 (ITGB2), and metalloproteinase-2 (MMP2), all associated with cell adhesion. After 15 days of culture,
MTS from negative control showed cellular disaggregation, whereas MTS treated with EGCG showed
reduced both growth and cell viability. ECGG (200 µM) also completely blocked the migration of MTS cells
into Matrigel® matrix. This was followed by a marked decrease in the expression of the cell adhesion gene
MMP2, which codes an enzyme capable of cleaving components of the extracellular matrix contributing
to the invasiveness and metastasization. Interestingly, when cultured as conventional monolayer, HepG2
cells did not showed alteration in the expression of MMP2, highlighting the different pattern of gene
expression in MTS as compared with monolayer culture. These results suggest that EGCG could prevent
cell migration from small non-irrigated tumors in vitro by affecting cell adhesion molecules such as MMP2,
decreasing the catalytic activity of enzymes associated with metastasis.
Financial support: São Paulo Research Foundation (FAPESP): Grants #2013/19765-7,
#2014/12262-2, #2015/14904-4; Brazilian Innovation Agency (FINEP; Grant #01.09.0447.00).
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Cancer is a disease whose common feature is disordered growth of cells holding invasive potential.
Disease of multifactorial etiology, its development is directly related to oxidative stress. Therapeutic
options fall into surgery, radiotherapy, chemotherapy and hormone therapy. Antineoplastic agents,
widely used in cancer therapy, have cytotoxic activity resulting in DNA damage. During treatment, cancer
patients use antioxidants in diet, including ascorbic acid, which has been shown modulatory effects on
genetic material front of chemotherapy. The aim of this study was to evaluate ascorbic acid effects on
oxidative and genotoxic damage induced by 5-Fluorouracil, Docetaxel and Tamoxifen in Saccharomyces
cerevisiae strains, proficient and mutated in antioxidant defenses. The results obtained indicate that
5-Fluorouracil, Docetaxel, Tamoxifen and its associations induced (p<0.001) oxidative damages in all
strains of S. cerevisiae. However, when associated with ascorbic acid, they presented modulation (p<0.05)
in different strains, both for co-treatment and post-treatment. 5-Fluorouracil, Docetaxel and Tamoxifen
induced genotoxicity (p<0.05) in SODWT strain when compared to the untreated group, observed by
increase in Index of Damage (ID) and Frequency of Damage (FD). Equivalent results were observed
for groups of 5-Fluorouracil + Docetaxel and 5-Fluorouracil + Tamoxifen. However, genotoxic damages
induced by antineoplastic and associations were modulated (p<0.05) by ascorbic acid in Docetaxel (ID
- 42.5% and FD - 39.1%), Tamoxifen (ID - 51.4% and FD - 50%), 5-Fluorouracil + Docetaxel (ID - 43.5%
and FD - 42.9%) and 5-Fluorouracil + Tamoxifen (ID - 37% and FD - 33.6%). These data suggest that
ascorbic acid had antioxidant and antigenotoxic potential against oxidative damage induced by treatment
with isolated and/or combined antineoplastic agents. Thus, we aim to perform other non-clinical and
clinical tests to elucidate the interference of ascorbic acid during cancer therapies.
Financial support: Fundação de Amparo à Pesquisa do Estado do Piauí – FAPEPI
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ANTIMUTAGENIC, ANTIGENOTOXIC AND ANTICYTOTOXIC EFFECTS OF ASCORBIC
ACID IN MODULATION OF ANTINEOPLASTIC AGENTS EFFECTS IN SARCOMA 180
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Several studies showed a significant link between ascorbic acid and cancer prevention and treatment,
but its intake during oncotherapy may interfere with the effectiveness of cytotoxic chemotherapy, one
of the principal modes of the treatment of cancer patients. This study aimed to evaluate anticytotoxic,
antigenotoxic and antimutagenic effects of ascorbic acid in DNA damage induced by Tamoxifen, Docetaxel
and 5-fluorouracil in Sarcoma 180 using comet assay and cytokinesis-block micronucleus cytome assay.
Trypan blue test indicated that antineoplastic treatment and its interactions reduced (p<0.05) cell viability
compared to untreated group. However, ascorbic acid combined with antineoplastic agents induced
modulatory effects (p<0.05) on cell viability. A significant increase (p <0.05) in nucleoplasmic buds
and bridges were observed in cells treated with isolated antineoplastic agents, but the co-treatment
with ascorbic acid reduced (p<0.05) the frequency of buds (38% to 68%) and bridges (44% to 60%).
Similarly, the treatment with combined antineoplastic agents increase (p<0.05) micronuclei, bridges and
bud’s frequency in Sarcoma 180 cells, compared to untreated group, but these cytogenetic damages
were modulated by ascorbic acid (bridges – 25% to 30% and buds – 35% to 45%). There was also an
increase (p<0.05) in apoptosis frequency induced by antineoplastic agents and an evident modulation
produced by ascorbic acid. The data indicated that ascorbic acid at the concentration of 50 μM has
anticytotoxic, antigenotoxic and antimutagenic effects. These activities of ascorbic acid in Sarcoma 180
are of importance for other studies that point out the risks of interactions between ascorbic acid and
antineoplastic for the efficacy of cancer therapies, especially during antineoplastic metabolic action in
face of many controversies about the use of antioxidants during cancer therapies.
Financial support: Fundação de Amparo à Pesquisa do Estado do Piauí – FAPEPI
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ATORVASTATIN CHEMOPREVENTIVE EFFECTS AGAINST IN VITRO EXPOSURE TO THE
ALKYLATING AGENTS METHYLMETHANE SULPHONATE AND CYCLOPHOSPHAMIDE
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Statins are classically described as 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) reductase
inhibitors and recently in our group this class of drugs had been studied as potential chemopreventive
agents against DNA damage by alkylation. Our objective was to evaluate atorvastatin (AVA) antimutagenic,
cytoprotective and antigenotoxic potential against DNA lesions caused by alkylating agents (AA). AVA
chemopreventive ability was evaluated using antimutagenicity assays (Salmonella/ microsome bacterial
reverse mutation assay), cytotoxicity assays (WST-1 for HepG2 cells) and genotoxicity assays (Micronuclei
in HepG2). The cells were co-treated with AVA and different positive AA as methyl methanesulphonate
(MMS) or Cyclophosphamide (CPA). Our datum showed that AVA reduces the alkylation-mediated DNA
damage in different in vitro experimental models. In bacterial model, AVA was more effective to prevent
MMS and CPA damage in TA1535 and TA100, presenting EC50 between 60-80 µM. Cytoprotection of AVA
at low doses (0.1-1.0 µM) was observed after 24h of co-treatment with MMS or CPA at their LC50, causing
an increase in HepG2 survival rates. After all, AVA at 10 µM and 25 µM had decrease effect in micronuclei
formation in HepG2 cells and restore partially cell cycle alterations induced by MMS and CPA. This
study supports the hypothesis that statins can be chemopreventive agents, acting as antimutagenic,
antigenotoxic and cytoprotective components, specifically against alkylating agents of DNA.
Financial support: CNPq, CAPES, FAPERJ, UNIRIO, UERJ, IOC/FIOCRUZ
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SYNEPHRINE: A SYNTHETIC EPHEDRINE DERIVATIVE USED FOR WEIGHT REDUCTION
CAUSES DNA DAMAGE IN HUMAN CELLS IN VITRO
Ribeiro DL1, Machado ART2, Machado CS1, Hernandes LC2, Aissa AF2, Burim RV2, Darin JDC2,
Knasmueller S3, Mišík M3, Barcelos GRM4 and Antunes LMG2
1.

Ribeirão Preto Medical School, University of São Paulo, Ribeirão Preto, São Paulo, Brazil.

2.

Faculty of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo, Ribeirão Preto, São
Paulo, Brazil.

3.

Institute of Cancer Research, Department of Internal Medicine I, Medical University Vienna, Vienna,
Austria.

4.

Institute of Health and Society, Federal University of São Paulo, Santos, São Paulo, Brazil.
E-mail: diegoluisribeiro@usp.br;
Keywords: Obesity; thermogenics, micronucleus, oxidative stress.

Obesity is considered one of the biggest global health problems, it increases the mortality of humans
due to its relation to diseases such as diabetes, inflammation, and cancer. The obesity in association
with absence of practice of exercises stimulates the abusive consumption of thermogenic supplements
with weight loss purposes. Thermogenic supplements marketed for weight loss contained in composition
synephrine (p-synephrine - SN), a compound structurally related to sympathomimetic amines used as
psychostimulants (ephedrine, cathinone, amphetamines). It is known that some of these drugs cause
damage in DNA which may cause adverse health effects such as cancer, however the hazard of SN is
still not clear. Therefore, we investigated in the present study the impact of SN on chromosomal stability
in cytome micronucleus (MN) assays with cells from the gastrointestinal (GI) tract; i.e. in primary gastric
cells (GAS), in a human hepatocellular carcinoma cell line (HepG2), and in a colon derived cell line (Caco2). Additionally, the possible cytotoxicity was monitored by MTT and Neutral Red, as well as quantification
of intracellular ROS (H2DCFDA), glutathione (GSH) and activities of antioxidant enzymes catalase (CAT),
superoxide dismutase (SOD) and glutathione peroxidase (GPx). Tested doses ranged between 2 and
5000 μM; Negative, solvent (HClO4 – 0,05%) and positive (MMS – 300 μM) controls were carried out in
parallel in all experiments points. No cytotoxic effects were observed in all cells lines. However, significant
increase of MN frequency was observed at concentrations ≥ 20 µM in GAS cells. Moreover, SN was able
to induce disturbances of biochemical parameters related to redox status of the cells: in quantification
of ROS (H2DCFDA), 200 μM induced oxidative stress in HepG2 and Caco-2 cells. SN in concentrations
of 20 and 200 μM increased the GSH levels in HepG2, GAS and Caco-2 cells. For CAT, SN significantly
decreased the enzymatic levels in concentrations of 2, 20 and 200 μM only in GAS cells. Regarding SOD
levels, no alterations was observed. Finally, SN at 200 μM increases the GPx levels in HepG2 cells.
Taken together the present data show that SN causes mutagenic effects in human cells and induces
oxidative stress at concentrations which may be relevant for users. This indicates that it is likely that the
chronic use of SN causes chromosomal damage, therefore the safety of this compound should be further
investigated in regard to its possible adverse effects.
Financial Support: FAPESP (2014/20344-9), CAPES and CNPq.
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LOW DOSES OF ASCORBIC ACID MODULATE 5-FLUOROURACIL AND CISPLATIN
CITOTOXICITY IN Saccharomyces cerevisiae
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Introdution: Classical chemotherapy is still used as the first-line treatment for a variety of tumors. In many
cases, cancer therapies cause elevated levels of oxidative stress in healthy cells and tissues, leading to
DNA damage and increased side effects. Antioxidants have been widely used to reduce chemotherapyassociated side effects, but little is known about its possible antagonistic effects. Objective: Thus, the aim
of this study was to evaluate the cytotoxicity and antioxidant activity of Cisplatin (CDDP) and 5-Fluorouracil
(5-FU) isolated and associated with low doses of ascorbic acid (AA) (2µM) in Saccharomyces cerevisiae.
Method: For the yeast test, plates were prepared with YEL culture medium, where 5 yeasts cell lineages
mutated in their antioxidant enzyme system and one wildtype were seeded. Filter paper discs were
added with antineoplastics isolated or associated with AA for 48h, and the halo of growth inhibition was
measured. Results: In S. cerevisiae cells, 5-FU and CDDP at concentrations of 10 and 20 μg/mL, induced
significant oxidative damages when compared to the negative control. These damages were modulated
by AA when it was administrated in co-treatment and after the half-life of the drugs in most yeast strains,
except the double mutant SOD1SOD2 treated with 5-FU. The results indicate that the modulatory effect
of AA is, probably, due to its antioxidant properties. Conclusion: Therefore, AA may interfere with the
oxidative and antitumor activity of CDDP and 5-FU, which may compromise the efficacy of the treatment,
especially during the half-life period of the drugs.
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ANTIOXIDANT VITAMINS MODULATE DNA-INDUCED DAMAGE BY ANTINEOPLASTIC
AGENTS IN VIVO
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Introduction: During chemotherapy, some cancer patients use dietary antioxidants to provide nutritional
deficiencies due to cancer treatment. Among the antioxidants consumed, there are vitamins, including
retinol palmitate (PR) and ascorbic acid (AA), which have the capacity to reduce free radicals formation,
protect cellular structures and maintain the cellular homeostasis. Some studies have suggest that the
use of vitamins may interfere with the toxic effects of chemotherapy. Objective: The study evaluated the
PR and AA modulation of cyclophosphamide (CPA) and doxorubicin (DOX) genotoxicity in vivo. Method:
Swiss mice (Mus musculus) were used as animal tested with six animals per treatment. The experimental
groups were: 1 - Negative control (no treatment); 2 - isolated RP (100 IU / kg); 3-AA isolate (2 μM), 4-RP +
AA conjugate (100 IU / kg + 2 μM); 5-CPA (20 mg / kg); 6-DOX (2 mg / kg); 7- CPA + Conjugated vitamins;
8- DOX + Conjugated vitamins; 9-CPA + DOX + Conjugated vitamins. Genetic effects are measured by
the use of peripheral cells (PC) and Femoral bone marrow (BM) after the treatments. Drug exposure times
were related to the half-life time of48h for DOX and 7h for CPA. The variables analyzed were Damage
Index (DI) and Frequency damage (FD). Results: The vitamins isolated and conjugated did not induced
DNA damage to the animal cells. Conversely, chemotherapy agents caused significant increase in DI and
FD when compared to NC, characterizing their known genotoxic effects. When these chemotherapeutics
were co-treated with retinol palmitate and ascorbic acid, the vitamins significantly modulate the genotoxic
effect of the drugs both isolated or conjugated in PC and BM at all half-life time of the drugs. Conclusion:
Antioxidant vitamins such as PR and AA interfere on the therapeutic effects of Cyclophosphamide and
Doxorubicin in animal tests. Thus, these findings could have clinical relevance due to the regular use of
antioxidants to combat the side effects of chemotherapy.
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Hovenia dulcis Thunberg, known in Brazil as “uva-do-japão”, is considered a medicinal plant that belongs
to Rhamnaceae family. This species is native to East Asia and was introduced in different countries,
included Brazil. In the scientific literature, there are descriptions of some medicinal properties of H.
dulcis, but the knowledge about its effects on biological mechanisms is poor. Thus, we investigated the
medicinal properties of H. dulcis using in silico analysis by system biology. For this, we performed a
systematic review of H. dulcis chemical compounds in the PubMed database. Subnetworks of proteins
and chemical compounds were created using mining tools STRING 10.0 and STITCH 5.0 and were
merged using Cytoscape 3.4.0. The cluster analysis and assessment of bioprocesses were done using
Complex Molecular Detection (MCODE) and the Biological Network Gene Ontology (BiNGO) tools,
respectively. The centralities analysis was performed using CentiScaPe. A network containing 198 nodes
and 1819 connectors were prospected. Of these nodes, 11 were H. dulcis chemical compounds and 187
were proteins present in Homo sapiens. The clustering analysis indicated 7 modules and gene ontology
analysis showed bioprocesses as: cellular response to insulin stimulus, glucose transport, negative
regulation of gene expression, epigenetic and cellular response to organic substance. The centralities
results pointed to node hub-bottleneck (N-HB) that can be considered a key regulator of bioprocesses and
essential for the successful transfer of information through the network. Considering H. dulcis network,
quercetin, GSK3B and HDAC1 were indicated as N-HB. Quercetin is a flavonoid as others compounds
present in the network. Many plants have these secondary metabolites that are a natural phenol with
biological activities in mammals, as hypoglycemic effects. H. dulcis has been related to hyperglycemia
control in mice. Besides, flavonoids are known for have an epigenetic activity when consumed. Based in
our results, it is possible to propose a molecular model in which H. dulcis chemical compounds regulate
blood glucose levels. In this model there is a possible epigenetic control of flavonoids in GSK3B gene
expression, by HDAC1. HDAC1 is known to cause transcriptional repression. GSK3B protein act by
phosphorylating and inactivating glycogen synthase (GYS1 or GYS2). Thus, in this context, GSK3B
inhibition would cause glycogen synthesis and would decrease glucose blood levels.
Financial support: UNILASALLE
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ENHANCING AND MODULATING EFFECTS OF CUDOXPHEN COMBINED WITH TWO
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Copper complexes that break DNA strands by an oxidative pathway were reported to be cytotoxic against
tumor cells, many studies have shown that copper (II) complex of 1,10-phenanthroline and doxycycline
(CuDoxPhen) cleave the DNA strands by an oxidative mechanism involving the generation of ROS,
suggesting mechanism of cytotoxic action. This work aims to evaluate the effects of a cooper (II) complex
CuDoxPhen, in vivo combined with two different mutagens, using the Drosophila melanogaster as
organism model at the Somatic Mutation And Recombination Test in Drosophila melanogaster (SMART).
Chronic co-treatments with CuDoxPhen at concentrations of 6.25, 12.5 and 25mg/L and the mutagenic
compounds doxorubicin (0.04mM) and urethane (10mM) at the standard (ST) and high bioactivation (HB)
crosses of the wing spot test were performed with 3-day-old larvae, the mutagens (DXR and URE) were
used as positive control, as negative control was employed osmosis reverse water. Somatic spots on
wings from marker heterozygous (MH) and balancer heterozygous (BH) flies were scored to determine
mutational events in somatic cells for each co-treatment. The results showed that CuDoxPhen enhanced
mutagenic effects at all concentrations when co-treated with DXR, in additional, when associated with
URE, CuDoxPhen showed non-significant increase of Total Spots at the concentrations 6.25 and 25 mg/L
and reduced the frequency at 12.5mg/L concentration at ST cross. However, at HB cross, CuDoxPhen
showed modulator effects when associated with DXR and enhanced the URE effects at all concentrations.
In view of this experimental conditions and results it was concluded that CuDoxPhen had a synergic action
with doxorubicin and urethane, hence all that compounds have mechanisms of DNA merge suggesting
direct DNA damage leading to increased mutational and apoptotic events, the compounds can promote
formation of free radicals when metabolized by CYP450, the increased Small Single Spots frequencies
lead to increased frequencies of Total Spots, suggesting cytotoxic effect. However, further studies are
needed to improve the comprehension about the mechanisms of CuDoxPhen action.
Financial support: FAPEMIG, DIRPE – UFU
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In recent years, propolis has been arousing the interest of the scientific community in relation to its biological
properties. The scientific literature describes that propolis is able to exert antioxidant, anti-inflammatory,
antiviral, antibacterial, antitumor, antigenotoxic, immunomodulatory activities, among others. The present
study evaluated the antimutagenic activity of two types of propolis, called green (PV) and brown (PM),
on the damage induced by mitomycin C (MMC), using the Somatic Mutation and Recombination Test
(SMART) in Drosophila melanogaster. Co- and post-treatment protocols and concentrations of 2, 4 and
7.5 mg/mL of propolis were used. The results demonstrate that both types of propolis were able to reduce
the mutagenic activity of MMC only in the co-treatment protocol. Additionally, it was verified that the PM
presented a more pronounced protective effect and reduced both the lesions originated by recombination
and those generated by mutational events, with predominant action on the former. On the other hand, the
PV exerted protective activity only on the damages generated by somatic recombination. The absence
of modulating activity of the propolis studied in the post-treatment protocol indicates that these natural
products were not able to interfere with the post-induction stages of genetic damage, including DNA
repair mechanisms. The data presented here suggest that the modulatory activity of PM and PV on the
mutagenic effects of MMC in co-treatment protocol may be associated with the antioxidant capacity of
propolis, already widely described in the literature.
Suporte financeiro: FAPERGS, CNPq e CAPES.
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COMPARATIVE CELL VIABILITY EVALUATION OF SULFORAPHANE IN HUMAN CELLS
BY THREE COLORIMETRIC ASSAYS
Santos PWS1, Machado ART1, De Grandis RA2, Ribeiro DL2, Aissa AF1, Antunes LMG1
1.

School of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo – USP, Ribeirão Preto,
S.P.

2.

Ribeirão Preto Medical School, University of São Paulo – USP, Ribeirão Preto, S.P.
Email: patricksantos@usp.br
Keywords: isothiocyanate, dietary compounds, HepG2, normal gastric cells

Bioactive dietary compounds have shown cancer chemopreventive potential through their influence in
the maintenance of genomic stability and epigenetic mechanisms. A promising bioactive compound is
the sulforaphane, found in high concentrations in cruciferous vegetables - Brassicaceae family. The
chemopreventive role of sulforaphane is associated with its histone deacetylase inhibitor activity (HDACi).
HDACi inhibitors have shown multiple effects including cell growth arrest, differentiation and apoptosis
in cancer cells. However, the effect of sulforaphane on cell viability and cytotoxicity, especially in relation
to human cancer or normal cells, remains poorly understood. The aim of this study was to evaluate the
viability of hepatocarcinoma cells (HepG2) and normal gastric cells treated with increasing concentrations
of sulforaphane. The methods covered include the use of different classes of colorimetric assays with
different endpoints. MTT assay determines the mitochondrial activity; acid phosphatase assay detects
phosphatases activity and neutral red assay quantifies lysosomal activity. Dimethyl sulfoxide (DMSO)
was used as the solvent at the concentration of 0.1% per treatment and it had no influence on the cell
viability. The results obtained from all colorimetric assays showed that sulforaphane at concentrations of
8, 16, and 32 μM decreased the cell viability on both cells. The only exception was found on MTT assay
performed on normal gastric cells, which 8 μM of sulforaphane did not decrease cell viability. Several
studies reported that high concentrations of sulforaphane caused massive death and anti-proliferative
activity on cancer cells, but here we have shown this effect also on normal cells. However, sulforaphane
levels in human plasma are closer to 3 μM, so lower concentrations are still safety. Further studies are
needed to clarify the relationship between sulforaphane and cell’s integrity. Moreover, our results suggest
that a combination of methods with different endpoints is an important tool to evaluate the cell viability
of bioactive compounds. Our results also suggest that MTT assay is less sensitive to evaluate the
sulforaphane cell viability in the tested conditions.
Financial support: São Paulo Research Foundation - 2016/14703-1 (FAPESP) and CAPES
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In the last years, the abusive consumption of thermogenic supplements is observed worldwide and
it has become for many people an easier way to weight loss without the daily practice of exercises.
Thermogenic supplements available in marketed currently contain substances such as caffeine (CAF)
and synephrine (p-synephrine - SNF). SNF is a protoalkaloid naturally found in the immature fruit of bitter
orange (Citrus aurantium) and it is added to food supplements due to chemical similarities with ephedrine
and pharmacological action like amphetamines. CAF is methylxanthine alkaloid known to acts as stimulant
in central nervous system. The combination of SNF and CAF in thermogenic supplements increased the
adverse effects reported to human health. However, there is a gap in the literature for cytotoxicity and
genotoxicity on this combination between SNF and CAF. Therefore, the aim of this study was evaluate
the cytotoxicity of different concentrations of SNF and CAF associated or not using the MTT assay and to
evaluate the genotoxicity of different individual concentrations of SNF and CAF, was performed the comet
assay in hepatic human tumor cells (HepG2) in vitro. Concentrations of SNF (0.03, 0.3, 3 and 30 μM) and
CAF (0.6, 6, 60 and 600 μM) were chosen according to possible plasma concentrations that can be found
in humans. Additionally, it was taken into consideration the proportion of SNF/CAF (1:10 mg, respectively)
present in thermogenic supplements formulation and concentrations of 3 μM of SNF and 30, 60 and 90
μM for CAF were selected for associated tests. The results for tests with SNF (0.03 – 30 μM) and CAF
(0.6 – 600 μM) demonstrated absence of DNA damage and also did not showed a significant decrease
in cell viability when compared to negative control (PBS). In the same way, the results for associated
concentrations of SNF/CAF (3:30; 3:60 and 3:90 μM) in MTT assay also demonstrated no significant
reduction in the cell viability of metabolizing HepG2 cells. Thereby, it is possible to conclude from the
results, both individual and associated tests, that SNF and CAF did not have cytotoxic and genotoxic
effects in human hepatic cell line HepG2 in vitro.
Financial Support: CNPq and FAPESP (Proc. Nº 2014/20344-9).
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Metformin (MET), commercially known as Glucophage, is an oral antidiabetic drug of the biguanide family
widely prescribed as a first choice medication for type 2 diabetes mellitus. MET prevents hepatic glucose
release and increases tissue insulin sensitivity. Hyperglycemia is also commonly observed in a wide
variety of diseases, including cancer. The diabetic cancer patients, submitted to treatment with MET,
are normally on additional therapy with anticancer drugs, such as Doxorubicin (DXR). DXR interferes
with the topoisomerase II enzyme and generates free radicals. In this study, the standard (ST) and the
high bioactivation (HB) crosses of the wing Somatic Mutation and Recombination Test in Drosophila
melanogaster were used to assess modulatory effects of MET against DXR-induced mutagenicity. Thirdinstar larvae trans-heterozygous for two genetic markers, multiple wing hair (mwh) and flare (flr3) were
treated at different concentrations (2.5; 5; 10; 25 or 50 mM) of MET co-administered with DXR (0.4 mM).
Negative (ultrapure water) and positive (DXR 0.4 mM) controls were included in both experiments. The
results were rather similar, demonstrating that MET is not metabolized by the Cytochrome P450 enzymes
(especially CYP6A2) which was found to be present in the insecticide-resistant strain [OR(R)] at higher
levels than in the insecticide-sensitive (flr3) strain. The reference mutagen (DXR) significantly increased
the frequency of all mutant spot categories. MET was able to significantly reduce the total frequency
of mutant spots in the two highest concentrations of the ST cross (25 and 50 mM) and in the highest
concentration of the HB cross (50 mM). Conclusion: Under the experimental conditions, MET possess
modulatory effects on the mutagenicity induced by DXR in somatic cells of D. melanogaster. Based on
literature data, we suggest that the modulatory effects of MET may be due to its anti-oxidant and antiinflammatory capacities, besides apoptotic induction.
Financial support: CNPq, UFU, UNIPAM.
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Aging process may be defined as a multifactorial phenomenon associated with decreased physiological
and cellular functions, increased incidence of various degenerative diseases, and a reduced ability to
respond to stress. Together with the aging process, arise degenerative diseases which are characteristic
of this phase of life, however, studies using melatonin (N-acetyl-5-methoxytryptamine) a potent natural
antioxidant secreted by the pineal gland of all mammals, including man, have been gaining featuring.
Melatonin is the main pineal hormone synthesized from tryptophan, predominantly at night. With advancing,
age the nocturnal production of melatonin decreases in various species of animals, including human,
however questions arise about the possible role of melatonin in aging. The aim of present study was to
evaluate the effects of chronic consumption of melatonin on mutagenic and behavioral parameters of old
swiss mice. For the present study, 100albinos swiss male mice with 3 months were divided in 5 groups:
G1: Animals that consumed melatonin from 3 months until to complete 24 months. G2: Animals that
consumed melatonin from 6 months until to complete 24 months. G3: Animals that consumed melatonin
from 12 months until to complete 24 months. G4: Animals that consumed melatonin from 18 months
until to complete 24 months. G5 Animals that consumed only water until to complete 24 months. After 24
months, the animals were submitted to the open field and tail suspension behavioral tests, and euthanized
for the dissection of the femurs for performing the micronucleus test. The results of the open field test,
demonstrated that all animals presented exploratory activity in the session training. In the session test,
animals that received water or melatonin since the 6 and 12 months, presented decreased crossing in
relation to session training, but, in relation the rearing, the group that received melatonin since the 3 and
12 months, presented decrease, in relation the session training. In the tail suspension test, melatonin
presented antidepressant effect, reducing the immobility of the animals. The micronucleus test, showed
a decrease in the frequency of MN in EPC in all groups that received melatonin, compared with animals
of the same age who did not ingest this substance, showing that melatonin did not show mutagenic
activity and was able to prevent the mutagenic damage caused by aging. With our results conclude that
melatonin in the dose tested presented antidepressant and antimutagenic activity, independent of the age
at which its consumption begins.
Financial support: UNESC; PPGCS;
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MONITORING OF GENOTOXICITY, CYTOTOXICITY AND OXIDATIVE STRESS IN
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Worldwide, millions of operating room professionals are occupationally exposed to volatile anesthetics,
which have potential toxic effects. It is known that there is a link among genetic damage, cytotoxicity and
oxidative stress. Therefore, human biomonitoring can be a useful tool to assess the health of exposed
professionals. In addition, it is unknown the consequences of occupational exposure to volatile anesthetics
on medical residents. Thus, this study aimed, for the first time, to monitor the possible toxic effects of
short-term exposure to modern volatile anesthetics in healthy physicians. The follow-up study included
26 young physicians of both sexes who worked in operating rooms and were occupationally exposed
to anesthetics (isoflurane, sevoflurane, desflurane and nitrous oxide) during the first year of medical
residency in anesthesiology or surgery at Botucatu São Paulo State University (UNESP, Botucatu, Brazil).
Blood samples were evaluated at three time points: before the start of the medical residency program
(control), after six and twelve months of exposure to monitor genotoxicity (DNA breaks by the comet
assay), cytotoxicity (early apoptosis and loss of mitochondrial membrane potential by flow cytometry) and
oxidative stress (lipid and protein oxidation, and antioxidant capacity). No significant changes were found
in the biomarkers of genotoxicity (p = 0.15) or cytotoxicity (p > 0.05) among the evaluated time points.
However, there was a significant increase in lipid (malondialdehyde, p = 0.007) and protein (proteins
carbonyls) oxidation markers at six months of exposure, and the protein carbonyls showed progressive
increase until twelve months of exposure (p < 0.001). Additionally, antioxidant capacity significantly
increased after one year of occupational exposure (p < 0.001). The biomonitoring of medical residents
occupationally exposed to anesthetics does not induce genotoxicity or early cytotoxic alterations, but
leads to oxidative stress during the first year of medical residency in anesthesiology or surgery. Therefore,
the findings highlight the detrimental effects in young professionals exposed to volatile anesthetics. It is
of great importance to continue this follow-up in these physicians, at the beginning of their careers, to
have better understanding of the possible toxic effects of exposure to volatile anesthetics, since this is an
important occupational issue.
Financial Support: CNPq (grant #446252/2014-0) and CAPES.
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Gastric cancer is an important cause of mortality. Its development and progression is a consequence of
the progressive accumulation of different genetic and epigenetic changes. The main risk factors include
Helicobacter pylori infection, diet, environmental factors and smoking habits. Copaifera trees, popularly
known as “copaíbas, copaibeiras or pau d’óleo”, are used in popular medicine by their anti-inflammatory,
antiparasitic and antitumoral effects. The objective of this work was to evaluate, in vitro, the cytotoxic and
antiproliferative activity of Copaifera duckei oleoresin in the gastric cancer cell line AGP01. Cytotoxicity
was evaluated by XTT colorimetric assay, which demonstrated a significant loss of cell viability in the
concentration range between 31.2 and 62.5 μg/mL. In BrdU assay, the concentrations of 50 and 100
μg/mL reduced the proliferation percentage by more than 60%. The same concentrations reduced
the survival fraction detected by clonogenic survival assay. Cytomorphological analysis demonstrated
a significant increase of apoptosis (36.7%) 24 h after oleoresin treatment, when compared to vehicle
control (P<0.05). To evaluate if apoptosis induction was associated with DNA damage, the micronucleus
frequency was evaluated, where none of the concentrations tested showed a significant increase in
the frequency of micronuclei compared to the negative control (P>0.05). Gene expression analysis was
performed at transcriptional level of TP53 and CASP3 genes, after 24 h of oleoresin treatment. The
results showed a statistically significant increase in TP53 expression when compared to vehicle control
(P<0.05). In conclusion, the oleoresin of C. duckei induces the expression of the TP53 gene, which leads
to the reduction of cell proliferation through the induction of cell death by apoptosis and independent of
the induction of DNA damage.
Financial Support: FAPESP (2011/13630-7); CAPES; UNIFRAN

130

XII CONGRESSO da MutaGen-Brasil - 2017
MS 04

EVALUATION OF CYTOTOXICITY AND in vitro GENOTOXICITY OF THE COOPER
COMPLEX [Cu(BTACl)(phen)ClO4] OVER MURINE FIBROBLASTS CELL LINE (NIH-3T3)
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Several researches point metallic complexes as potent antitumor agents. Copper (Cu) is one of the
most promising metallic ions used in complexes synthesis, once it is widely found in biological systems.
The association of copper with β-diketones improves its antineoplastic activity and when this pair is
coordinated with phenantrolin, it forms the ternary complex called Cu(BTACl)(phen). Previous works
showed an antitumoral activity of this complex in tumorigenic murine cell lines, as Ehrlich tumor (Breast
Carcinoma) and TG180 (Sarcoma), with respective IC50 of 14,95 µM and 28,4 µM. Based on this data,
the present study aimed to evaluate the in vitro cytotoxicity of [Cu(BTACl)(phen)]ClO4 using the murine
fibroblasts cell line (NIH-3T3) and evaluate its mechanism of action through an in vitro genotoxicity test.
NIH-3T3 cell line was cultured in flasks with RPMI-1640 complete medium at 37°C and 5 % CO2. Cytotoxic
activity was performed by the colorimetric assay Alamar Blue, followed by genotoxicity evaluation using
the in vitro micronucleus test. The statistical analyzes and determination of IC50 was performed using
GraphPad Prism 6.0 program. The cytotoxicity analyses of [Cu(BTACl)(phen)ClO4] showed a dosedependent cytotoxic response when compared to the untreated control group (p<0,001), with IC50 of
19,21 µM, a very similar result to that found in other cell lines. The micronucleus test showed a significant
increase in micronucleus frequency when compared with the untreated control group, indicating that
Cu(BTACl)(phen) induces DNA cleavage. It is known that many copper complexes interacts with DNA,
inducing breaks through ROS production. The increase of micronucleus frequency observed in the
present work is an indication that Cu(BTACl)(phen) cytotoxicity follows the same mechanism of action
of other copper complex. The properties of this metal complex can be explored in the development of a
new chemotherapeutic agent, but other experiments as apoptotic assays must be done to indicate the
pathway triggered by Cu(BTACl)(phen) action and in vivo experiments will bring information about its
acute toxicity and antitumor properties.
Financial Support: UFU, FAPEMIG, CNPq and CAPES.

131

XII CONGRESSO da MutaGen-Brasil - 2017
MS 05

ASSESSMENT OF THE MUTAGENIC POTENTIAL OF ARTEPILLIN C ON HUMAN CELLS
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Despite the wide variation in chemical composition, the several types of propolis produced in southern
and southeastern Brazil contain artepillin C (3,5-diprenyl-4-hydroxycinnamic acid), a polyphenol that has
been investigated for its biological properties. This study examined the biological effects of artepillin C
(concentration range of 3.75 μm to 2,000 μM) on the human hepatocellular carcinoma cell line (HepG2)
using the cytokinesis-block micronucleus cytome (CBMN) assay. The test evaluates chromosomal
mutations to detect chromosomal breaks and/or chromosomal loss in eukaryotes. The CBMN cytome
assay is based on the use of cytochalasin B (cyt-B), which inhibits polymerization of actin, required to
form the microfilament ring that induces cytoplasm contraction and cleaves the cell into two daughter
cells, in a process called cytokinesis. Cyt-B promotes the accumulation of binucleated cells from cells
that underwent one single division cycle. In this sense, the analysis of micronuclei and of other markers
of chromosomal damage is carried out using binucleated cells. The nuclear division index (NDI) results
show that treatment with artepillin C 1,000 μM and 2,000 μM was cytotoxic, compared with the negative
control. In fact, the NDI of cells treated with high concentrations of artepillin C was significantly low,
compared with the negative control, suggesting this compound’s action on cell proliferation. Concerning
mutagenic action, the artepillin C concentrations assessed did not induce significant increase in the
frequencies of micronucleus, nucleoplasmic bridges, or nuclear buds, compared with the negative control.
New experiments are carried out using a larger sample size.
Financial support: CNPq and FAPERGS
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LOW DEGREE OF VARIABILITY OF TRYPANOSOMACRUZI KINETOPLASTDNA AND TNF
POLYMORPHISM FROM TWO GENERATIONS OF A FAMILY WITH CHAGAS DISEASE
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Chagas disease, caused by the protozoon Trypanosoma cruzi, is characterized by different clinical forms,
resultant of complex interactions among the environment, genetic factors of the parasite and host. Studies
of genetic correlations of parasite with its biological properties and studies of genetic susceptibility of host
with its clinical manifestations have been carried out aiming to predict the infection evolution with the
perspective of assisting in the diagnosis and the control and the knowledge of the infection clinical course.
Studying the host genetic integrated to the knowledge of the parasite genetic is fundamental for a better
understanding of infectious diseases such as Chagas’ disease. The aims of this study were evaluate the
variability of T. cruzi populations in order to assess the similarity of the genetic profiles of circulating T.
cruzi and the single base polymorphism in the human gene TNF-308G/A (familial component in Chagas’
heart disease)in two generations of a chagasic family from the Alto Paranaiba region, MG state. The
methods used were Low-Stringency Single Specific Primer-Polymerase Chain Reaction (LSSP-PCR) and
Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP). For PCR-LSSP
analysis, the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) algorithm and Shannon index
were used to construct a phenogram and indicate the genetic variability of theT. cruzi kDNA, respectively.
The UPGMA dendrogram distinguished the samples into three distinct clusters and the Shannon index
shown a low genetic variability between the T. cruzi samples. The result of single base polymorphism in
human geneTNFshowed all patients of study are heterozygous (-308G/A). In conclusion,our data showed
that the parasitegenetic profiles in this study are similar,indicating a genetic proximity between the T.
cruzi populations circulating within the family and allthe hosts had the heterozygote genotype, suggesting
increasedlevels of plasma TNF which may be associated with Chagas cardiopathy.
Financial Support: FAPEMIG, CNPq
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EVALUATION OF CYTOTOXIC AND MUTAGENIC EFFECTS OF TWO ARTIFICIAL
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Introduction: Saccharin and sodium cyclamate are widely used as food additives in Brazil, and the
current Brazilian legislation have defined the acceptable daily Intake (ADI) as 5mg/kg for saccharin and
11mg/kg of sodium cyclamate. However, the current literature suggests that the use of these sweeteners
is associated with gene mutations and genetic instability, as well as possible carcinogenic effects.
Therefore, there is a need for toxicological studies of these food additives regarding their safety according
to the current ADI. Objective: In vitro cytotoxicity and mutagenicity analysis of Saccharin and sodium
cyclamate based on concentrations allowed by Brazilian legislation. Methods: We used the MTT (3(4,5-Dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide) assay for evaluation of cytotoxicity (72 hours
of treatment) and the Comet Assay for genotoxicity (03 hours of treatment). The tests were performed
in cell culture using the normal gastric epithelial cell line MNP01. The concentrations of the sweeteners
used were: 0.4, 0.8 and 1.6 mg / mL. Results: Data showed that saccharin was cytotoxic to MNP01 at
three concentrations with IC50 of 4.48 mg / mL (3,831 ± 5,239). Saccharin increased the damage index in
the two highest concentrations (0.6 and 1.2 mg / mL), when compared to negative control (p <0.0001) but
lower than doxorubicin-induced damage (p <0.0001). There were no statistically significant differences
between 0.6 and 1.2 mg / mL saccharin concentrations for damage index. Cyclamate analysis revealed
no interference in cell viability at three concentrations, with an IC50 over 40 Mg / mL. Genotoxic evaluation
showed that cyclamate did not induce DNA damage at any concentration tested (0.4, 0.8 and 1.6 mg /
mL) when compared to the negative control. Conclusion: Therefore, among the analyzed sweeteners
only sodium saccharin showed significant cytotoxic and genotoxic effects.
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RETINYL PALMITATE AND ASCORBIC ACID MODULATE THE GENOTOXICITY OF
CYCLOPHOSPHAMIDE ND DOXORUBICIN
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Introduction: Classical chemotherapy such as Cyclophosphamide (CPA) and Doxorubicin (DOX) is still
the first-line treatment of a variety of tumors,. These drugs act by causing genetic instabilities in tumor
cells through free radicals formation, which are responsible for the increased side effects commonly
observed. Antioxidant supplementation has been used to reduce chemotherapy-associated side effects;
however their use during cancer treatment may interfere in the drugs’ efficacy. Objective: Because of
the constant medical and nutritional recommendation of vitamin supplementation for cancer patients, the
objective of this study was to evaluate the effect of retinol palmitate (RP) and ascorbic acid (AA) on the
toxicogenic potential of CPA and DOX antineoplastic agents. Methodology: The bioassays used were
the toxicity test using Artemia salina and Allium cepa test. The experimental groups evaluated were: 1)
Negative control (no treatment); 2) RP isolated (100 IU); 3) AA isolate (2 μM), 4) RP + AA conjugate (100
IU + 2 μM); 5) CPA (20 mg / kg); 6) DOX (2 mg / kg); 7) CPA + conjugated vitamins; 8) DOX + conjugated
vitamins; 9) CPA + DOX + conjugated vitamins. Drug exposure times (ET) were 24 and 48 hours for A.
salina and 24, 48 and 72 hours for A. salina. Data were submitted to analysis of variance (ANOVA), with
Tukey post - test. p <0.001. Results: No toxic and genotoxic damage was observed for the isolated and
conjugated vitamins. The toxicity of the two drugs was verified by the significant (p <0.001) percentage of
cell death in A. salina in all ET analyzed. Chemotherapy agents isolated and vitamin-associated caused
significant cytotoxic and mutagenic effects in A. salina cells. However, a significant modulation (p <0.001)
of the toxic and genotoxic effects of antineoplastics by the antioxidant vitamins was observed when
comparing with the drugs isolated for the two bioassays. Conclusion: The antioxidant vitamins RP and
AA inhibited the therapeutic effects of the chemotherapy CPA and DOX. In this case, the use of antioxidant
vitamins during chemotherapy may interfere with the efficacy of the cancer treatment.
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Cymbopogon citratus ETHANOLIC AND METHANOL EXTRACTS MUTAGENIC
EVALUATION IN PRIMARY CULTURE OF ASCITIC EHRLICH TUMOR CELLS
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Brazilian population uses many anxiolytics medicinal plants and one popular specie is Cymbopogon
citratus (lemongrass). This current experiment evaluated the mutagenic activity of alcoholic extracts of C.
citratus in a primary cell culture of ascitic Ehrlich tumor. To execute the micronucleus test, it has been used
5x104 cells of peritoneal wash from the male Swiss mice with 7 days of tumor evolution; resuspended
in RPMI environment, supplemented with 10% of Bovine Fetal Serum and 1% of antibiotics (penicillin
and streptomycin), kept at 37oC for 8 hours to stabilization. After this period, 0,1 mg/mL of ethanolic or
methanolic extracts of C. citratus were applied for 48 hours. A thousand mononuclear cells of ascitic
Ehrlich tumor were analysed / treatments / repetition (2 repetitions), using a light microscopy, accounting
the presence of micronucleus. The primary cell cultures of the ascitic Ehrlich tumor kept as a control
presented (Mean ± Standard Deviation) 4.5 ± 0.707 cells with micronucleus. The ethanolic C. citratus
extract presented 78.0 ± 9.899 (p = 0.0647) cells with micronucleus and the methanolic extract showed
60.5 ± 7.778 (p = 0.0567) cells with micronucleus. Although that statistical analysis (t-Student) was not
significative, the results obtained indicated that both tested extracts increases the number of cells with
micronucleus, suggesting they can be mutagenic on the primary cell cultures of ascitic Ehrlich Tumor.
Suporte Financeiro: FAPESP- Fundação de Amparo à Pesquisa do Estado de São Paulo e CNPqConselho Nacional de Desenvolvimento Científico e Tecnológico.
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Porphyrins have been used as photosensitizing agents in photodynamic therapy (PDT) of several
pathologies. In order to investigate the genotoxic potential of RuTPyP-porphyrin, interaction assays
using salmon sperm DNA (ssDNA) were performed by UV-vis spectroscopy and competitive-binding
assays. Spectral measurements were made at room temperature in Tris-HCl buffer pH 7.4 and 5%
DMSO, where RuTPyP-porphyrin as titrated with increasing concentration of ssDNA (0.0 to 100.0 μM).
The absorption spectra of RuTPyP-porphyrin were acquired in the wavelength range of 250–800 nm in
order to determine the intrinsic binding constants (Kb). For competitive-binding experiments, emission
spectra were monitored as increasing concentrations of porphyrin were added by titration to a fixed
concentration of ssDNA pretreated with Ethidium Bromide (EB). The obtained hypochromicity value for
RuTPyP-porphyrin was around 22% (intrinsic binding constant of 1.21 x 105 M-1), what led us to suppose
that this porphyrin derivative binds to DNA by H-bonding and/or non-classical stacking modes, showing
a good affinity with ssDNA. Competitive-binding experiments analyzing EB-DNA interaction showed
a strong emission at 642 nm when excited at 510 nm. EB intensity of pre-treated ssDNA decreased
when RuTPyP-porphyrin was added to the samples. This could be attributed to a binding competition
of porphyrin derivative with EB to the grooves of DNA. These results emphasize that RuTPyP-porphyrin
interacts with DNA, suggesting a high potential for their application as photosensitizers in PDT.
Financial support: CNPq.
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EFFECTS OF SOFOSBUVIR IN HUMAN HEPATOMA CELLS (HEPG2)
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Background and Aims: Hepatitis C virus infection affects approximately 3% of the world’s population.
Current pharmacological therapy for chronic hepatitis C, based on regimens with direct-acting antivirals
(DAAs), such as sofosbuvir, free of interferon and/or ribavirin, made the treatment much more effective in
a shorter period (12 to 24 weeks). Due to the scarcity of information regarding the genotoxicity of DAAs
in pre-clinical studies, the present study assessed the cytotoxic and genotoxic potentials of sofosbuvir,
alone and combined with ribavirin, using the in vitro cytokinesis-block micronucleus (CBMN) cytome
assay in human hepatoma cells (HepG2). Methods: The CBMN assay allows to the cells exposed
to the treatment to be evaluated for cytotoxic events (necrosis and apoptosis), cytostatic (mono- and
multinucleated cells) and chromosomal damage (micronuclei, nucleoplasmic bridges and nuclear
buds). For the accomplishment of the experiments, 1x105 HepG2 cells were seeded in a 24-well plate,
undergoing treatment with sofosbuvir (0.011, 0.023, 0.047, 0.094, 0.188, 0.377, 0.755 e 1.511 mM),
sofosbuvir combined with ribavirin (SOF+RBV: 0.094+0.250; 0.188+0.500; 0.377+1.000; 0.755+2.000;
1.511+4.000 mM), positive control (benzopyrene) and negative control (DMEM, Dulbecco’s Modified
Eagle’s Medium) for 24 h. After treatment cytochalasin B was added in the medium and, after 72 h, cells
were collected by cytocentrifugation on glass slides. Cell kinetics and cytotoxicity were evaluated at 500
cells per slide and the chromosomal damage were analyzed in 1.000 binucleated cells, quantifying the
presence of the damage. Results: No significant differences were observed in the aspects of cell death,
reflecting the absence of cytotoxic effects associated to sofosbuvir alone and combined with ribavirin. No
significant differences were observed for the cytokinesis-block proliferation index (CBPI), reflecting the
absence of cytostatic effects associated to sofosbuvir, but significant results were observed for CBPI in
four combinations, demonstrating the presence of cytostatic effects of the combination of the two drugs.
In another aspect, our results showed that sofosbuvir alone and combined with ribavirin did not increase
the frequencies of chromosomal damage, in the concentrations analyzed. Conclusions: Our results
showed that sofosbuvir alone and combined with ribavirin, in the concentrations analyzed, did not induce
cytotoxic and genotoxic effects in HepG2 cells.
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Carapa guianensis (Aublet), a tree from Meliaceae family commonly known as andiroba. It seed oil is largely
used in Brazilian traditional medicine because of its multiple curative properties. OECD recommends
perform at least two in vitro toxicological tests before proceeding to in vivo assays. Our aim was to evaluate
the chemical composition and in vitro toxicological aspects and of three C.guianensis oils obtained by
different extraction methods. Oil 1 was obtained by pressing the dried seeds at room temperature; Oil
2 was obtained by autoclaving at 121°C, drying and pressing; Oil 3 was obtained by soxhlet extraction
at 30-60°C using petroleum ether. All of them presented differential yields, physicochemical properties
and phenolic contents in each process. The genotoxicity screening demonstrated that Oil 1 was the
more cytotoxic to bacterial cells and Oil 2 presented mutagenicity to Salmonella enterica typhimurium.
Oil 2 was more cytotoxic than the others to CHO-K1 and RAW264.7 cells and induced micronuclei in
both cellular types. Oil 3 also induced micronuclei formation. Our data demonstrate that an Oil 1, whose
extraction was carried out in the absence of high-temperature, is the safest for its use compared to the
other two oils, and presented the highest antioxidant activity.
Financial support: CNPq, CAPES, FAPERJ, UNIRIO, UERJ, EMBRAPA.
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Present in the essential oil of many aromatic plants, the geraniol, an acyclic monoterpenoid and an
alcohol, is one of the most frequently used molecules by the flavour and fragrance industries, being
employed in several products, such as shampoo, fragrance and detergent. The literature also reports the
therapeutic potential of geraniol, highlighting itself especially as a likely molecule for the development of
drugs against câncer due its in vivo and in vitro potent cytotoxic and cytostatic effects against tumor cells.
Considering the intrinsic link between mutation and cancer it is of fundamental importance to assess the
genetic toxicity of any substances of use or frequent exposure by the population. Therefore, this study
was designed to evaluate the cytotoxicity and genotoxicity of geraniol, in an in vitro protocol, using two
types of human cells, one without the ability to metabolize (peripheral blood mononuclear cells), and the
other with this capability (human hepatoma cell line - HepG2), and through two recognized cytogenetic
methods, comet assay and micronucleus test. For the genotoxic assessment, 4 concentrations (10, 25,
50 and 100 µg/mL) for the blood mononuclear cells and 3 concentrations (1.25, 2.5, and 5 µg/mL) for the
HepG2 were selected on the basis of cytotoxicity tests. To verify the single and double strand breaks, the
alkaline comet assay was carried out, exposing both cell types to the geraniol concentrations for a period
of 4 hours, in triplicate, and 100 comets per slide/concentrations were visually scored, being labelled as:
damage 0, 1, 2, 3, according to the tail extent. Regarding the micronucleus test, the lymphocytes were
exposing for 28 hours – in duplicate – while 24 hours of exposure were applied to the HepG2 cells –
in triplicate. 1000 binucleated cells were analyzed per slides/concentrations, verifying the presence of
micronucleus, nucleoplasmic bridges and nuclear buds. The results obtained showed that geraniol did
not present genotoxic and/or clastogenic/aneugenic effects on both cell types studied. However, it was
verified a significant dose-dependent reduction in the viability of HepG2 cells after exposure to geraniol,
corroborating the data found in literature as to its potent action against tumoral cells. Considering that
marked decrease in cell viability was also observed in normal mononuclear leukocytes at concentrations
above 100 µg/mL, caution is advised in the continued or high concentrations use of this substance by
humans.
Financial support: FAPESP.

140

XII CONGRESSO da MutaGen-Brasil - 2017
MS 14

IN VITRO STUDY OF THE CYTOTOXIC ACTIVITY OF MAGNETIC NANOPARTICLES IN
RENAL CANCER CELLS (786-0)
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Nanotechnology is an interdisciplinary and multidisciplinary research area used for several biomedical
applications. Magnetic nanoparticles (MNP) are promising as drug nanocarriers. Most of the studies to
evaluate the MNP toxicity have been performed on cell cultures, since one of the advantages are the ease
of standardization of the experimental conditions. The MTT colorimetric assay and the cell viability Trypan
blue test can be used to determine the cytotoxicity of these MNP. Therefore, the objective of this work was
to evaluate the cytotoxic activity of magnetite MNP (Fe3O4)(NP) and silica coated Fe3O4 (NPSiO2) by MTT
cytotoxicity assay and Trypan blue cell viability test in renal tumor cells (786-0). For the MTT assay, cells
were plated in 96 well plates at a density of 104 cells/well and for the Trypan blue assay, were plated in
24 well plates at a density of 0.2x105 cells/well and treated with NP and NPSiO2, at seven concentrations
(50, 100, 200, 400, 600, 800 and 1000 μg/mL), incubated for 24, 48 and 72 hours. The reading was done
after 72 hours for the Trypan blue test. Experiments were performed in triplicate and a statistical analysis
of variance (ANOVA) followed by the Tukey test was performed (α=0.05). The results indicated some
cytotoxicity at a concentration of 200μg/mL of NP at 24 and 48 hours. The concentration of 100μg/mL(NP)
was different from the control in 72 hours, because exhibited higher mitochondrial activity. The NPSiO2
indicated higher toxicity in the 48 hours period (50, 100, 200 and 800 μg/mL), also in the period of 72 hours
(200 and 1000 μg/mL) (p<0.05). For the Trypan blue assay, It was observed that concentrations of 800
and 1000 μg/mL of MNPs non-coated and 600 to 1000 μg/mL of silica-coated MNPs were cytotoxic and
acted on the cell membrane integrity (p<0.01). Analysis of the MTT assay data suggests that interference
on mitochondrial activity may have occurred. In addition, the MNPs non-coated and silica-coated were
cytotoxic at the cell membrane level in human renal carcinoma (786-0). Nonetheless other studies should
be conducted to demonstrate the effects of these magnetic nanoparticles on other types of tumor cells.
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EVALUATION OF OXIDATIVE AND NEURODEGENERATIVE CONDITIONS IN NEURONAL
CELLS IN VITRO: A FOCUS IN GENOTOXICITY AND MUTAGENICITY
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Oxidative stress plays an important role in metabolism and it could trigger neurodegeneration
processes, since neuronal cells are highly prone to this type of damage. Once the condition is known
as a neurodegenerative disease, it is important to understand the vulnerability mechanisms involved,
thus the direct study of various damage types related to neuronal cells aggression may confer a crucial
understanding for these diseases. To better understand the mechanisms of DNA damage in neuronal
cells NSC34 (Motor Neuron) and mHippoE2 (Hippocampus cells) we used H2O2 to access the oxidative
condition (500μM for 24 hours) and to access the neurodegeneration condition we used the Aß1-42
peptide (beta amiloyd – 50nM for 24 hours). The Comet Assay was used for genotoxic evaluation of
the DNA damage. CBMN (Cytokinesis-block micronucleus cytome assay) was employed to evaluate
cytotoxicity and mutagenicity. The results showed the increase of the DNA damage induced by H2O2.
Considering the results obtained by CBMM, we can observe cytotoxicity (NDI – Nuclear Division Index)
and mutagenicity (Micronucleus). Treatments with H2O2 and Aß1-42 peptide demonstrated inhibition
of cell division (P≤0,05), while the Aß 1-42 peptide showed induction of micronuclei formation (P≤0,05)
to NSC34 and mHippoE2 cells. Thus, we can infer different processes of DNA damage by oxidative
conditions, with diverse cytotoxic and mutagenic characteristics for each condition in the tests (H2O2
- oxidative stress and Aß - neurodegenerative stress). Under these stress conditions inducing DNA
damage, the p53 protein blocks the cell cycle, allowing DNA repair or promoting apoptosis. By Western
Blot we observed higher expression of the p53 in mHippoE2 cells during treatment with Aß1-42 when
compared to control cells. We also observed a decreased expression Cdk A1 at same conditions. Further
studies will be performed to better characterize the damage mechanisms in neuronal cells against the
genotoxic and/or mutagenic effects of H2O2 and Aß1-42, that may contribute to neurodegeneration.
Supported by: FAPESP (Project 2014/24475-00), CNPq and UFABC.
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Copaiba oleoresin is extracted from the tree trunk of the Copaifera genus, a traditionally used plant in
folk medicine as an anti-inflammatory and antibactericide, including is commercialized and exported.
Nevertheless, in spite of the existing abundant literature on copaiba oils properties, little is known on the
mutagenic profile of these plant species. Medicinal plants, in addition to the beneficial substances that
can be used in therapy, may also contain substances that are hazardous to health and need to undergo
tests to ensure their safe use. Therefore, the aim of this study was to investigate the mutagenic activity
of the oleoresin extracted from the Copaifera paupera by Ames test, a widely used assay that detects
mutations at the gene level through strains genetically modified of the Samonella typhimurium bacteria.
This assay was performed using TA98, TA100, TA97a and TA102 strains of S. typhimurium, as sensitive
indicators of DNA damage, in the absence (-S9) and presence (+S9) of metabolic activation system in five
concentrations, varying from 12.5 to 200 µg/plate. The results obtained showed that Copaifera paupera
oleoresin is not mutagenic under the conditions used, because did not induce any increase in the number
of revertant colonies relative to the negative control. The absence of mutagenic effect by Copaifera
paupera oleoresin against S. typhimurium bacterial strains in the Ames test is highly relevant. However,
further pharmacological and toxicological investigations are necessary to determine the mechanism(s) of
action to guarantee their safer and more effective application to human health.
Financial support: Pibic/ CNPq/ Uniara and Fapesp (Brazil)
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GENETIC MECHANISMS OF RESISTANCE TO ARA-C IN ACUTE MYELOID LEUKEMIA
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Mixed-lineage leukemia (MLL) represents a heterogeneous group of neoplasms and clinical outcomes
depends on the translocation partner gene involved. In particular, MLL-AF4-expressing AML (acute
myeloid leukemia) cells [t(4;11) (q21;q23)] are more frequent in children and are related to an unfavorable
prognosis. Cytarabine - Ara-C is one of the most effective drugs for AML treatment, however the main
complication is the elevated risk of recurrence in about 30% of patients. The objective of this study
was to investigate mechanism of drug resistance to Ara-C in MLL-AF4 expressing AML cells. The MV4-11 cell line (ATCC-CRL-9591) was treated with Ara-C for 12 weeks. After treatment, MV-4-11 cells
showed bimodal expression of CD38 antigen and we performed cell-sorting strategies to obtain two
purified cell subpopulations (MV-4-11-CD 38low and MV-4-11-CD38high). Next, total RNA was isolated from
these three cell populations (untreated MV-4-11, MV-4-11-CD38high and MV-4-11-CD38low subpopulations)
and transcriptome analysis was performed by RNA-Seq to identify pathways and biomarkers of drug
resistance. We analyzed 222 genes, which were categorized in seven groups (1.cell cycle markers and
tumoral suppressor genes; 2.apoptosis; 3.Ara-C metabolizing genes; 4.repair DNA genes; 5.epigenetic
genes; 6.Hox genes and 7.lysosomal and ribosomal-genes). We found that MV-4-11-CD38+low cells and
MV-4-11-CD38+high cells have distinct survival advantage following Ara-C exposure. MV-4-11-CD38+low
cells showed resistance, while MV-4-11-CD38+high cells are sensitive to Ara-C. Also, MV-4-11-CD38+low
cells and MV-4-11-CD38+high cells showed distinct gene expression profiles. MV-4-11-CD38+low cells
showed inhibition of 68% of these genes, while in MV-4-11-CD38+high cells the expression level of several
genes are similar to untreated cell population. Interestingly, most of DNA repair, epigenetic regulator and
ribosomal genes were inhibited in MV-4-11-CD38+low cells, while most of the Hox, lysosomal genes and
CDA enzyme were upregulated in these cells. This study suggests possible mechanisms of resistance to
Ara-C in AML-rearranged leukemia, such as gene silencing of several repair systems as well as P53 and
ribosomal genes. In addition to upregulation of CDA enzyme involved in the metabolism of Ara-C as well
as several lysosomal and Hox genes. Besides, we performed simulation of CD38-membrane models and
its modulation with Ara-C to provide useful information of AML drug resistance.
Financial Support: FAPESP and CNPq
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Theonella sp is a marine sponge and an important source of structurally–diverse and biologically–active
3-alkylpyridine alkaloids (3-APAs) and this class of compounds has shown a wide variety of promising
biological effects. In the present work, two new 3-APAs were synthesized. These new Theoneladin C
analogues, containing the thiocyanate group in their chemical structures, were synthesized and evaluated
about its cytotoxicity against human cancer cell lines employing the MTT assay. The cell lines HeLa, RKOAS45-1 and WI-26 VA4 were used and one of the compounds assayed presented an interesting selectivity
and high toxicity to the human colon cancer cell line RKO-AS45-1. Considering this selectivity, to better
understand the mechanisms responsible for the toxicity, a variety of genotoxicity assays were performed
in vitro. The Ames assay was performed with TA98 and TA100 strains of S. typhimurium, with and without
metabolic activation. Besides, the cytokinesis-block micronucleus assay and the comet assay were
performed with RKO-AS45-1 cell line. In addition, the annexin-V/propidium iodide staining was carried out
to evaluate the cell death mechanisms triggered by these synthetic alkaloids. The compounds were not
mutagenic in none of the conditions employed in Ames assay. However, the micronucleus assay showed
that both synthetic 3-APAs induced chromosomal mutations in RKO-AS45-1 cell line. Nevertheless, in
Comet assay was observed that the compounds assessed did not induced chromosomal breaks in this
cell line. The annexin-V/propidium iodide staining showed that both compounds triggered cell death by
apoptosis. These results shows that the synthetic alkaloids assessed herein probably were mutagenic
and cytotoxic by inducing chromosomal mis-segregation and trigger cell death by apoptosis. These results
demonstrate that both compounds studied may be promising prototypes of anticancer chemotherapeutic
agents. Additional, complementary studies are required to better understand the mechanisms leading to
DNA damage and cell death and those governing the selectivity to the RKO-AS45-1 cell line.
Financial Support: FAPEMIG and CNPq
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Three-dimensional (3D) structures, scaffolds, have been widely studied in the area of reconstruction of
bone defects, since these materials have provided promising results in the field of tissue engineering.
In this context, poly-ɛ-caprolactone polymers (PCL), and poly-ɛ-caprolactone functionalized with fibroin,
bioactive glass and incorporated with oxypatite doped with 20% lanthanum (PLC/La20OAP) were
developed by the Institute of Chemistry of Arararaquara, UNESP), for use in bone repair. The objective
was to evaluate the cytotoxicity by clonogenic survival (CS) and XTT assays, genotoxicity (Comet Assay
- CA) and mutagenicity (Cytokinesis-block Micronucleus assay - CBMN) of PCL and PLC/La20OAP.
Eluates were made using the materials according to ISO 10993-12, in four concentrations (100%, 75%,
50%, 25%). CHO-K1 cells were seeded in 24 well plates (CS, XTT and CA) or in 25 cm2 culture flasks
(CBMN). As positive control, doxorubicin hydrochloride was used for XTT, CS and CBMN assays and
hydrogen peroxide was used for CA. Cells with no treatment were used as negative control (NC). For
CS, the number of colonies counted in the NC was considered as 100%. For XTT, a colorimetric reading
was performed using a spectrophotometer, the absorbance was measured at 492 nm, and the cell
viability was calculated. The percentage of DNA in the Tail and Tail Moment were used to measure the
genotoxicity (CA). The frequencies of binucleated cells with micronucleus (FBMN) and micronucleus
(FMN) were analyzed (CBMN). Three independent experiments were conducted. Statistical analysis
was performed using ANOVA, followed by the Tukey and Dunnett’s test, and Kruskall Wallis followed by
Dunn’s test (p>0.05). The cellular viability (XTT) of the materials did not present a statistically significant
difference compared to the NC. The materials did not show late cytotoxicity (CS). PCL was not genotoxic.
However, PLC/La20OAP was genotoxic at concentrations of 100% and 75% (p<0.05; Dunn’s). Only the
concentration of 100% of PLC/La20OAP was mutagenic (p<0.05; Dunnett’s), the other concentrations of
PLC/La20OAP and PCL were not mutagenic. It was concluded that PLC/La20OAP was not cytotoxic in
CHO-K1 cells and it presented genotoxic and mutagenic effect only in higher concentrations.
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The biodiversity of the Brazilian flora is very broad, and several native Brazilian medical plant species
have a long tradition of use, with great phytotherapeutic potential. Copaiba oil, extracted from trees
of the genus Copaifera (Fabaceae- Caesalpinioideae), has become very important in Brazilian Natural
Medicine. Oleoresins from different Copaifera species display antimicrobial and anti-inflammatory
activities. Copaifera reticulata is a tree distributed throughout the Amazon region which contains an
oleoresin rich in sesquiterpenes and diterpenes, with β-caryophyllene as the major compound. However,
considering that in many cases, people do not realize that treatments based on natural products can
cause serious risks to their health, the aim of the present study was to determine the mutagenic effects
of the oleoresin extracted from the trunk of Copaifera reticulata, due the widespread consumption of
oleoresins of the genus Copaifera by the population. Mutagenic activity was evaluated by the Salmonella/
microsome assay (Ames test), using the Salmonella typhimurium tester strains TA98 and TA97a (detect
frameshift mutations), TA100 (detect base-pair-substitution mutations) and TA102 (normally used to detect
mutagens that cause oxidative damage and base-pair-substitution mutations), with (+S9) and without (−
S9) metabolization, by the preincubation method, in five concentrations, varying from 6.25 to 100 µg/
plate. The results showed that Copaifera reticulata oleoresin did not induce an increase in the number
of revertant colonies relative to the negative control, indicating absence of mutagenic activity, under the
conditions used. The detection of genotoxicity is highly advisable, so as to avoid the risk of genotoxic
exposure to mutagens and carcinogens. So, the careful study of medicinal plants should be encouraged,
because while many beneficial properties are confirmed or discovered, as shown here, some species
may pose risks to users. Regarding the use of copaiba oil in the Amazon’s traditional medicine, especially
as anti-inflammatory ingredient, in ulcers healing, and in scarring and for leishmaniasis, the absence of
mutagenic effects in bacterial systems is highly relevant. These results contribute to valuable data on the
safe use of medicinal plants. However, further investigations exploiting mutagenesis mechanisms should
be conducted.
Financial Support: FAPESP and CNPq (Brazil)
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Desflurane is one of the newest inhaled halogenated anesthetics used in anesthesiology and has
recently been introduced in Brazil. Literature is scarce regarding possible toxic effects of desflurane
in relation to oxidative stress concerning the macromolecules deoxyribonucleic acid (DNA), lipids and
proteins. Thus, it is important to determine whether desflurane anesthesia has deleterious effects at
molecular and systemic levels. Then, the aim of this clinical study was to evaluate oxidative stress in 20
patients without comorbidities, of both sexes, who underwent minor surgery (septoplasty) lasting at least
90 minutes anesthetized with desflurane. Patients enrolled in the study received desflurane anesthesia
(6%), and blood samples were collected before anesthesia (baseline), 90 minutes after the beginning
of inhalation anesthesia, and on the morning of the postoperative first day. The oxidative damages in
DNA were evaluated by the modified comet assay; in lipids were evaluated by the 4-hydroxynonenal (4HNE) detected by immunoassay; in proteins were evaluated by protein carbonyls using immunoassay,
and antioxidant defense was analyzed by the Ferric Reducing Antioxidant Power (FRAP) detected by
spectrophotometry. Patients anesthetized with desflurane showed increase of 4-HNE, a lipid peroxidation
marker, on the following day of the surgery compared to the baseline (p = 0.03). On the other hand, there
were no statistically significant differences on markers of oxidative damage in DNA or protein carbonyl, or
FRAP (p > 0.05) among the evaluated time points. The findings suggest that desflurane anesthesia can
induce lipoperoxidation on the following day after minimally invasive surgery in healthy patients. Further
investigations are needed to evaluate possible mechanisms of oxidative stress induction after desflurane
anesthesia.
Financial Support: São Paulo Research Foundation - FAPESP (grant #2013/16842-0), CAPES and
CNPq, Brazil.
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Cancer is a disease that has become a major public health problem, and its incidence has increased
significantly in the last decades. Many endogenous and exogenous factors increase the risk of developing
tumors. Currently, cancer treatment strategies are based on chemotherapy, radiation therapy and surgery.
The use of chemotherapy is the current choice for the treatment of metastatic tumors, since they are able
to reach all organs of the body through the systemic circulation. Cisplatin is an antineoplastic widely used
for the treatment of cancer in both adults and children, including the treatment of lung, gastrointestinal
and genito-urinary cancers. However, the discontinuation of treatment with this drug is often necessary
because of the adverse reactions. Therefore, the studies of new metals with more efficient antitumor
property, with minor side effects such as those caused by cisplatin, have been intensified. For this purpose,
the studies have been carried out with ruthenium, which is a transition metal belonging to the same
family of platinum and with a chemical structure similar to iron. In this context, the present study aimed
to evaluate the antitumor efficiency of two ruthenium (II) complexes containing naphthoquinones, one
with lapachol and other with lausone, the syngeneic murine B16/F10 tumor model. At the time the mice
showed a tumor with a size of 100 mm3, they were treated subcutaneously with cisplatin or with ruthenium
(II) complexes at dose of 5 mg/kg for five days. The antitumor activity was evaluated through the weight
of tumors. The results obtained in the present study showed that both ruthenium complexes significantly
reduced the tumor weight. The results contribute to the development of new ruthenium (II) complexes for
cancer chemotherapy, making its use more effective and less toxic in future clinical applications.
Financial support: Prosup-CAPES, Fapesp.
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In recent years, there has been a growing interest in folk medicine, with the use of natural products for
the control of diseases. Consequently, there was an increase in the number of herbal medicine, to obtain
cheaper compounds with effects similar to traditional drugs. Found mainly in the biomes of the Amazon
basin and the cerrado, the “copaibeira”, as it is popularly known, is a tree belonging to the Copaifera
genus, family of legumes. Although widely marketed and used by the population for the most varied
purposes, Copaíba oil still leaves doubts as to its efficacy and safety. In this context, the aim of this study
was to investigate the mutagenic activity of oleoresin extracted from the trunk of Copaifera pubiflora by
the Ames test. In this study, the Ames test was performed using TA98, TA100, TA97 and TA102 strains
of Salmonella typhimurium in the absence (-S9) and presence (+S9) of metabolic activation system, in
five concentrations, varying from 12.5 to 200 µg/ plate. The results obtained showed that C. pubiflora
oleoresin did not induce any increase in the number of revertant colonies relative to the negative control,
indicating the absence of mutagenic activity. The absence of mutagenic effect by this oleoresin against S.
typhimurium bacterial strains in the Ames test is highly relevant, and is a positive step towards ensuring
its safe use in medicine. However, further pharmacological and toxicological investigations are necessary
to determine the mechanism(s) of action to guarantee their safer and more effective application to human
health.
Financial Support: FAPESP and CNPq (Brazil)
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NO EFFECT OF SILIBININ ON RASSF1, PLK1 AND SRC GENE EXPRESSION IN
BLADDER CANCER CELLS WITH DIFFERENT TP53 STATUS
Pereira G1, Barbosa LC1, Barros TM and Da Silva GN
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Bladder cancer, due to high recurrence rates that require clinical routine and cytopathological monitoring
(urinary cytology and cystoscopy), is one of the tumors with highest cost to health systems. The
chemotherapeutic protocols including the combinations of drugs methotrexate, vinblastine, doxurubicin
and cisplatin (protocol known as MVAC) and gemcitabine and cisplatin are the most used but may
have severe side effects such as high toxicity. Thus, the study of alternative treatments, especially the
identification of compounds with antineoplastic potential isolated from natural products such as silibinin
(wild artichoke), has received special attention. Moreover, previous results obtained by our research group
showed antiproliferative effects of silibinin on bladder tumor cells. Although the effects of this compound
on the cell cycle and apoptosis in some tumor cell types have been described, the molecular mechanisms
involved in the observed changes after treatment with silibinin were not completely elucidated, especially
when comparing cells with different status TP53 gene (one of the main genetic alterations found in bladder
tumors). The SRC gene is often inhibited in bladder cancer and the restoration of its expression inhibits
the proliferation, migration and invasion. The PLK1 gene is involved in the regulation of cell growth, cell
proliferation and senescence. The RASSF1 gene is a tumor suppressor gene. Therefore, the aim of this
study was to characterize molecular events such as gene expression, using RTq-PCR, in two bladder
tumor cell lines with the wild-type and mutated TP53 gene after treatment with silibinin. No modulation
in the expression of the genes studied was observed in both cell lines. In conclusion, cellular changes
caused by silibinin may be not related to the modulation of pathways dependent of RASSF1, PLK1 A and
SRC genes.
Financial Support: Fapemig (APQ-01497-14), CNPq – (441836/2014-3) and Universidade Federal
de Ouro Preto (23109.003209/201698).
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POLYMORPHISMS IN GLUTATHIONE-RELATED GENES MODIFY LEAD (Pb)
CONCENTRATIONS AND ANTIOXIDANT STATUS IN WORKERS EXPOSED TO THE
METAL
Devóz PP1, Gomes WR1, Luiz, BLC1, Grotto Denise2, Batista, BL3, Barbosa Jr. F1; Barcelos, GRM4
1.

Department of Clinical Analyses, Toxicology and Food Sciences, School of Pharmaceutical Sciences
of Ribeirão Preto, University of São Paulo, Ribeirão Preto, São Paulo, Brazil.

2.

University of Sorocaba, Sorocaba, São Paulo, Brazil.

3.

Center of Natural and Human Sciences, Federal University of ABC, Santo André, São Paulo, Brazil.

4.

Department of Biosciences, Institute of Health and Society, Federal University of São Paulo, Santos,
São Paulo, Brazil.
Email: gustavo.barcelos@unifesp.br

Individual susceptibility to the toxic effects induced by the exposure to lead (Pb) may be determined by
several variables, such as environmental characteristics, as well as intrinsic and related features which are
hypothetically associated to genetic differences in enzymes metabolizing the metal. Moreover, Pb induces
oxidative stress in experimental models but little is known about its effects on humans. In this context, the
aim of the present study was to evaluate the effects of polymorphisms of glutathione (GSH)-genes related
to antioxidant status and Pb metabolism (GCLC, GCLM; rs17883901 and rs41303970) on Pb levels in
blood (B-Pb) and plasma (P-Pb), as well as Pb-related effects on activity of glutathione-peroxidase (GPX)
and GSH concentrations. A cross-sectional study with 236 adults (men, >18 years old) was carried out
from automotive battery factories, in Paraná State, Brazil. B-Pb and P-Pb were determined by ICP-MS;
GPX and GSH in total blood were determined by spectrophotometry and qPCR TaqMan assays were
used for genotyping. A questionnaire was applied in order to collect socio-demographic, lifestyle and
health information and time of exposure (working time). This study was approved by Ethics Committee
of the School of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo, Brazil. Statistical
analyses included nonparametric correlations and multivariable linear regression models (adjusted for
age, time of work, smoking and alcohol consumption). Mean B-Pb was 211 ± 118 µg/L and P-Pb was
6.05 ± 7.13 µg/L. GCLM are associated with changes of B-Pb and P-Pb; individuals who carry at least
one polymorphic allele for GCLM gene had lower metal levels in the blood and plasma (β=-1.5; p=0.0080;
β=-0.12 and p=0.050). Also, it can be observed that individuals carrying at least one polymorphic
allele for the GCLC gene have higher concentrations of GSH than those that are not variants for this
polymorphism, as a function of B-Pb (β=0.072; p=0.029). Significant associations were also observed
with GCLC polymorphism on GSH concentrations (as a function of P-Pb), that is, polymorphic individuals
tended to have higher concentrations of this tripeptide than non-polymorphic ones (β=0.072; p=0.030),
while those individuals who are polymorphic for GCLM had higher activities of GPX, when compared to
non-variant genotype (β=0.19; p=0.028). Taken together, our data indicate that polymorphisms related to
Pb toxicokinetics may modify the metal body burden and Pb-related antioxidant effects.
Financial Support: Authors thank the São Paulo Foundation Research (FAPESP; Grant #2013/060338; 2014/24981-3) and the Coordination for the Improvement of Higher Education Personnel (CAPES)
for financial support.
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CYTOTOXIC ACTIVITY OF ORGANIC WHOLE GRAPE JUICE AND IODINE-131 IN HUMAN
HEPATOMA CELLS (HepG2/C3A) IN VITRO
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The radioisotope iodine-131 (I-131), which emits beta particles and gamma radiation, is widely used
in the diagnosis and therapy of thyroid gland and in the treatment of hepatocellular carcinoma. The
identification of effective radiotherapeutic non-toxic substances, easily available and that can act
efficiently in reducing the incidence of cancer is a promising alternative in cancer therapy. The whole fox
grape juice (Vitis labrusca L.) presents its concentration and natural composition, with high content of
bioactive compounds, such as flavonoids, polyphenols, anthocyanins and resveratrol. Thus, the objective
of this study was to evaluate the cytotoxic effects, by the MTT assay of the whole juice of organic grapes,
exposed or not exposed to the type C ultraviolet radiation (UV-C), and I-131 on human liver tumor cells.
For these tests, HepG2/C3A cells (105/mL) were seeded in 96-well plates for 24 and 48 hours), evaluating
different concentrations of juices (10 to 100 µL/mL) and I-131(0.1 to 200 µCi/mL). Three independent
experiments were performed and the results were submitted to analysis of variance followed by Dunnett’s
test (α=0.05). The results showed that all juices exhibited antitumor activity for HepG2/C3A cells, reducing
mitochondrial activity as well as cell viability. The radioisotope I-131 also showed a cytotoxic effect on
HepG2/C3A cells in concentrations over 50 µCi/mL after 24 and 48 hours of treatment. Thus, the data
support the use of whole grape juices with nutraceutical potential, particularly those juices from the
organic production systems which employ food production techniques that add nutritional value, such
as post-harvest exposure to UV-C, that stimulates the production of anthocyanins and resveratrol, which
can be consumed as coadjuvants in the treatment of hepatocellular carcinoma with radionuclide I-131.
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CYTOTOXIC EFFECT OF THE ORGANIC WHOLE GRAPE JUICE AND THE RADIOACTIVE
IODINE-131 IN HUMAN LUNG FIBROBLASTS
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The radioisotope iodine-131 (I-131), which emits beta particles and gamma radiation, is widely used in
the diagnosis and therapy of thyroid gland. Considering the ionizing radiation emission, it leads to the
formation of free radicals, which can result in the loss of non-tumor cell integrity. Thus, it is important
to investigate non-toxic radioprotective substances, with easy availability and that can act effectively
in reducing the adverse effects of conventional radiotherapy. In this sense, there are the fruits with
high antioxidant potential, such as fox grapes (Vitis labrusca L.), which possess several nutritional,
pharmacological and therapeutic benefits. Thus, the objective of this study was to evaluate the cytotoxic
effects by the MTT assay of whole juices of organic grapes, exposed or not to ultraviolet radiation (UV-C),
and I-131, on non-tumoral human lung cells (MRC-5). For these tests, MRC-5 cells (105/mL) were seeded
in 96-well plates for 24 and 48 hours, evaluating the cytotoxicity of different concentrations of juices (10
to 100 µL/mL) and I-131 (0.1 to 200 µCi/mL). Three independent experiments were performed and the
results were submitted to analysis of variance followed by Dunnett’s test (α=0.05). The results showed
that all concentrations of juices were not cytotoxic to MRC-5 cells, particularly after 48 hours of treatment.
The stimulation of cell proliferation was observed at 24 hours for the whole grape juice exposed to UV-C
radiation. All concentrations evaluated of the radioisotope I-131 were cytotoxic for MRC-5 cells after
48 hours. Thus, the data support the consumption of whole juices of organic grapes with nutraceutical
potential, with the indication that they do not have cytotoxic activity for human normal cells, protecting
them from damage caused by ionizing radiation.
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CITOTOXIC AND MUTAGENIC EVALUATION OF PYRIPROXYFEN, A NOVEL LARVICIDE
USED TO Aedes aegipty CONTROL
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Introduction: Recently it was released a new larvicide called Pyriproxyfen, which is used in water tanks
against Aedes aegipty. Because of the microcephaly outbreak occurred in various regions of Brazil, it was
raised the hypothesis that the indiscriminate use of the larvicide could be associated with microcephaly,
regardless the Zika virus. Objective: Given the lack of studies showing the risks of using Pyriproxyfen
for the human population as well as its genotoxic effects, our study aimed to evaluated the cytotoxic
and mutagenic potential of Pyriproxyfen through the Allium Cepa test system. Method: We used a
concentration of 10 mg/ml (recommended concentration), and two additional concentrations of 5 mg/ml
and 0.5 mg/ml. They were evaluated in three different exposure times (24, 48 and 72 hours) for the Allium
cepa test. Results: The results showed that the concentrations of 0.5 and 10 mg/ml were cytotoxic in 48
and 72h, and the concentration 5 mg/ml in 24 and 72h. For DNA damage, the concentration 0.5 mg / ml
proved to be mutagenic in 72h, 5 mg/ml were mutagenic in 48h and the 10 mg/ml was mutagenic in 24
and 48h. Larvicides contribute to economic growth and pest control, but also are responsible for many
cases of poisoning and genetic diseases in humans, such as cancer. The Pyriproxyfen caused mitotic
cycle inhibitions, and genetic instability through DNA breaks, losses and chromosomal delays which
may favor the emergence of cancer in humans (health workers, farmers and the general population).
Conclusion: Therefore, it is concluded that even at low and permitted concentrations, pyriproxyfen, is
able to induce DNA damage, enhancing the importance of constant evaluation through toxicological and
genetic studies of new efficient larvicides potentially harmful to humans. Nevertheless, further studies are
needed to elucidate the risk of birth defects of Pyriproxyfen in animal systems, such as mice.
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CYTOTOXICITY AND MUTAGENICITY OF THE HYDROALCOHOLIC EXTRACT OF
Poincianella pyramidalis IN AN ANIMAL AND VEGETAL TEST SYSTEM.
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Introduction: Poincianella pyramidalis is an arboreal species, endemic to the Caatinga, and widely
distributed in Brazilian semiarid region. This plant is commonly used in folk medicine for treating several
types of human diseases, but with few studies regarding its toxicological effects. Objective: The aim of
the study was to evaluate the cytotoxic and mutagenic activities of P. pyramidalis stem bark hydroalcoholic
extract using two test systems: plant (Allium cepa test) and animal (micronucleus test in peripheral
blood and bone marrow in Mus musculus). Method: Three concentrations (0.1 mg / ml, 0.2 mg / ml
and 0.5 mg / ml) with different exposure times (24, 48 and 72 hours) were evaluated for Alium cepa and
Micronucleus test. For Femural bone marrow test, the samples were collected on the last day (72hs). The
variables analyzed were: root size (RS) for toxic effect analysis; Mitotic index (MI) and relation between
polychromatic and normochromatic erythrocytes (EPC / EPC + ENC) for cytotoxic effect analysis;
Chromosomal aberrations (CA) and micronuclei frequency (EPCMN%) for mutagenicity. Results: The
results showed statistically significant differences for RS, MI, but not for AC, when compared to negative
control (NC), indicating toxic and cytotoxic effects in plant cells. Regarding animal test system, the extract
showed cytotoxicity in peripheral blood cells at the two highest concentrations at exposure times (ET)
of 48 and hours. Moreover, mutagenicity was found only at the concentration of 0.1 mg/ml in ET of
72 hours. For femoral bone marrow analysis, the extract presented cytotoxic effect in the two highest
concentrations. No mutagenic effects were observed for femoral bone marrow test. Our study showed
that the hydroalcoholic extract of P. pyramidalis was toxic and cytotoxic to plant and animal cells, but
without significant mutagenic effects. Conclusion: P. pyramidalis extract presented important toxicogenic
effects, with emphasis on the anti-proliferative activity, making it suitable for studying antitumor activity.
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ASSESSMENT OF MUTAGENICITY Copaifera duckei OLEORESIN BY THE BACTERIAL
REVERSE MUTATION TEST (AMES TEST)
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The Copaiba oleoresin, obtained from the trunk of several Copaifera L. species (LeguminosaeCaesalpinoideae), is widely used as a popular medicine, through topical and oral administration. It has
various ethnopharmacological indications, including: to treat throat, urinary and pulmonary infections,
to heal cutaneous ulcers and to serve as an antiseptic. This oleoresin is a solution of diterpenoids,
especially, mono- and di-acids, solubilized by sesquiterpene hydrocarbons. The sesquiterpenes and
diterpenes (labdane, clerodane and kaurane skeletons) are different for each Copaifera species and
have been linked to several reported biological activities. Many studies have been performed in order to
confirm these properties scientifically, and validate the widespread use of this oleoresin and its various
pharmacological activities. Nevertheless, there are no reports related to its possible mutagenic effects of
oleoresin extracted from the trunk of C. duckei by Ames test. The Ames test uses bacteria as sensitive
indicators of DNA damage, and a rat liver homogenate (S9 microsomal fraction) for metabolic conversion
of carcinogens to their active mutagenic forms. In this study, the Ames test was performed using the
preincubation methodology with TA98, TA100, TA97 and TA102 strains of Salmonella typhimurium in
the absence (-S9) and presence (+S9) of metabolic activation system, in five concentrations, varying
from 1.56 to 50 µg/ plate. According to results obtained, C. duckei oleoresin no induced any increase in
the number of revertant colonies on the strains tested, either in the presence or absence of metabolic
activation, indicating the absence of any mutagenic activity. Although many compounds derived from
plants have considerable pharmacological activities, some undesirable properties such as mutagenicity,
carcinogenicity and toxicity may restrict their use as therapeutic agent. Thus, it is extremely important that
does a detailed assessment about the safety even when the species has known popular use.
Financial Support: FAPESP and CNPq (Brazil)
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BCL2 AND MIR-181a TRANSCRIPTIONAL ALTERATIONS IN UMBILICAL CORD BLOOD
CELLS AS A PUTATIVE BIOMARKER OF OBESITY
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Obesity is a complex disease associated to various metabolic disorders. Several findings suggest
that in utero stressor stimuli can alter fetal development by promoting transcriptional changes, and
predisposing the neonate to diseases later in life. This study aimed to investigate whether hyperglycemic
environment in women with gestational diabetes mellitus (GDM) is able to cause fetal genetic alterations
and predispose neonates to obesity. Transcriptional alteration of SIRT1, TP53 and BCL2 genes, miR181a (a SIRT1 regulator) and telomere length were investigated in placenta and umbilical cord blood
cells. For that, healthy (HP; n=20) and GDM (n=20) pregnant women and their respective neonates
were recruited. Additionally, obese (n=20) and eutrophic (n=20) adults were also included in the study as
reference populations. Data showed down-regulation of BCL2 and miR-181a in umbilical cord blood cells
of the GDM neonates. BCL2 was also down-regulated in peripheral blood cells from obese adults. No
significant differences were detected in the telomere length in all tissues evaluated. In conclusion, GDM
promoted transcriptional alterations in BCL2 gene and in miR-181a in umbilical cord blood cells, which
may interfere in immune response and increase inflammatory process. Both GDM neonates and obese
subjects shared the same transcriptional alteration in BCL-2. Perhaps, BCL-2 and miR-181a could be
included in a set of candidate biomarkers of children obesity.
Financial Support: FAPESP and CNPq
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KAURENOIC ACID INDUCES DNA DAMAGE AND APOPTOSIS IN MCF-7 CELL LINE
Teodoro JP1, Souza AR1, Olimpio T1, Castro MSS1, Cano BL1, Ambrosio SR1 and Santos RA1
1.

Laboratory of Genetics and Molecular Biology, University of Franca - UNIFRAN, Franca, S.P.
E-mail: raquel.santos@unifran.edu.br
Key-words: kaurenoic acid, breast cancer, DNA damage, apoptosis, cell cycle

Kaurenoic acid (KA) is a kaurane-type diterpene with a great number of biological activities described.
In the present study the genotoxic and cell death effects of KA were evaluated in the tumoral cell line
MCF-7. For all experiments, cells were plated and treated for 24 h with different concentrations of KA.
The cytotoxicity of KA was determined by XTT, propidium iodide (PI) and clonogenic survival assays.
The genotoxicity was determined using comet assay after treatments with 25, 50 and 100 µM. Cell cycle
kinetics and apoptotic cell death were determined by flow cytometry. The results indicated that KA, in
concentrations higher than 62,5 µM, significantly reduced the cell viability as demonstrated by XTT and
PI assays. At 50 and 100 µM, KA significantly reduced the frequency of counted colonies obtained by
clonogenic survival assay in MCF-7 cells (72.1 and 59.3%, respectively). Tail intensity obtained by comet
assay was significantly higher in cells treated with 50 and 100 µM (12.1 and 16.7) than in the negative
control (8.9). Cell cycle analysis demonstrated G1 accumulation in response to KA treatment at 50 e
100 µM. The results also demonstrated the induction of apoptotic cell death 24 h after treatment with 50
(49.5%) and 100 µM (67.5%) of KA. Taken together, the present results demonstrated the induction of
DNA damage by KA associated with cell cycle arrest and apoptotic cell death.
Financial Support: FAPESP (2011/13630-7); CAPES; UNIFRAN
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CYTOTOXICITY OF RADIOPAQUE SCAFFOLDS FOR USE IN BONE REPAIR
Zaniboni JF1, Coelho F2, Saska S3, Christovam L4, Ribeiro SJL4, Lucas AA5, Scarel-Caminaga RM1
and Capote TSO1
1.

São Paulo State University (UNESP), School of Dentistry, Araraquara, SP, Brazil

2.

São Paulo State University (UNESP), School of Pharmaceutical Sciences, Araraquara, SP, Brazil

3.

University of São Paulo (USP), Institute of Chemistry, São Paulo, SP, Brazil

4.

São Paulo State University (UNESP), Institute of Chemistry, Araraquara, SP, Brazil

5.

Federal University of São Carlos (UFSCar), São Carlos, SP, Brazil
Email: ticiana@foar.unesp.br
Key-words: citotoxicity, scaffolds, bone repair

Porous three-dimensional structures (scaffolds) are gaining considerable space for reconstruction of bone
defects. Scaffolds made of poly(hydroxybutyrate-co-valerate) (PHBV) and PHBV-radiopaque apatite
(PHBV-La20OAP) were developed by the Institute of Chemistry Araraquara - UNESP by the additive
manufacturing method (3D printing). In recent years, PHB has being emerged over other resorbable
polymers, however because of certain disadvantages, polyhydroxyvalerate has been added to improve the
ductility and processability of the polymer and therefore PHBV has been widely researched for biomedical
applications. Lanthanum (La), a rare earth element allowing radiopaque characteristics, was used in
order to allow a clear view on radiographs, in order to facilitate the diagnosis by images. The objective
was to evaluate the cytotoxic potential of materials: PHBV and PHBV-La20OAP by XTT and clonogenic
survival assays (CS), for potential application in tissue engineering for bone repair. CHO-K1 cells were
seeded (2 × 104 - XTT, 4 × 104 - SC) in 24-well plates. Eluates were prepared with PHBV and PHBVLa20OAP according to ISO 10993-12 at different concentrations (100%, 75%, 50%, 25%) maintained in
contact with the cells for 24 hours. Eluate without cells were used as negative control (NC). Doxorubicin
was used as positive control for the XTT (3μg/mL) and CS (0,3μg/mL). For XTT, the absorbance was
measured at 492 nm, and the cell viability was calculated. For CS, 150 cells were subcultured in 25 cm2
flasks and after 7 days they were fixed and stained for counting the colonies. The number of colonies
in NC was considered as 100% and surviving fraction (SF) was calculated. Parametric statistical tests
(Tukey and Dunnett) with 5% significance level were used. The eluates showed no cytotoxic effects since
they did not affect cell viability (XTT) and the proliferative capacity of the cells was not impaired (CS), with
no statistically significant difference between treatments and NC (p>0.05; Dunnett’s). It was concluded
that the scaffolds of PHBV and PHBV-La20OAP were not cytotoxic to CHO-K1 cells. Therefore, other tests
may be carried out to verify the safe use of these materials.
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CYTOGENETIC DAMAGE IN POPULATIONS WITH METHYLMERCURY EXPOSURE FROM
FISH CONSUMPTION OF COLOMBIAN CARIBBEAN
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Mercury (Hg) is a recognized environmental contaminant since the Minamata disaster in the late 1950s.
Hg contamination is directly related to mining and gold mining is responsible for most Hg pollution in
developing countries. Chronic exposure to relatively low doses of Hg, especially by fish consumption,
seems to activate several mechanisms that, potentially, lead to carcinogenic and / or teratogenic
processes. Despite its well-known neurotoxicity and teratogenicity, the genotoxic effects of mercury on
humans are not completely defined yet. In the present study, to assess whether dietary exposure to
methylmercury (MeHg) leads to an increase in cytogenetic damage, human peripheral lymphocytes
cells were analysed using the cytokinesis-block micronucleus cytome assay (CBMN-cyt) parameters
in populations with contaminated fish intake. Aditionally, to elucidate the mechanism of micronucleus
formation, an anti-kinetochore antibody (CREST staining) was used to distinguish CREST+ MN from
those CREST-. Correlation between cytogenetic damage and consumption of some fish species known
to be especially contaminated by MeHg was also assessed. The study population comprised 112 healthy
subjects, 39 residents in the municipality of Cotorra considered as non-exposed, and 73 residents of
different areas around gold mining zones with evidenced Hg polluted water bodies. Data showed a
significant increase (p-value ≤ 0.05) in micronuclei (5.54 ± 3.98), nucleoplasmic bridges (1.11 ± 3.96)
necrotic (46.66 ± 26.30) and apoptotic (27.42 ± 20.56) frequencies in binucleated cells of individuals with
dietary exposure to MeHg compared to non-exposed individuals. Spearman correlation analysis showed a
significant association between DNA damage frequency and fish intake (g/week) in exposed populations.
No statistically significant increase in CREST+ micronuclei was detected in exposed individuals (18.42%)
compared to the unexposed population (20.91%), supporting the notion that in vivo MeHg exposure has
a clastogenic effect, causing chromatic breaks.
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REDOX STATUS ASSESSMENT IN OCCUPATIONALLY EXPOSED ANESTHESIOLOGISTS
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The occupational exposure to waste anesthetic gases (WAGs) has attracted researchers’ attention due
to the various adverse effects on workers’ health, including genetic damage. The mechanisms by which
volatile anesthetics can cause DNA damage remain unknown. Oxidative stress is related to genotoxicity
and mutagenicity; however, scarce data is available concerning oxidative status of professionals
who work in operating rooms and are chronically exposed to WAGs. Thus, this pilot study aimed to
evaluate oxidation of DNA, lipids, and nitric oxide in anesthesiologists who worked in a tertiary hospital
at Botucatu, Brazil. After approval from the local Ethical Committee, blood samples were collected from
14 health professionals who were allocated, as follows: seven physicians from internal medicine (nonexposed group) and seven anesthesiologists (exposed in average 15 years to the following WAGs:
sevoflurane, isoflurane and nitrous oxide). The groups were matched by age, sex and lifestyle. Oxidative
DNA damage was evaluated in lymphocytes by the alkaline comet assay using the formamidopyrimidine
DNA glycosylase (FPG) enzyme, serum lipoperoxidation was evaluated using the 4-hydroxynonenal
(4-HNE) by immunoassay, and plasma enzymatic oxidation was evaluated by nitrite (NO2) and nitrate
(NO3) by ozone-chemiluminescence. Demographic data did not differ between groups (p > 0.05). No
differences were found between groups for 4-HNE, NO2 and NO3 (p > 0.05). The exposed group showed
a slightly increased oxidative DNA damage when compared with the control group, but this did not reach
significance (p = 0.1). Thus, the findings showed that so far the occupational exposure to WAGs did not
lead to imbalance of redox status. However, it must be considered that we have evaluated only a small
sample size. In the meantime, it is safe to reduce the occupational exposure to WAGs.
Financial support: São Paulo Research Foundation (FAPESP), The National Council for Scientific
and Technological Development (CNPq), and Coordination for the Improvement of Higher Level
Personnel (CAPES), Brazil.
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ALDA-1 DOES NOT MODULATE ALDH2 EXPRESSION IN RAT CARDIOMYOCYTES
AFTER DOXORUBICIN TREATMENT
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Doxorubicin (DOX) is an anthracycline routinely used for treating several human cancers. However, some
studies have shown its dose-dependent and cumulative cardiotoxicity, with a broad spectrum of clinic
symptoms, from arrhythmias to congestive heart failure, a condition with high mortality rate. The widely
accepted mechanism of DOX toxicity is the generation of excessive reactive oxygen species (ROS). DOX
toxicity can be reduced by the aldehyde dehydrogenase (ALDH) present in organs that require elevated
mitochondrial oxidative capacity to generate ATP. At cardiotoxic conditions ALDH2 (mitochondrial isoform)
is dephosphorylated and inhibited, what contributes to oxidative stress, mitochondrial impairment and
apoptosis. This scenario can be changed by Alda-1 interaction with ALDH2, allowing the enzyme to remain
in a state suitable for substrate catalysis. Given the importance of this enzyme on cardioprotection, and
the ability of Alda-1 to increase its activity, this study aimed to investigate the impact of DOX and Alda-1
on ALDH2 gene expression (RT-qPCR) in cardiomyocytes of adult male Wistar rats in vivo, under single
and multiple treatment protocols. The animals were randomly distributed into 4 groups: Control, DOX
(4mg/kg), Alda-1 (8 mg/kg) and DOX + Alda-1. In the acute treatment, a single dose of the drugs was
injected and the animals (n=24) were euthanized 24 hours after intraperitoneal injection (I.P.). For chronic
treatment, rats (n=72) received I.P. injections of DOX and Alda-1 once a week for 4 weeks (cumulative
dose of 16 mg/kg and 32 mg/kg for DOX and Alda-1 respectively). Animals were euthanized one week
after 1st, 2nd and 4th injections (M1, M2 and M4 respectively). Data showed no significant changes in
ALDH2 expression (fold change ≥ 2) between groups under different treatment protocols. In conclusion,
the results indicated that at DOX cardiotoxic conditions ALDH2 overexpression was not a cell protective
response.
Support: FAPESP
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Introduction: Erectile Dysfunction (ED) is defined as a continuous inability to obtain and maintain
erection which is sufficient for a satisfactory sexual intercourse. Several factors are involved with disease
risk and progression, such as increased oxidative stress and reduced nitric oxide production. It has been
shown on the literature that a specific subtype of nitric oxide synthase, the neuronal one (nNOS), is the
most important enzyme for erection start, and that this enzyme coordinates its function with another nitric
oxide synthase, the endothelial one (eNOS). It has been shown that nNOS genetic polymorphisms seem
to impact erectile dysfunction treatment with Sildenafil, however the influence of these polymorphisms on
ED risk is unknown. Objective: to assess whether two genetic polymorphisms of nNOS (rs41279104 e
rs2682826) are associated with ED risk and symptoms intensity. Methods: were enrolled 109 ED patients
from the urology clinic at the Faculty of Medicine of Ribeirao Preto and 99 healthy controls from general
population. All subjects had blood collected for genetic tests and were interviewed. Erectile function was
assessed by the International Index of Erectile Function (IIEF) Questionnaire. Genotyping was performed
by Real Time Polymerase Chain Reaction. Statistical analysis was performed using Chi-squared tests or
Kruskall-Wallis test followed by Dunns post-hoc test. Results: we have found no associations between
rs41279104 e rs2682826 and erectile dysfunction (P=0.595 and P=0.737, respectively). Besides,
polymorphisms were not associated with changes in IIEF score both on patients (rs41279104 p=0.840;
rs2682826 p=0.455) nor on healthy controls (rs41279104 p=0.542; rs2682826 p=0.209). Conclusion:
nNOS polymorphisms rs41279104 and rs2682826 are not associated with ED risk, nor with the intensity
of disability.
Financial Support: CAPES, CNPq, FAPESP
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MUTAGENICITY OF THE METABOLITES OF ENDOPHYTE Fusarium verticillioides IN
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Corn is a cereal of extreme importance in human and animal food, but the high nutritional quality of corn
makes it vulnerable to contamination by toxigenic fungi, including Fusarium verticillioides. This fungus
is responsible for producing many secondary metabolites, such as mycotoxin fumonisin, trichothecene
and zearalenone, metabolic diseases related to numerous diseases, such as leukoencephalomalacia
in horses, pulmonary edema in pigs, hepatic and renal carcinomas in rats and mice, and esophageal
cancer in individuals from China, South Africa and Brazil. Then, this study aimed to evaluate the potential
cytotoxic and mutagenic concentrations of 50, 100 and 200 μg/mL of a mixture of metabolites produced
by the endophytic fungus F. verticillioides, 25* wild strains and transgenic A3, isolated from corn, in Rattus
norvegicus hepatoma cells (HTC), in vitro. For the evaluation of the cytotoxicity, it was performed the
MTT assay. The cells were seeded in 96-well plates at a density of 104 cells/well for 24 hours. For trypan
blue exclusion assay and cytokinesis-block micronucleus (MN) assay, HTC cells were seeded in culture
flasks, with approximately 5x105 cells each and treated with a mixture of metabolites at concentrations of
50, 100 and 200 μg / mL. The assay was performed in triplicate at the time of 24 hours. The visual scoring
was adopted using a Neubauer’s chamber for the exclusion method with trypan blue and mutagenicity
test was analyzed by the standard criteria selection of binucleated cells, MN identification and calculation
of the nuclear division index. The experiments were carried out in triplicate and experimental data was
submitted to statistical analysis of variance (ANOVA), followed by Dunnett’s test (α= 0.05). The results
showed that no concentration of metabolites of wild and transgenic lines was cytotoxic, nor altered HTC cell
viability. However, all concentrations of two strains of F. verticillioides were mutagenic because it induced
a significant formation of micronuclei. These results suggest caution in the use of corn contaminated with
the mixture of mycotoxins of F. verticillioides, which due to their mutagenic potential demonstrated in this
study, in metabolizing cells, can result in serious risks to the health of organisms.
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CITOTOXICITY OF ORLISTAT MEDICATION IN CELL CULTURE 786-O (HUMAN
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Obesity is currently considered a major public health problem, constituting a worldwide epidemic
responsible for a substantial increase in morbidity and mortality. Its prevalence has risen sharply in recent
decades, especially in developing countries and its cause is considered multifactorial and dependent on
the interaction of genetic, metabolic, social, behavioral and cultural factors. The treatment of obesity is
based on physical exercises, changes in eating habits and especially the use of medications, among
them Orlistat, which stands out due to its enzymatic base mechanism, reversibly inhibiting gastric and
pancreatic lipases. The high rate of consumption of Orlistat by the world population, coupled with the
ease of its uncontrolled acquisition and sale, makes it necessary and important to guarantee the health
and safety of consumers, so the objective of this study was to analyze the cytotoxic effects of Orlistat
in cells of kidney cultured in vitro using the MTT assay. Cells were cultured in culture flasks with DMEM
supplemented with 10% fetal bovine serum, kept in a 5% CO2 oven at 37° C. The drug was obtained
from a commercial source, diluted in DMSO, obtaining five different concentrations [0.01, 0.1, 1, 10 and
100 μg/μL]. For the MTT assay 96-well plates were used and 104 cells were seeded in each well. After the
24 hour period, the culture medium was discarded and the treatments added. The cells were incubated
for 24, 48 and 72 hours, after which time the treatments were replaced by MTT culture medium. The
plates were incubated for another 4 hours and the reading was then read on a spectrophotometer. The
experiments were performed in triplicate and the experimental data were submitted to statistical analysis
of variance, followed by the Dunnett test (α = 0.05). The results showed that concentrations of 1, 10
and 100 μg/μL of Orlistat showed cytotoxic effects at 24, 48 and 72 hours, as well as the concentration
of 0.1 μg / μL, which at 72 hours Cytotoxic. The concentration of 0.01 in the three analyzed times did
not present significant cytotoxic effects. These results indicate that Orlistat has a cytotoxic potential on
human adenocarcinoma cells. Further studies with different cell lines and tests such as genotoxicity
should include a broader evaluation of the effects of this drug.
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ANTIPROLIFERATIVE ACTIVITY AND APOPTOSIS INDUCTION OF THE COPPER
COMPLEX [Cu(BTA)phen]ClO4 ON SARCOMA 180
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Metallocomplexes shows many convenient pharmacological properties, such antitumor activity, which
allows their use in medicine. Among metal compounds, copper complexes have advantages related to
their cost and to be a crucial trace element in living organisms. Moreover, another mechanism for copper
complexes involves oxidation–reduction reactions in which they react directly with molecular oxygen to
produce free radicals. Besides that, several clinical trials have shown that many cancer tissues contain
large amounts of copper when compared with normal tissue, suggesting that cancer cells might require
copper for their development. Current studies focus on developing novel anticancer agents that could
selectively induce cell death or inhibit the growth of cancer cells. Previous works of the present group
detected cytotoxic properties of [Cu(BTA)phen]ClO4 in many tumor cell lines. In this context, the aim of
the present study was to better understand the in vitro cytotoxic mechanism of [Cu(BTA)phen]ClO4 on
the murine cell line sarcoma 180. The cell line was cultivated in flasks with RPMI-1640 complete medium
at 37°C and 5 % CO2. Cell cycle assay was conducted by exposition of cells to 1, 10 and 50µM of the
complex, followed by propidium iodide staining and analysis in a flow cytometer. Apoptosis was determined
with Annexin V and 7-Amino-Actinomycin (7-AAD) kit by flow cytometry. Cell cycle analysis indicates that
that [Cu(BTA)phen]ClO4 has antiproliferative properties, since cells were trapped in G0/G1 phase. It was
also observed that this metal complex induces apoptosis, once that it was observed the exposition of the
membrane phospholipid phosphatidylserine from the inner to the outer leaflet of the plasma membrane,
detected by annexin V staining. These results can be related to copper (II) complexes ability to generate
an oxidative stress, inducing ROS generation. This byproduct attacks DNA and cleaves this important
biomolecule, triggering apoptosis pathway. Taken together all these events, [Cu(BTA)phen]ClO4 can be
considered a potential candidate to be used in cancer therapy. Nevertheless, in vitro toxicity mechanisms
should be better understood and in vivo approaches must be performed.
Financial support: UFU and CNPq.
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INVESTIGATION OF THE IN VIVO ANTI-PROLIFERATIVE EFFECTS OF PERILLYL
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Medulloblastoma (MB) is the most common malignant brain tumor in childhood. Currently, this tumors
classified not only according to prognosis and histological features but also as a result of dysregulated
molecular pathways into 4 subgroups: WNT (wingless), SHH (sonic hedgehog), Group 3 and Group
4. The standard treatment consists of maximum surgical resection, followed by local and craniospinal
irradiation, and adjuvant chemotherapy. Nonetheless, the Shh MB subgroup presents variants resistant
to chemotherapy. Perillyl alcohol (POH), a monoterpene found in many plants, has shown favorable
effects for the treatment cancer. The intranasal administration of the POH is considered an extremely
useful noninvasive option for tumors of the central nervous system because of its capacity to cross the
blood-brain barrier. This strategy may also be effective in treating children affected with MB, being more
convenient for them to inhale the drug. Our previous studies showed that in vitro POH reduces proliferation
and increases cell death in pediatric medulloblastoma. Now, our aim was to study the antiproliferative
effects of this drug in subcutaneous and intracranial xenografts models through intraperitoneal and
intranasal administration, respectively. For this purpose, DAOY cells (belonging to the SHH group) were
transfected with lentiviral vectors harboring GFP or Luciferase reporters and injected in nude Balb-c mice.
Tumor growth was dynamically monitored weekly through the in vivo Imaging System (IVIS, Xenogen,
Alameda, CA, USA) during treatment (3 weeks) and during follow up. Diminished tumor growth was
observed in the group of animals treated with POH when compared to controls in the subcutaneous
model. However, this result has not been reproduced in the intracranial model which is still in a stage of
standardization and need better adjustments.
Financial support: FAPESP (2016/08125-5).
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RELATIONSHIP BETWEEN THE ATMOSPHERIC POLLUTION FROM LEATHERFOOTWEAR INDUSTRY AND THE ADENOCARCINOMA SINONASAL: USING CHEMICALBIOLOGY SYSTEMS
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Sinonasal adenocarcinoma is one of neoplasms that put Brazil among the countries which have a high
frequency of head and neck cancer cases of Latin America. This type of cancer is known your rapid
progression and easily produces metastasis. Although it is recognized as an occupational disease and
has your well defined etiology still a little information is known about the molecular basis of this type of
cancer. Sinonasal adenocarcinoma is correlated with exposure to wood dust, leather dust, also metals
like chrome, nickel and formaldehyde. Some of these substances are found in the leather-footwear
sector, this is a very significant sector,in both ways,socially and economically to the State of Rio Grande
do Sul. Thus, the objective of this study was to predict some of the molecular pathways associated with
the genesis and/or the progression of sinonasal adenocarcinoma and its effects on leather-footwear
industry workers, using the tools of systems biology. For this purpose, differentially expressed proteins
in the sinonasal cancer and atmospheric contaminants from leather-footwear sector were prospected
and joined to form a single network of interaction. For data acquisition and formation of the different
networks, mining tools were used as the STRING 10.0 and STITCH 5.0, which link proteins and proteinprotein chemical compounds. The design of binary networks were performed by Cytoscape 3.4.0 version.
The cluster analysis of gene ontology interaction networks was carried out by the Complex Molecular
Detection (MCODE), the Biological Network Gene Ontology (BiNGO) was used for assessment of the
groups of proteins, and CentiScaPe for the analysis of centrality. A network containing 2424 node and
27600 connectors were prospected . Among those, 33 are air pollutants and 27 are proteins present
in Homo sapiens. The clustering analysis indicated 79 modules. Gene Ontology analysis indicated an
association between cluster 2 proteins and cell adhesion process and the cluster 5 protein and the
mechanism of apoptosis. From our analysis it was possible to propose an action’s molecular model of
the air pollutants of this sector in cell adhesion and inhibition of apoptosis and the consequent formation
of sinonasal cancer. In this model, the largest contribution of calcium in the intracellular space is the key
mechanism that triggers the deregulation of cell signaling and indirectly, the blocking of apoptosis and
cell adhesion.

169

XII CONGRESSO da MutaGen-Brasil - 2017
MS 43
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Molecular Epidemiology studies have identified several risk factors linking genes and external factors to
the pathogenesis of breast cancer. In this sense, genetic instability caused by DNA damage and DNA
repair inefficiency are important molecular events for the diagnosis and prognosis of therapies. Therefore,
the objective of this study was to correlate sociocultural, occupational and lifestyle risk factors with levels
of genetic instability in non-neoplastic cells of breast cancer patients. Following ethical protocols, 150
individuals were included in the study, including 50 breast cancer patients submitted to chemotherapy, 50
submitted to radiotherapy and 50 healthy women without cancer. Cytogenetic biomarkers for apoptosis
and DNA damage were evaluated in samples of buccal epithelial and peripheral blood cells through
micronuclei and comet assay tests. Patients between 61 to 80 years had elevated levels of apoptosis
(karyorrhexis and catriolysis) and DNA damage at the diagnosis (baseline damage), with increased
cell damage during chemotherapy and, especially, during radiotherapy. We also reported increased
frequencies of cytogenetic biomarkers in patients who reported exposure to ionizing radiation, as well as
for alcoholism and smoking. Chemotherapy and radiotherapy induced prominent level of fragmentation
(karyorrhexis) and nuclear dissolution (karyolysis) and DNA damage. It was observed a correlation
between age and karyorrhexis at diagnosis; smoking and karyolysis during radiotherapy; and radiation
and karyolysis during chemotherapy. These correlations indicate that risk factors may also influence the
genetic instability in non-neoplastic cells caused to the patients during cancer therapies.
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Breast cancer is one of the most frequent cancer in women worldwide. In Brazil, it is expected
approximately 58.000 new cases every year. Several risk factors are considered in the etiologies of
cancer, including dietary intake, family history and alternative therapies. This study aimed to evaluate
correlations between family history, micronutrients and alternative therapies with genetic instability,
before and during cancer treatment. The study evaluated 150 women, including 50 breast cancer
patients submitted to chemotherapy, 50 submitted to radiotherapy and 50 healthy women without cancer.
Participants signed the Informed Consent Form and answered the public health questionnaire. Samples
of buccal epithelial and peripheral blood cells were analyzed through micronuclei and comet assays.
The cells were evaluated for apoptosis and DNA damage. Family history was associated with increase
in toxicogenetic damage before and during cancer therapy. Patients with late-onset cancer (61-80y)
presented genetic instability before and during therapy, as well as those who reported not to consume
vegetables and use alternative therapies. There were no correlations between family history and genetic
instability. Inverse correlations were observed between genetic instability and vegetable consumption;
and positive, for alternative therapies. The data indicate that nutritional aspects and alternative therapies
have influenced genetic instability before and during cancer therapies, especially for radiotherapy. These
data are important for therapy monitoring and management of breast cancer patients.
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CYTOTOXIC AND GENOTOXIC POTENTIAL OF ZANTHOXYLUM RHOIFOLIUM LAM.
ETHANOLIC EXTRACT FROM CAULIS IN Allium cepa L. TEST
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The use of medicinal plants in the cure of human diseases is an old practice, but it still recruits adherents
all over the world. In the last years, the return to naturalistic practice has been justified by several side
effects brought on by synthetic drugs, as well as by the support that science is giving to herbal drugs. The
species Zanthoxylum rhoifolium Lam, is a shrub of the Rutaceae family used in Brazilian folk medicine for
the treatment of cardiovascular diseases. It also acts as analgesic, anti-inflammatory, anthelmintic and
anti-fungal in addition to its antitumor activity. In order to evaluate the cytotoxic and genotoxic potential of
the Zanthoxylum rhoifolium Lam ethanolic extract from caulis, Allium cepa test was performed according
to protocols widely described in the literature. This genotoxicity test is highly recommended because
of its simplicity, low cost and good correlation with other tests, including mammals’ tests. The ethanolic
extract concentrations defined to the experiments were 0.1; 3; 40; 55; 81; 243 and 729 μg/mL. Statistical
analysis was performed using ANOVA followed by Tukey test (p≤0.05). The results showed a reduction
in the mitotic index (MI) for most of the concentrations tested, except for the lowest (0.1 μg/ mL), where
an increase in the MI was observed, suggesting for this concentration, cell proliferation. On the other
hand, higher concentrations stopped the cell cycle and/or were cytotoxic. Furthermore, no chromosomal
aberrations were observed for any of the concentrations tested. So, it can be concluded that Zanthoxylum
rhoifolium L. ethanolic extract from caulis seems to be cytotoxic, however, not genotoxic, at least in
the concentrations, conditions and test used herein. We emphasize the importance of conducting other
investigations, using other genotoxicological tests with different endpoints and concentrations, to clarify
the interaction of Zanthoxilum roifholium L. species with the genetic material of the cell.
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EFFECTS OF NONMUTAGENIC RUTHENIUM(II) BASED COMPOUNDS, WITH
ANTITUMORAL ACTIVITY, ON THE GENE EXPRESSION IN MDA MB-231 BREAST
CANCER CELLS.
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Transition metal-based compounds have been proposed as potential antitumor activity and antimestastatic
behavior, in particular complexes based on ruthenium. Different studies show that these compounds
presents lower systemic toxicity than the major metallodugs available to cancer treatment. Preliminary
studies reported high cytotoxicity of ruthenium compounds: [Ru(pySH)(bipy)(dppb)]PF6 (1), [Ru(HSpym)
(bipy)-(dppb)]PF6 (2) and [Ru(SpymMe2)(bipy)(dppb)]PF6 (3), against HepG2 and MDA-MB-231 tumor
cells, higher than the standard anticancer drugs doxorubicin and cisplatin. In this study, no mutagenicity
was detected when these compounds were evaluated by cytokinesis-blocked micronucleus cytome and
Ames test in the presence and absence of S9 metabolic activation from rat liver. The three compounds
were able to inhibit the DNA supercoiled relaxation mediated by human topoisomerase IB (Top1), being
compound 3 the most potent Top 1 inhibitor, where a full Top1 inhibition was achieved at 25 µM.
Changes on gene expression of the MDA MB-231 breast cancer cell line by the compound 3 were
analyzed using RT2 Profiler PCR array (Cancer Drug Targets pathway). Compound 3, in a concentration
of 5µM, altered the expression of 43 genes, when compared to non treated cells. Gene related to different
pathways, especially the cell cycle and apoptosis had their expression up or down regulated. These
promising results justify further studies to clarify mechanisms of action of these ruthenium compounds,
in view of evaluate the possible use of these compounds as adjuvant in the treatment of breast cancer.
Financial support: CAPES and FAPESP Processo n°: 2012/21529-7
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IMPACT OF HUWE1 KNOCKDOWN IN HUMAN HEMATOPOIETIC STEM CELLS WITH A
KRAS (G12V) MUTATION
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Acute lymphoid leukemia (ALL) is the most common childhood malignancy. Philadelphia chromosome
(Ph) is present in 5% of childhood cases. Ph positive leukemias express the tyrosine kinase BCR-ABL,
that is responsible for the constitutive activation of RAS pathway and mediates leukemic cells proliferation.
Even with high cure rates, a lot of patients develop resistance to treatment and relapse. Previously
published data suggests association between hyperactivation of RAS pathway and favorable treatment
outcome, pointing to a new research approach. HUWE1 participates in negative feedback mechanism
controlling Shoc2 activity in activation of ERK1/2. Thus, it can be assumed that loss of HUWE1 would
lead to increased activation of ERK1/2 and, therefore, hyperactivation of RAS pathway. To evaluate
the impacts of HUWE1 knockdown in human hematopoietic stem cells with KRAS mutation. CD34+
cord blood cells were transduced with miR-E lentiviral particles for gene knockdown and flow cytometry,
differentiation markers and CFC assays were performed. Co-cultures transduced with both KRAS and
shHUWE1 showed reduction in growth when compared to the ones transduced with shSCR. When
compared to non-transduced cells, all 3 groups presented higher cumulative growth. The cobblestone
area formation follows the same pattern shown by cumulative growth. In sorted co-cultures, after 3 weeks
in culture, non-transduced cells differentiated mainly in granulocytic cells while HUWE1 knockdown
shifted differentiation towards the myelomonocytic cells. In CFC assays, neither colony formation units
(CFU-GM) nor burst-formation units (BFU-E) were strongly affected by knockdown of HUWE1. KRAS
mutant cells were severely impacted in BFU-E formation. Cells showing knockdown of HUWE1 as well as
the KRAS mutation were severely impacted in both types of colony formation units. These results suggest
that HUWE1 has an impact in human hematopoietic stem cell differentiation, besides acting together with
KRAS mutation in events such as proliferation and colony formation capacity.
Financial Support: FAPESP (Process: 2015/12146-5)
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DNA DAMAGE ASSESMENT USING COMET ASSAY IN DAIRY COWS SUBMITTED TO
RUMINAL ACIDOSIS
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Twelve dairy cows without mastitis were selected and grouped by breed type, coat, lactation days, live
weight, , milk production and preferably with stable milk in the 72% alcohol test. All the animals were kept
in confinement. During seven days the animals received a diet composed by 70% voluminous (silage)
and 30% concentrate (i. e. wheat bran), with free access to water (G1). After this period, half of the cows
have received a diet composed of 70% voluminous (silage) and 30% concentrate with oral infusion of
anionic salts during four days (G2). Then the diet was restored to the diet of G1 during seven days.
Blood samples were collected every two days. Peripheral blood mononuclear cells were separated by
a density gradient centrifugation using Ficoll Histopaque. Cell viability was performed using Trypan
Blue and only samples with viability ≥80 % were selected for DNA damage analysis. Alkaline comet
assay was performed with the standard method and with the use of the enzyme formamidopyrimidine
DNA glycosylase (FPG). Until now only two cows of each group were analyzed. The damage score was
0,84 in both groups in G1 and 1,01 in control and 1,16 in G2 after 24h of acidosis induction. There were
no significant differences between damage score of the control and the acidosis group using standard
method and with FPG treatment when both groups received the same diet and after one day of acidosis
induction. Further analyzes need to be performed for the other tem eight animal and days of experiment.
Financial support: FAPESC, UDESC.
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INVESTIGATION OF CYTOTOXIC POTENTIAL AND CYTOPROTECTOR OF VANILIC ACID
IN HEPATOCELLULAR CARCINOMA CELLS (HepG2/C3A)
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Phenolic acids are widely distributed in plants and have many biological activities of interest. Vanillic Acid
is a phenolic derivative found naturally and/or produced by the oxidation of aldehyde vanillin (popularly
known as vanilla), but which can also be found in various edible fruits and vegetables. This compound
is widely used in the industry as flavoring, preservative or food additive and perfumery, and has several
biological functions, such as anti-inflammatory, antibacterial, chemopreventive, antioxidant, among
others benefits. The present work aimed to evaluate the cytotoxic and cytoprotective potential of this
compound by the MTT Assay in human hepatoma cells (HepG2/C3A). For both assays, 104 HepG2/
C3A cells were plated per well in 96-well cell culture dishes. The groups evaluated were: Control (DMEM
culture medium supplemented with 10% fetal bovine serum); Cytotoxic agent Methylmethanesulfonate
(MMS, 150μM); Vanillic Acid at concentrations of 100, 200 and 400 μM. For the Cytoprotection Assay,
Vanillic Acid (100, 200 and 400 μM) was associated with MMS (150μM). After 24, 48 and 72 hours of
exposure, the absorbance was reading in a microplate reader at 550nm. Three independent experiments
were performed and the absorbance data were submitted to analysis of variance (ANOVA), followed by
the Tukey test (α=0.05, p<0.05, n=3) with the aid of the GraphPad INSTAT program. The results obtained
in the Cytotoxicity Assay (MTT) indicated that none of the concentrations of Vanillic Acid evaluated at all
exposure times were cytotoxic to HepG2/C3A cells, as there was no statistically significant difference of
the treatments with the phenolic compound in relation to Control. The data obtained in the Cytoprotection
Assay (MTT) showed that only the concentration of 100μM, in 48 and 72 hours, presented cytoprotective
activity (p<0.01) against MMS-induced damage, since there was a higher mitochondrial activity when
compared to treatment with the cytotoxic agent alone. Thus, we can infer that, under the conditions
analyzed, Vanillic Acid is not cytotoxic and has a cytoprotective potential against MMS in HepG2/C3A
cells. However, additional studies on this compound should be performed to properly define the cytotoxic
and cytoprotective potential of this substance in other cell lines.
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CYTOTOXIC AND MUTAGENIC EFFECTS OF ALPHA-TERPINEOL BIOATIVE COMPOUND
IN TEST SYSTEM Allium cepa
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Introduction: Among the variety of chemical compounds present in plants, alpha-terpineol is a volatile
alcohol that has important pharmacological activities. Genotoxicity studies with chemical compounds from
medicinal plants have been of great importance because of the interest in proving the efficacy of these
plants for a wide range of pharmacological purposes. Many plants used by population, despite having
pharmacological properties, can also cause changes in human DNA. Objective: The aim of this study
was to evaluate the cytotoxic and mutagenic effects of alpha-terpineol in a plant test system using Allium
cepa. Method: Three concentrations (0.01; 0.01 and 1 mg/ml) with different exposure times (24, 48 and
72 hours) were evaluated for the plant test system. In addition to these concentrations, two controls were
used: Negative - distilled water and positive - 0.0006 mg / ml copper sulfate. The variables analyzed were:
root size (RS), mitotic index (MI) and chromosomal alterations (CA) for toxic, cytotoxic and mutagenic
effects, respectively. Data were submitted to analysis of variance (ANOVA-One-way) and Tukey’s posttest, p<0.001. Results: The evaluation of the toxic effect, measured by the RS, showed significant results
for the three concentrations in two ET (48 and 72 hours). The results on cytotoxicity measured by mitotic
index (MI) showed significant cytotoxic effects for the three concentrations of alpha-terpineol compared
to the negative control (NC) in all ET. At times, statistically equal to the positive control (PC). Regarding
the mutagenic evaluation, the concentration of 0.1 and 1 mg/ml showed significant mutagenic effects
(p<0.001) compared to the negative control at all evaluated times. The lowest concentration (0.01 mg /
ml) showed mutagenic effect only in ET of 48h. Conclusion: The alpha-terpineol showed toxicogenic
effects in the Allium cepa test system.
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CHARACTERIZATION OF LUNG CANCER CELL LINES FOR RESISTANCE TO CISPLATIN
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Cancer is one of the most important causes of deaths worldwide, with lung cancer being one of the
most deadly and invasive types, with more than one million cases diagnosed every year. The high rate
of mortality is mainly due to the lack of treatment that provide permanent cure or even guarantee the
patient a longer survival rate. One of these treatments is the chemotherapy, in most cases based on the
cytotoxicity caused by the induction of DNA damage on tumor cells. However, changes in the protection
systems of the genome may arise, causing resistance to chemotherapy and consequently reducing the
success of therapy. Among these changes, the increased expression of XPF and ERCC1 proteins in
tumor cells stand out. Thus, this project aims to characterize two lung cancer cell lines (A549 and NCI
H23) and one control lung cell line (IMR-90) for their sensitivity to cisplatin, a chemotherapeutic drug
widely used clinically, and to understand the relation between sensitivity, levels of XPF and ERCC1, and
the repair of the DNA injuries. We hope this project will provide the basis for potential interference studies
in the activity of these genes and some other mechanisms related to cisplatin resistance, enhancing
the action of chemotherapy. Initially, the cells were treated with cisplatin and sensitivity was evaluated
by XTT colorimetric assay. The levels of the two DNA repair proteins of interest, XPF and ERCC1, and
the transcription factor NRF2, was investigated by western blot assay. To check for the DNA repair
capacity, HCR assay with UV irradiated plasmid was tested. We also measured the glutathione levels
by the determination of thiol groups with Ellman’s reagent, and the mRNA levels of genes involved in its
synthesis by qPCR. The viability experiments showed that the most sensitive cell line is NCI H23, while
the western blot experiments indicate that this cell line have higher levels of the DNA repair proteins,
and the HCR assay showed that DNA repair capacity is normal. On the other hand, this cell line also has
lower levels of glutathione and proteins involved in its synthesis, along with NRF2. Therefore, resistance
to cisplatin in these cell lines are not linked to the levels of ERCC1 and XPF proteins, but glutathione,
which is regulated by the activity of the transcription factor NRF2 on the genes like GCLM, seems to be
crucial for tumor resistance to treatment with cisplatin, what can be seen after inhibition of glutathione
synthesis with BSO.
Financial Support: FAPESP (Process #2015/15184-5 and #2014/15982-6).
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CELL DEATH AND CELL CYCLE ARREST INDUCED BY THE INHIBITION OF E2F IN TP53
MUTANT GLIOBLASTOMA CELL LINES
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Glioblastoma (GBM) is considered one of the deadliest human cancers, characterized by a high
proliferative rate, aggressive invasiveness and resistance to radio- and chemotherapy. Therefore, many
targets have been aimed to combat this type of tumor. The E2F transcription factor is involved in cell
cycle progression, DNA repair and apoptosis and has been considered an interesting target for the
development of chemotherapeutic agents, due to its alterations observed in the vast majority of human
tumors. Extensive interactions between TP53 and E2F transcription factors lead to important cellular
processes (apoptosis, autophagy, cell cycle and senescence). In the present work, we aimed to evaluate
the effects of E2F inhibition in TP53 mutant glioblastoma cell lines and determine whether these cells are
sensitive to treatments with the E2F inhibitor HLM006474.T98G and LN18 cell lines were studied for cell
viability assays (XTT), apoptosis and cell cycle blockage detection. The inhibitor was effective in reducing
significantly (p<0,001) the proliferation rates of LN18 (12.25 µM) and T98G (25 µM) following 120h of
treatment. Analysis of cell cycle kinetics showed that treatment with 25µM of the HLM inhibitor in T98G
promoted a S-phase blockage after 24 (p<0.05), 72 (p <0.001) and 120h (p <0.001), and G2-phase arrest
after 72 (p <0.001) and 120h (p<0.01). However, in LN18 cell line, this treatment promoted a blockage
at the S phase after 24 (p <0.001), and 72h (p <0.001), as well as at the G2 after 72 (p<0.001) and 120h
(p<0.01). The apoptosis detection assay demonstrated an induction of cellular death after 72 and 120h of
treatment (25 µM). LN18 cells presented an increase of 33.7% (24h, p<0, 01) and 35.1% (72h, p<0,001)
in the percentage of apoptotic cells, while T98G cells showed an increase of 27.4% (120h, p<0,01).
Thus, T98G and LN18 (TP53 mutant) cell lines presented a similar sensitivity to the inhibitor HLM006474,
as already shown in TP53 proficient cells previously studied in the present laboratory. Probably, the
antiproliferative response observed maybe associated with the arrest at different stages of the cell cycle
and apoptosis induction, as well. Thereby, the use of E2F inhibition seems to be a promising therapeutic
strategy, since HLM006474 treatment significantly reduced cell proliferation in both GBM cell lines.
Financial Suport: CNPq and FAPESP (Proc. Nº 2013/09352-7).
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EVALUATION OF ANTICARCINOGENIC EFFECT OF THE DISSULFIRAM THROUGH THE
TEST FOR DETECTION OF CLONES OF EPITELIAL TUMORS (WARTS) IN Drosophila
melanogaster
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The Disulfiram (Antietanol®) is a medication approved by the Food and Drug Administration (FDA) for
the treatment of alcoholism. The disulfiram through your mechanism of action to irreversibly inhibit the
enzyme aldehyde dehydrogenases 2 (ALDH2) human an accumulation of acetaldehyde in the body
leading to ethanol-disulfiram reaction. Recently it was observed that the your use may result in the
decrease in consumption of cocaine by addicts, by inhibiting the enzyme dopamine β-hydroxylase. In
articles published in the last decade, suggests that this drug has pró-apoptotic proteins interactions and
can become a promising drug in the treatment of cancer. Therefore, the objective of this work was to
evaluate the effect of anticarcinogênic disulfiram through warts test in Drosophila melanogaster (fruit fly).
Larvae wts +/+ mw, were treated with various concentrations of disulfiram (10, 20 e 40 µM/mL), isolated
or associated with doxorubicin (DXR 0,4 mM\mL). For positive control was used DXR (0,4 mM\mL), and
to the negative control has been used reverse osmosis water. Using a stereo microscope analysis of each
fly individually in excavated steeped in Glycerin a total of 1,600 flies. The results of this study showed
that disulfiram in the isolated concentrations (10, 20 e 40mM\mL), showed no increase in frequency of
tumors when compared to the negative control (reverse osmosis water). However, there was a decrease
in the frequency of WARTS statistically significant (p < 0,05), in subjects treated with concentrations
(20 e 40mM\mL) of disulfiram associated with doxorubicin. Therefore, under appropriate experimental
conditions, the anticarcinogenic action presented as disulfiram was able to decrease the frequency of
tumours in flies treated with doxorubicin.
Financial support: UNIPAM.
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EVALUATION OF ANTICARCINOGENIC EFFECT OF THE Artemisia absinthium
THROUGH THE TEST FOR DETECTION OF CLONES OF EPITELIAL TUMORS (WARTS)
IN Drosophila melanogaster
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The Artemisia absinthium is an aromatic and medicinal plant etnofarmacológic and interest has been
much researched. The Artemisia absinthium has antipyretic action antimicrobial, antifungal, diuretic and
anti-inflammatory properties. The development of this scientific work aimed to evaluate the carcinogenic
effect and/or anticarcinogênic of Artemisia absinthium through the test for detection of tumor clones
(warts) in Drosophila melanogaster. For testing, we used the infusion of Artemisia absinthium in three
concentrations: 20 mg/mL, 10 mg/mL and 5 mg/mL. For the negative and positive controls were used,
respectively, reverse osmosis water and doxorubicin (DXR 0,4 mM/mL). The results showed that the three
isolated concentrations of infusion of Artemisia absinthium showed no carcinogenic effect. However,
when the infusion was associated with doxorubicin increased the frequency of tumors when compared to
the positive control. It is concluded that Artemisia absinthium has genotoxic activity when combined with
doxorubicin and that no carcinogenic effect when used in isolation.
Financial support: UNIPAM.

181

XII CONGRESSO da MutaGen-Brasil - 2017
MS 55

VITAMIN C PROTECTS AGAINST OXIDATIVE DNA DAMAGE CAUSED BY
ANTILEISHMANIAL MILTEFOSINE
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Miltefosine (hexadecylphosphocholine) is the only oral drug in the antileishmanial therapeutic
armamentarium, with an alternative to maintaining treatment, including cases of infections resistant to
conventional pentavalent antimonial therapy. Recently, our laboratory has demonstrated the ability of
miltefosine (Impavido®) to cause genomic lesions, apoptosis and necrosis in mammalian cells. Vitamin
C is part of a group of antioxidant defense compounds, its main feature being the interception of ROS.
The antioxidant property of vitamin C in eliminating free radicals suggests a property of this molecule
in modulating oxidative damage to DNA in mammalian cells, as in the case of miltefosine. Thus, this
work investigated the ability of vitamin C to decrease the genotoxic and mutagenic effects caused by
miltefosine in the in vivo system. Male Swiss Mus Musculus mice, with mean body weight of 30g and
about 60 days of life, were maintained under controlled temperature conditions (21 ± 2ºC) and alternating
light / dark cycle (12 hours). Miltefosine was given by gavage under acute treatment. Vitamin C was
given by two routes in different groups: gavage, simultaneous treatment with miltefosine (30, 60 and 120
mg / kg), pre-treatment (24 hours before miltefosine) and post-treatment (24 hours after treatment); And
intraperitoneally, simultaneus with miltefosine (30, 60 and 120 mg / kg). The alkaline comet tests were
performed with peripheral blood and micronucleus in bone marrow. The results show that vitamin C has
protective effect on damage DNA caused by miltefosine at doses of 60 at 120 mg/kg. This effect was only
observed in the intraperitoneal groups treated with vitamin C, reinforcing previous studies that the plasma
concentrations of this antioxidant by this route are much higher than by the oral route, where higher doses
of vitamin C would be necessary.
Financial Support: Fundação de Amparo à Pesquisa e ao Desenvolvimento Científico do Maranhão
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PROTECTIVE EFFECTS OF ACHE INHIBITORS IN RESPONSE TO NEUROTOXIC
DAMAGE INDUCED BY Β-AMYLOID PEPTIDE IN NEURONAL CELL LINES
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Alzheimer’s disease (AD), characterized by a progressive episodic memory loss, is a cerebral disorder
caused by the β-amyloid peptide (Aβ) deposits (senile plaques) and abnormal tau protein phosphorylation
(neurofibrillary tangles) in the brain and therefore, loss of cholinergic function of the central nervous
system. It is well known that the impairment of this function due to Aβ neurotoxicity significantly contributes
to cognitive decline associated with AD. The present study aimed to evaluate the neuroprotective capacity
of new compounds that are acetylcholinesterase inhibitors (AChEI), designated TA8Amino, TAHB3
and TA7E3, tested in SH-SY5Y and ACBRI-371 neuronal cell lines, in response to neurotoxic damage
induced by the Aβ

(1-42)

. In this sense, cell viability and clonogenic survival assays were performed to

evaluate the cytotoxicity of these molecules as well as the analysis of neurodifferentiation induction in SHSY5Y cells line in mature neurons. The applicability of compounds capable of inhibiting AChE is already
described and extremely interesting for AD therapies. However, the main objective in drug development
is to obtain molecules with great efficiency against the therapeutic target but without or low potential risks
to the patients. The results obtained showed that the various concentrations tested in the cell viability
assay indicated an absence and / or low cytotoxicity in both neuronal cell lines. From this assay, three
optimum concentrations were obtained for the subsequent tests. For the clonogenic survival assay,
carried out in SH-SY5Y cells under treatment with the Aβ (1-42) used as neurotoxic stimuli, an increase in
survival rates was observed for the tested concentrations of the AChEIs, demonstrating a neuroprotective
effect of these compounds. In addition, we observed a differentiation capacity of SH-SY5Y cells into
mature neurons analyzed after 10 days in culture in the presence of compounds TA8Amino, TAHB3 and
TA7E3, as evaluated by the morphological features. Additional studies will be performed to confirm the
neuroprotective properties of those recently designed compounds. The results obtained in this study are
promising and of great relevance in terms of designing new molecules which can be further applied in
therapies for patients with Alzheimer’s disease.
Financial Support: CAPES, FAPESP and CNPq.
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CYTOTOXIC, ANTIPROLIFERATIVE AND GENOTOXIC EFFECTS OF STILBENEDERIVATIVES
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Stilbenes are a class of natural compounds with a wide range of biological effects, including vascular,
antibacterial, antioxidant and antitumoral. Trimethoxystilbenes (TMS) are stilbene-derivatives resulted
from structural modifications in resveratrol structure. The antiproliferative and antitumoral effects of cis
and trans-TMS have been investigated in vitro and in vivo, respectively, showing very promising effects.
Therefore, the present study evaluated genotoxic and cell death effects of both compounds in the breast
cancer cell line MCF-7. The methodology included cytotoxicity determination using XTT and clonogenic
survival assays. Genotoxicity was evaluated using alkaline comet assay and cell cycle kinetics and cell
death were determined by flow cytometry. For all experiments, after 24 h of plating, cells were treated
for additional 24 h with different concentrations of cis or trans-TMS. Vehicle and positive controls were
dimethyl-sulphoxyde 0.1% (DMSO) and doxorubicin 0.5 µM (DOX), respectively. The results of XTT
showed that the inhibitory concentrations (IC50) of cis and trans-TMS were 42.2 µM and 59.5 µM,
respectively. The clonogenic survival assay demonstrated the fraction of survival significantly reduced
by concentrations of cis-TMS higher than 2.5 µM and trans-TMS higher than 10 µM. Comet assay
demonstrated cis-TMS more genotoxic than trans-TMS, once cis-TMS increased the DNA damage score
in a concentration-dependent way at 0.3, 0.6, 1.2 and 2.5 µM (p<0.05 compared to negative control);
trans-TMS was not genotoxic. Cell cycle analysis demonstrated a G2 accumulation is response to cisTMS at 2.5 µM and trans-TMS at 10 µM. Cis and trans-TMS induced apoptotic cell death at 2.5 and
10 µM (48.7 and 27.1%, respectively). According the present results cis-TMS is more cytotoxic and
genotoxic than trans-TMS. Future investigations will determine the molecular pathways involved in the
cellular responses observed after treatment with cis-TMS at very low concentrations.
Financial Support: FAPESP (2014/12465-0); CAPES; UNIFRAN.
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AMES/SALMONELLA PLATE INCORPORATION TEST FOR EVALUATION OF
MUTAGENIC ACTIVITY OF COPAIBA TABLETS
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The growing quest for new bioactive compounds has driven research in the field of phytotherapy. Several
natural products with therapeutic applicability are described in the literature, among them is mentioned
the derivatives of Copaifera langsdorffii, a tree of occurrence in Argentina, Bolivia, Paraguay and
Brazil. The oilresin extracted from copaiba has been studied for its biological activities and is extremely
interesting from a chemical viewpoint, since it has several secondary metabolites, mainly diterpenes and
sesquiterpenes, which have antibacterial and antitumor activity. Considering the presence of biological
properties in copaiba and knowing that the dosage form may influence the mechanism of action of a
compound, the present study aimed to evaluate the mutagenicity of copaiba tablets, produced and
supplied by Apis Flora (Ribeirão Preto / SP -Brazil). In addition, whenever a new compound is developed
for therapeutic purposes, it is recommended by several health agencies, such as ANVISA and OECD
that, in addition to pharmacological studies, studies on their toxicogenic performance should be carried
out in order to guarantee their innocuousness to genetic material. The mutagenic potential was evaluated
by the Salmonella mutagenicity assay (Ames test), using the preincubation methodology, where the
strains TA98, TA100, TA102 and TA97a of Salmonella typhimurium were used in experiments with (S9 +)
and without (S9-) the incorporation of a metabolic system. This test was specifically designed to detect
chemical compounds that induce gene damage, increasing the chances of mutations, and is capable of
detecting mutagens that cause base-pair substitutions and frameshift mutations. Five concentrations,
established in previous cytotoxicity studies, ranging from 1.25 to 10 mg / plate were used. The results
showed that the copaiba tablets had no mutagenic potential by the Ames test, since they did not induce a
significant increase in the number of revertant colonies, compared to the negative control, in none of the
concentrations and strains used, in the experiments with and without metabolic activation. These results
contribute positively to the availability of the substance on the market. However, to ensure its use by the
population, further mutagenic, toxicological and pharmacological investigations are still required.
Financial support: Apis Flora Ind. Com. Ltda
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EVALUATION OF ANTICARCINOGENIC EFFECT OF THE GERIOOX® THROUGH THE
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Gerioox® is a medicine composed of omega 3, D-glucosamine, chondroitin sulfate, vitamin E, copper,
zinc and sodium. It is indicated as geriatric medication, due to its antioxidant, chondroprotective and
dermatological effects for dogs and cats, aiming to improve the vitality and the general state of animals
in old age. Some studies have shown that its use can be made to aid in the treatment of cancer. In this
context, this work was developed with the main objective of evaluating the possible anticarcinogenic effect
of Gerioox® by means of the test for the detection of clones of epithelial tumors (warts) in Drosophila
melanogaster. For this purpose, three aqueous solutions obtained from Gerioox® were prepared, at
concentrations: 1, 2 and 4 mg/mL. These concentrations were used separately and in combination with
doxorubicin (in a co-spraying system). The treatment was carried out with all the larvae descended from
the crossing of females wts/TM3 with mwh/mwh males. The results revealed that Gerioox® showed
anticarcinogenic activity, since there was a statistically significant difference (p< 0.05) in the frequency of
tumors identified in all tested concentrations of Gerioox® when compared to the frequency of tumors in
the positive control (doxorubicin). It is concluded, therefore, that in the present experimental conditions,
Gerioox® reduced the frequency of tumors induced by doxorubicin in D. melanogaster.
Financial support: UNIPAM.
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GENERAL ANESTHESIA WITH THE VOLATILE DESFLURANE CAUSES INFLAMMATION
AND GENOTOXICITY IN PATIENTS
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Surgical interventions with the use of anesthetics can contribute to disorders in the perioperative period.
Desflurane is the newest volatile halogenated anesthetic and little is known about its possible genotoxic
and immune effects in patients undergoing surgery. Since inflammation and genotoxicity are linked
events, the aim of this study was to evaluate systemic inflammatory markers and DNA damage in patients
undergoing minor elective surgery maintained with desflurane anesthesia. After IRB approval, the study
was conducted in adults with no comorbidities, of both sexes, who underwent septoplasty. Twenty patients
were maintained with 6% of desflurane, and fasted blood samples were collected at three time points,
as follows: before anesthesia (T0-baseline), at 90 minutes after the start of anesthesia (T1) and one
day after surgical procedure (T2). Coded samples were immediately processed and blindly analyzed.
Serum cytokines (pro-inflammatory IL-6 and IL-8, and the anti-inflammatory IL-10) were analyzed by
flow cytometry, high-sensitivity C-reactive protein (CRP) was detected in the serum by chemiluminescent
immunoassay, and lymphocyte DNA damage was evaluated by the comet assay. The results showed that
a significant increase occurred at T2 when compared with T0 and T1 for IL-6 (p < 0.001), CRP (p < 0.001)
and DNA damage (p = 0.01). However, IL-8 and IL-10 did not show significant differences among the
time points (p = 0.07 and p = 0.1, respectively). Possibly, the systemic inflammation led to DNA damage.
Therefore, desflurane anesthesia contributes to inflammatory and genotoxic effects one day after surgery
in patients with no comorbidities who undergo minor surgeries.
Financial Support: FAPESP and CNPq (Brazil)
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CARCINOGENIC EFFECT OF THE COKE IDENTIFIED BY THE TEST FOR DETECTION OF
EPITHELIAL TUMOR CLONES (WARTS) IN DROSOPHILA MELANOGASTER
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The ingestion of food is the main route of exposure of man to various compounds, since in the diet
an intricate mixture of chemical agents is found. Several scientific researches have emphasized the
significance of diet for the risk of developing cancer, since then, numerous food colorings have been
tested. Among these dyes are the caramel IV and its by-product, 4-methyl-imidazole, which is part
of its composition. This dye has reddish-brown color and is used to impart color to various foods and
beverages, especially soft drinks. Given the above and considering that the caramel coloring IV is part
of the composition of Coke, but in variable amounts, depending on the product manufacturing place, this
research aimed to evaluate the potential carcinogenic activity of Cokes produced in Brazil, Netherlands
and Egypt, through the test for detection of epithelial tumor clones (warts) in somatic cells of Drosophila
melanogaster. For the treatment were used 72-hour larvae resulting from the crossing of wts / TM3, Sb1
virgin females and mwh / mwh males. Larvae were exposed to the media containing the two types of
Cokes for 48 hours. For positive control doxorubicin (DXR 0.4 mM) was used and for negative control
the ultrapure water was used. At the end of the transformation period, the adults were collected and
analyzed. The results showed a statistically significant increase in the frequency of tumors found in D.
melanogaster treated with the Brazilian and the Dutch Cokes (p <0.05) when compared to the frequency
of tumors observed in the negative control. In the treatment with the Egyptian Coke, the accounted tumor
frequency was not statistically significant (p> 0.05) when compared to the negative control. Therefore, we
may conclude that the Cokes produced in Brazil and in the Netherlands induced significantly the tumor
formation in D. melanogaster, while the Egyptian Coke did not show such an effect. Studies show that the
concentration of 4-methyl-imidazole is higher in the Coke produced in Brazil and the presence of higher
concentrations of this substance, being potentially carcinogenic, may explain the results obtained.
Financial Support: UNIPAM, PIBIC.
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LEAD (Pb) EXPOSURE INDUCES DISTURBANCES OF EPIGENETIC STATUS OF
WORKERS EXPOSED TO THE METAL
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Lead (Pb) is a toxic metal that accumulates in the human body inducing several adverse health effects.
Previous studies showed that the Pb exposure may modulate the gene expression by changes of
epigenetic status, such as DNA methylation and histone modications. However, little is known about the
impact of Pb exposure and alterations of DNA methylation patterns in humans exposed to the metal.
The aim of this study was to assess the impact of the exposure to the metal on DNA global methylation,
to assist in a better understanding concerning the interactions between Pb exposure and epigenetic
effects. The study included 100 male workers of automotive battery factories from Paraná State, Brazil.
Concentrations of Pb in blood (B-Pb) and in plasma (P-Pb) were determined by ICP-MS, percentage (%)
of DNA global methylation was determined by quantification of 5-methylcytosine (5-mC) by Indirect ELISA
and sociodemographic data were collected by questionnaire. Descriptive statistics were run aiming to
describe the general characteristics of the participants. Then, Spearman’s correlations were performed
and finally, multivariable linear regression models were run, adjusted for age, BMI, working time, alcohol
consumption and smoking. This study was approved by the Research Ethics Committee of the School of
Pharmaceutical Sciences of Ribeirão Preto, Brazil (#004/2016). In this study mean age was 37 ± 10 (18
– 67 years); 18% of participants were smokers, while 32% reported consumption of alcoholic beverages.
B-Pb and P-Pb were 20 ± 11 µg/dL and 0.56 ± 0.64 µg/dL, respectively; % of DNA global methylation
was 2.8 ± 1.1 % (ranging from 1.1 to 6.5 %). B-Pb and P-Pb were strongly correlated (rs = 0.83, p ≤
0.0010) and clear inverse association was seen between Pb biomarkers and % DNA global methylation
(β =-0.034; p<0.0010 for B-Pb and β =-0.35; p<0.0010 for P-Pb). Taken together, our data showed that
Pb exposure was able to induce alterations on DNA global methylation in workers that are exposed to
the metal and consequently may cause disturbance on regulation of gene expression, which may induce
several health adverse effects related to Pb exposure.
Funding agencies: São Paulo Research Foundation (FAPESP, #2015/07277-3; #2013/06033-8)
and Coordination for the Improvement of Higher Education Personnel (CAPES).
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OCCUPATIONAL HAZARD OF WORKERS OCCUPATIONAL EXPOSED TO DUST IN
CERAMIC INDUSTRY
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Ceramic is the oldest synthetic man-made, but only in the 50’s that were created new products such
as than wall coverings to the high resistance to abrasion floor. In Brazil, it had its origin in Marajo with
indigenous and today plays an essential role in the economy, contributing to the gross domestic product
(GDP), generating about 310,000 direct and indirect jobs. Santa Catarina is the state that ranks first in
ceramic production, mainly in the southern region of the state, with about 710 industries in the business.
Despite this, the workers are exposed to many occupational hazards, one of the largest of them, exposure
to metals and semi-metals from the manufacture of ceramics and carry them various diseases. Silica is
one of the most contaminants recorded in the workplace, including in the ceramic industry and can lead
to the development of lung inflammation and diseases - mainly silicosis, which is associated with DNA
damage, cancer and apoptosis. The aim of this study was to perform biomonitoring of ceramic coating
industry workers exposed to dust. Peripheral blood samples from 100 workers in the ceramics industry
(exposed group) and 30 non-exposed individuals (control group) have been analyzed through the comet
assay. Our results showed that the exposed group showed a significant difference in the control group
when analyzed tail lenght and tail moment, possibly because the respirable dust ceramic contains more
silica than allowed and it leads to DNA damage. However, when comparing the tail lenght and the tail
moment of the exposed group compared to the length of service, age and workplace there was no
significant difference between them. Therefore, the results of this study suggest that the dust of the
ceramic industry has genotoxic effects on workers of this productive sector, probably because of the high
amount of crystallized silica at its composition.
Financial Support: CNPq and CAPES
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EFFECTS OF CHRONIC IRRADIATION ON RADIOSENSITIVITY, STEMNESS AND
EXPRESSION OF HMTH1 IN GLIOMA STEM CELLS.
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Glioblastoma (GBM) is a malignant brain tumor with poor outcome and is very resistant to treatments.
Glioma stem cells (GSC) present enhanced antioxidant defense and are resistant to chemo- and
radiotherapy. Our hypothesis is that increasing ROS production by chronic low dose-rate irradiation
will increase the differentiation and decrease the self-renewal ability of GSC. The studied endpoints
include cell differentiation markers (MUSASHI-1 expression by Western Blot, WB), oxidized nucleotide
pool clearance (hMTH1, WB) and radiosensitivity (cell proliferation assay and neurosphere formation)
performed on GSC as well as their differentiate counterpart chronically to low dose-rate gamma-rays. For
the GSC culture, we use the U87MG GBM cell line cultured in collagen-I coated flasks using neural stem
cell medium (NSCM). Culturing GSC cells in differentiation media for 1 week resulted in differentiated cells.
Initially, GSC was seeded in NSCM and after 1 week, the formed neurospheres were counted, dissociated
and reseeded again. This process was repeated 2 more times during 3 weeks with chronic radiation (0,
1.4, 4.1, 12 and 24 mGy/h). In parallel, the cell proliferation was measured weekly by counting GSC
(grown on collagen I flasks) and differentiated cells irradiated or sham-irradiated by using a cell counter,
for 3 weeks. We observed a significant decrease in the number of neurospheres after week 3 at 4.1 and
12 mGy/h (p≤0.05) and already after week 2 (p=0.023) for 24 mGy/h. We observed similar proliferation
rates for exposed differentiated cells. When comparing the stemness of GSC and differentiated cells, we
observed a significantly increase of MUSASHI-1 expression (p=0.005) on GSC (34%). After irradiation
with 24 mGy/h for 1 week, the GSC showed 30% lower expression of MUSASHI-1, indicating a possible
effect of chronic irradiation on differentiation of GSC. Considering the expression of hMTH1, we observed
similar expression between the GSC and the differentiated ones and no significant differences after
the irradiation in GSC. Possibly the overexpression of this protein even in the control made it hard to
detect its modulation after radiation. Thus, the chronic irradiation induced differentiation and decreases
neurospheres and proliferation in GSC, but it did not affect the hMTH1 expression. Further studies are
needed to clarify the mechanism by which the anti-oxidative system influences the radioresponse and
stemness of GSC.
Financial Support: FAPESP (Proc. 2013/09352-7, 2013/13253-4 and 2016/16163-4)
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IN VITRO INVESTIGATION OF THE MUTAGENICITY OF Copaifera sp EXTRACT USING
THE AMES ASSAY
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Medicinal plants are widely used in traditional medicine and may serve as a basis for the development
of novel pharmacological agents. Several members of the genus Copaifera are present in Latin America,
mainly in the Amazon region. These plants produce oleoresins that are used by indigenous people for
medicinal purposes, with no distinction among species. So, the majority of studies on Copaifera are
related to the trunk oleoresin. Their medicinal properties include the treatment of cutaneous ulcerations
associated with leishmaniasis and wounds caused by insect bites. This traditional and widespread use
led to an intense commercialization of copaiba as oil or capsules, and it has also been exported from
Brazil to France, Germany and the USA. However, medicinal plants and plants in general synthesize toxic
substances that act as a defense against infections, insects and herbivores, but also affect the organisms
that feed on them. Thus, an assessment of their mutagenic potential is necessary to ensure a relatively
safe use. This way, the aim of this study was to investigate the mutagenic activity of Copaifera extract,
produced and supplied by Apis Flora (Ribeirão Preto / SP -Brazil) by Ames test. In the present study, the
Ames test was performed using TA98, TA100, TA97 and TA102 strains of Salmonella typhimurium in the
absence (-S9) and presence (+S9) of metabolic activation system in five concentrations, varying from
1.25 to 10 mg/ plate. The results obtained showed that Copaifera extract did not induce any increase in the
number of revertant colonies relative to the negative control, indicating the absence of mutagenic activity
under the conditions used. The absence of mutagenic effect by Copaifera extract against S. typhimurium
bacterial strains in the Ames test is highly relevant, because the balance between the therapeutic vs. the
toxicological effects is an important parameter in assessing its applicability in relation to phytotherapeutic
potential.
Financial support: Apis Flora Ind. Com. Ltda
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CHEMOPROTECTION BY NANOEMULSION OF LDE IN SAPAJUS APELLA PRIMATES
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Lipid-based nanoparticle systems have been used as vehicles for chemotherapeutic agents in experimental
cancer treatments. Those systems have generally been credited with attenuating the severe toxicity of
chemotherapeutic agents. This study aimed to investigate the effects of associating paclitaxel with a
lipid-based nanoparticle system on a non-human primate, Cebus apella, by extensively documenting the
toxicity as measured by serum biochemistry, as well as detailed analysis of blood and tissue. Eighteen
Cebus apella were studied; three animals were treated with LDE only, without paclitaxel, as ministered
intravenously every three weeks, during six treatment cycles; six animals were treated with paclitaxel
associated with LDE at the same administration scheme, three with the lower (175mg/m2) and three with
higher (250mg/m2) paclitaxel doses; six animals were treated with commercial paclitaxel, three with the
lower and three with the higher doses levels. Three weeks after the treatment cycle the animals were
euthanized with a lethal dose of anesthesia, and tissues fragments were collected for histopathological
analysis. In three non-treated animals, the plasma kinetics of LDE’s labeled with radioactive cholesterol
were determined after intravenous injection and blood sampling over 24 hours. In the LDE-paclitaxel
group, no clinical toxicity appeared, and the weight food consumption curve was similar to that of the
controls. Two animals treated with commercial paclitaxel presented weight loss, nausea and vomiting,
diarrhea, skin flaking, 70% loss of body hair and decreased physical activity. The use of LDE as a
carrier at both those levels almost complete neutralized the toxicity of the drug in this species, which is
closely related to human subjects. This was observed not only by clinical, biochemical, hematological
and genotoxic profiles, but also by the histopathological analysis of stomach, small and large intestine,
esophagus, pancreas, trachea and gallbladder. The current results support the assumption that lipidbased nanoparticles systems used as drug carriers can offer valuable tools to decrease the toxicity
and increase the safety of chemotherapeutic agents, while possibly being extended to the treatment of
chronic diseases other than cancer.
Financial Support: This work was supported by Conselho Nacional de Ciência e Tecnologia em
Pesquisa (CNPq) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).
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Over the past few decades, ruthenium-based complexes have emerged as promising agents for anticancer
therapy. Ruthenium is a transition metal that appears as a strong candidate for drug design showing low
toxicity, selectivity, inhibition of metastasis progression and antiangiogenic properties. In this study, eight
novel complexes containing lapachol and lawsone bioligands were synthesized and characterized at
Federal University of São Carlos and studied in vitro to determine their biological activity against breast
(MDA-MB-231), prostate (DU-145), liver (HepG2), lung (A549) and colon (Caco-2) cancer cells. The
antiproliferative activity of the complexes was evaluated by alamarBlue assay, and their cytotoxicity were
confirmed in clonogenic survival analysis. The results demonstrated that the ruthenium complexes with
biphosphine ligands showed better cytotoxic effect, with promising IC50 values ranging from 0.8 µM to 2.9
µM for DU-145 cells, and showed low cytotoxicity against normal FGH fibroblasts. Results further indicate
selectivity indexes (SI = IC50FGH/IC50DU-145) within 1.4 – 3.1 while classical drugs as cisplatin did not exhibit
selectivity to normal cells. Survival analysis of the DU-145 cells revealed that the biphosphine complexes
reduced colony formation ability at concentrations of 0.05, 0.1 and 0.5 µM, and at concentration of 1 µM
no colonies were observed for lapachol complexes treatment. We established 3D multicellular tumor
spheroids (MCTS) based on DU-145 cells, and used this model to investigate the in vitro activity of
biphosphine complexes toward prostate metastatic carcinoma cells. In general, DU-145 MCTS showed
greater resistance to all complexes compared to the 2D-cultured cells. Nonetheless, the complex [Ru(lap)
(dppm)(phen)]PF6 exhibit strong cytotoxicity against 3D MCTS which provide as an intermediate model
between in vitro 2D cell monolayers and in vivo 3D solid tumors. Thus, it may be suggested that rutheniumnaphthoquinone complexes exhibit selectivity for prostate cancer tumor cells and should be considered in
further studies for possible use as anticancer agents. Our results also suggest that 3D MCTS represent
more accurately the tumor microenvironment and may be better than 2D-cultured cells for the screening
of new drug candidates.
Financial support: CAPES and CNPq

194

XII CONGRESSO da MutaGen-Brasil - 2017
MS 68

ABSENCE OF MUTAGENICITY OF CLONAZEPAM IN SOMATIC CELLS OF Drosophila
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Clonazepam (CLZ) belongs to the pharmacological class of benzodiazepines, whose main properties are
the mild inhibition of central nervous system functions such as anticonvulsive, sedative, muscle relaxant
and tranquilizing effect. In recent years, it has been included in the list of drugs most consumed in Brazil,
causing doubts as to whether its use could be related to the induction of DNA damage. Therefore, the
present study had the objective of evaluating the mutagenic and / or recombinogenic effect of clonazepam,
through the Somatic Mutation and Recombination Test (SMART) in Drosophila melanogaster. For this, the
larvae descending from the standard (ST) and high bioactivation (HB) crosses were treated chronically
with three concentrations of CLZ (25, 50 or 100 mM) alone. Positive control was used doxorubicin
(DXR 0.4 mM), and as a negative control, reverse osmosis water. The results showed no mutagenic /
recombinogenic effect of CLZ alone at all concentrations tested at ST and HB crosses when compared to
the frequency of spots observed in the negative control (p> 0.05). The presence of basal and high levels
of the enzymatic complex P 450 present in the ST and HB strains, respectively, did not interfere in the
induction of spontaneous spots by CLZ. Therefore, in the present experimental conditions, CLZ alone did
not present mutagenic / recombinogenic effect in D. melanogaster.
Financial support: UNIPAM, PIBIC.
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Clonazepam (CLZ) is one of the most commonly consumed drugs in Brazil today. It belongs to the class
of benzodiazepines, acting in the light inhibition of the nervous system, with consequent anticonvulsive
action, light sedation, muscle relaxant and tranquillizer. It has also been used as adjuvant by cancer
patients. Some recent work involving CLZ has been researching its action on cancer pathways. However,
there are still doubts as to the actual effects of this drug in relation to the disease. Thus, the present
study aimed to evaluate the carcinogenic effect of CLZ by the test for the detection of clones of epithelial
tumors (warts) in Drosophila melanogaster. For this, the treatment was carried out with larvae of 72 hours
resulting from the crossing between virgin females wts / TM3, Sb1 and mwh / mwh males. The descending
larvae of this crossover were treated with three isolated concentrations of CLZ (25, 50 and 100 mM). As
a positive control, Doxorubicin (0.4 mM) was used, and as a negative control, ultrapure water. After the
flies analysis, the statistical differences were evaluated by means of the non-parametric Mann-WhitneyWilcoxon U test. The results obtained in the evaluation of the possible carcinogenic effects of CLZ in
the three concentrations tested alone showed that there was no statistically significant increase in the
frequency of tumors when compared to the negative control (p> 0.05). These results allow concluding
that CLZ, in the present experimental conditions, did not induce the occurrence of tumors in Drosophila
melanogaster, and therefore did not present carcinogenic effect.
Financial support: UNIPAM, PIBIC.
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Glioblastoma (GBM) is an aggressive tumor with a discouraging prognosis. The main chemotherapeutic
protocol includes the alkylating agent temozolomide (TMZ). DNA repair pathways, such as that mediated
by the MGMT enzyme (O6-methylguanine-DNA methyltransferase) and base excision repair (BER), can
promote resistance to TMZ-induced lesions, constituting an obstacle to therapeutic efficacy. An emerging
strategy is based on the intervention of DNA repair mechanisms, aiming to achieve sensitization of tumor
cells. A strategic target is the PARP-1 protein (Poly (ADP-Ribose) polymerase 1), which plays a role in
several DNA repair processes, mainly BER. The efficacy of the combination of TMZ with PARP inhibitors
has been correlated with the MGMT activity, although the role of this enzyme as a marker of response
to this treatment remains controversial. The objective of the present study is to evaluate the influence of
MGMT inhibition as a modulator of GBM cell responses to the combined treatment (TMZ and NU1025);
we used the strategy of inhibiting the enzyme by the compound O6BG (O6-benzylguanine) in MGMT
proficient cells (T98G). To characterize cellular responses to O6-BG, we analyzed its efficacy in terms
of cell viability (by using the XTT reagent), MGMT protein expression (western blotting), cell viability, cell
cycle kinetics and apoptosis induction (Anexina V). The results showed a potentiating effect caused by
the PARP inhibitor NU1025 associated with TMZ treatment on the reduction of cell viability, S and G2/M
arrest and an increase in the percentage of apoptotic cells. The same effect was not observed in U87MG
cells (MGMT deficient). In order to verify the O6BG efficacy relative to MGMT inhibition, it was observed
that all TMZ and O6BG combinations reduced the viability of treated cells compared to the control and
TMZ. By analyzing MGMT protein expression in T98G cells, it was observed that O6BG-treated cells
alone and combined to TMZ showed a reduction in the amount of the MGMT enzyme at all time-points
analyzed (0, 1 and 2 h), indicating a decrease in available levels of the enzyme after its inhibition. When
MGMT was inhibited in NU1025 plus TMZ treated cells, in turn, did not interfere in the combined treatment
effects, and did not significantly contribute to the intensification of this effect. These results suggest that
other genetic alterations might predict cellular responses to the combination treatments involving TMZ
and PARP inhibitors.
Financial Support: FAPESP – São Paulo Research Foundation (Proc. Nº 2013/09352-7; 2016/178623) & CNPq – Research National Council, Brazil.
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ANTIPROLIFERATIVE AND TOXICOGENOMIC EFFECTS OF RESVERATROL IN
BLADDER CANCER CELLS T24
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Bladder cancer, due to high recurrence rates that require clinical and cytopathological monitoring, is one of
the tumors with highest cost to health systems and the ninth most common type of cancer in the world. The
chemotherapeutic drugs currently used for the treatment of this cancer, cisplatin and gemcitabine, have
several adverse effects. Thus, the study of alternative protocols, especially the identification of compounds
with antineoplastic potential isolated from natural products such as resveratrol, has received special
attention. Resveratrol is a polyphenolic compound whose antineoplastic activity has been demonstrated
in several studies. However, the mechanism by which this compound acts on tumor cells is not completely
understood. The DNMT1 and HDAC1 genes are related to epigenetic events of methylation and histone
acetylation, respectively. Overexpression of the HOXB3 gene is related to tumor progression. Thereby, in
this study we investigated the mechanism of action of resveratrol in bladder urothelial carcinoma cells T24
(high grade tumor and mutated TP53 gene). Cells were treated with different concentrations (12.5; 25; 50;
100; 150; 200 and 250 µM) of resveratrol for cytotoxicity and cell survival assays. In addition, clonogenic
survival assay and HDAC1 (histone acetylation), DNMT1 (methylation) and HOXB3 (tumor progression
associated to RASSF1A gene) gene expression analysis using RTq-PCR were performed after treatment
with 50, 100 and 150 µM of resveratrol. The data showed cytotoxicity at 150, 200 and 250 µM. Decreased
cell proliferation and clonogenic survival rates were observed in all tested concentrations. The treatment
with resveratrol decreased HOXB3 expression however did not cause alterations in the expression of
HDAC1 and DNMT1 genes. In conclusion, resveratrol promoted decreased proliferative capacity in cell
line of bladder urothelial carcinoma T24 by modulation of pathways dependent of HOXB3, probably
through the modulation of the genes of the RAS family. These results provide relevant information that
could contribute to the elucidation of the mechanisms of action of resveratrol in the treatment of bladder
cancer.
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AEROBIC EXERCISE REDUCES DNA DAMAGE POSSIBLY BY INCREASE
NEUROTROPHIC SIGNALING IN HIPPOCAMPUS OF OLD RATS
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Aging is associated with impaired cognition and memory, and increased susceptibility to neurodegenerative
disorders. It is known also that DNA is progressively damaged during aging and it has been observed that
Brain-derived neurotropic factor (BDNF) could enhance neuronal DNA repair by increasing the expression
of repair enzymes such apurinic/apyrimidinic endonuclease 1 (APE1) possibly through a mechanism
involving CREB. In this sense, studies have showed that physical exercise increases the expression of
BDNF and this could reduce the DNA damage. Therefore, the aim of the present study was to evaluate
the effect of two physical training models on levels of BDNF and their receptors (TrkB and p75NTR), CREB,
APE1 and DNA damage in hippocampus of old rats. Eighteen 24-month-old male Wistar rats were divided
into untrained, aerobic and strength training. The rats were subjected to strength or treadmill training for
8 weeks. The BDNF, TrkB, p75NTR, CREB and APE1 levels were measured by Western Blotting and the
Comet Assay was utilized to assess DNA damage levels. The CREB, BDNF and p75NTR levels increased in
the hippocampus in the aerobic and strength groups. However, we failed to observe significant alterations
in APE1 levels. Besides, hippocampus analysis of the aerobic group showed decreased TrkB levels and
DNA damage. Taken together, these findings suggest a protector effect of aerobic exercise on brain DNA
damage, possibly BDNF-dependent manner induced by the exercise aerobic training. The mechanisms
involved on these results are unclear and future studies are needed.
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EVALUATION OF TOXICOLOGICAL SAFETY OF ANTITUMOR PROTOTYPES WITH
ALTERNATIVE METHODOLOGY FISH EMBRYOS TEST.
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Cancer is one of the leading causes of death in the world and development of antitumor agents is the
main focus aimed at improving as forms of treatment and magnifying as chances for cure. The most of
antineoplastics are used in their therapeutic practice, their toxicological studies are of great relevance for
the development of a new antitumor drug, aiming at their toxicological safety. Among the many alternative
(in vitro) methods used in OECDs, the Fish Embryos Test is a qualitative study for the acute toxicity study
of new chemicals. The objective of this study was to evaluate the toxicological safety of the Ruthenium
RuLAP, RuLAU, DPPE and DPPM prototypes using the Fish Embryos Test by evaluating the hatch rate
and mortality rate in the 24h to 120h periods.
For the complex RuLAP, hatching rate was observed above 50% in concentration 1.2 mg L-1 (48h). In
the 72h, 96h periods there was a hatch rate above 50% at all concentrations tested. The mortality rate
was higher than 50% was observed only in 96h at concentrations 7.1 to 100 mg L-1. For the complex
RuLAU, in the 48h period, the hatch rate was less than 50% at all concentrations tested. In the 72h, 96h
periods, the hatching rate was higher than 50% in all tested concentrations. The mortality rate was higher
than 50% was observed only in 96h at concentrations of 7.1 to 100 mg L-1. For the complex DPPE,
the hatching rate, in the periods from 48h to 96h, was greater than 40% at all concentrations tested.
The mortality rate was less than 20% in all concentrations tested (48h to 96h). The complex DPPM, the
hatching rate, in the 48h to 96h, was higher than 30% at all concentrations tested. The mortality rate was
less than 20% in all the concentrations tested (48h to 96h).
Financial support: CAPES
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INVESTIGATION IN VITRO OF CELL DEATH MECHANISMS TRIGGERED BY TWO
RUTHENIUM COMPLEXES IN TRIPLE NEGATIVE BREAST CANCER CELLS
Teixeira TM1, Velozo-Sá VS1, Lima AP1, Carvalho WP1, Mello FMS1, Pereira LR2, Batista AA2,
Silveira-Lacerda EP1.
1.

Department of Genetic, Institute of Biological Sciences, Federal University of Goias - UFG, Goiania,
GO, Brazil.

2.

Department of Chemistry, Federal University of São Carlos - UFSCar, São Carlos, SP, Brazil.
E-mail: silveiralacerda@gmail.com

Cisplatin-based drugs are still the most widely anticancer drugs used in the world. However, the use
of cisplatin is limited because of side effects in patients. Furthermore, the emergence of resistance to
chemotherapeutic treatment has been shown to be a problem and a challenge in the cure of breast
cancers. The aim of the present study was to test, in vitro, two ruthenium complexes, LGMC-68(DPPM)
and LGMC–69(DPPE), against breast cancer triple negative MDA-MB-231 cell line and investigates the
mechanisms involved in tumor cell death. The first step consisted in using MTT test to determine the IC50
values of MDA-MB-231 treated separately for 48h with LGMC-68 and LGMC–69, respectively. This test
indicated that these complexes inhibited the tumor cell growth in low concentrations, and the IC50 values
obtained were: MDA-MB-231 (0.075 µM ± 0.004 and 0.21 µM ± 0.08, respectively). In order to determine
the selectivity index, we performed this test with normal cells, L-929. The IC50 for this cell line was 0.60 ±
0.190 and 0.23 ± 0.0007. The selectivity index obtained to MDA-MB-231 treated with LGMC-68 was 8.0.
Posteriorly, we performed the following tests: cell cycle phase’s distribution, anexin V-FITC/Propidium
Iodide and comet assay. The analysis of MDA-MB-231 cell cycle phases by flow cytometry demonstrated
a statistically significant G0/G1 phase arrest. The proportion of MDA-MB-231 cells treated with LGMC68 and LGMC-69 during 48h were higher (66.11% and 65.61%, respectively) than negative control cells
(55.20%). These results were associated with a statistically significant decrease in the proportion of cells
in S phase (22.9% and 20.36%, respectively), comparing with negative control cells (36.86%). FITCAnnexin V/PI assay carried out in flow cytometer for MDA cells treated with IC50 concentrations of LGMC68 and LGMC–69 presented significant amounts of late apoptotic cells, specifically 23.39% and 17.5%,
respectively. The comet assay results demonstrated that IC50 concentrations of LGMC-68 and LGMC69 caused statistically significant damages in MDA treated for 24h. Theses damages were repaired for
LGMC-68 within 48 hours. However, for LGMC-69, the damages weren’t repaired and become more
drastic. Thus, these complexes have been shown to be promising for breast cancer treatment, especially
against triple negative cancer and further investigations on protein expression are required to confirm the
mechanism of cell death developed by these ruthenium complexes.
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GENETIC, BIOCHEMICAL AND IMMUNOLOGICAL ALTERATIONS IN PERIPHERAL
BLOOD CELLS FROM CHRONIC SMOKERS.
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Smokers are exposed to a variety of chemical agents that can cause a range of health detrimental effects.
Previous studies have shown that cigarette smoking can cause irreparable damage to the genetic material,
cell injury, and, consequently, the development of pulmonary diseases. However, the genotoxic effects
of cigarette smoking and its consequences are still controversial in asymptomatic smokers. Therefore,
the goal of the present study was to evaluate the effect of chronic smoking exposure (at least 10 years)
on the levels of DNA damage (comet assay) in peripheral blood mononuclear cells, besides evaluation
of hematological, biochemical, immunological, and physiological parameters related to lung function.
We conducted a cross-sectional study in 40 smokers and 40 healthy subjects, matched by sex and age.
Peripheral blood were collected and processed for comet assay and for the analysis of total cholesterol,
glucose, PCR, HDL, LDL, basal insulin, triglycerides, hemoglobin, hematocrit, platelets, leucogram;
besides neutrophils, lymphocytes and monocytes cell count. The amount of DNA damage in the smokers
subjects was significantly higher than in non-smokers. Increased levels of expired carbon monoxide
(exCO) and decreased rates of expiratory peak flow were observed in smokers subjects. Biochemical
analysis showed decreased levels of HDL and increased levels of glucose, insulin, PCR in smokers
subjects. Moreover, leukogram values and neutrophils cell count were significantly increased in smokers
subjects compared to non-smokers. Positive and negative correlations among DNA damage levels and
eosinophil cell count (R2= 0,2535, p= 0,02); PCR (R2= 0,3384, p= 0,002), exCO (R2= 0,2786, p= 0,01),
cigarette quantity/day (R2= 0,3926, p= 0,01), and HDL levels (R2= -0,2782, p= 0,01) were observed. Our
results reinforce the genotoxicity of cigarette smoking and demonstrated its effects on immunological and
biochemical parameters. These alterations may be related to increased inflammatory process; which in
turn, could be also related to increase DNA damage levels. Thus, cigarette smoking promotes changes
in genetic, immunological and biochemical parameters that leads to an imbalance of organism protector
factors and, consequently, homeostasis disturbance.
Financial support: Fapesp (process -2014/17893-0)
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WHOLE-EXOME SEQUENCING REVEALS THE IMPACT OF UVA-LIGHT MUTAGENESIS
IN HUMAN CELLS IN THE PRESENCE AND ABSENCE OF POL ETA
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The genome of all living organisms is subjected to the exposure of both exogenous and endogenous
mutagens. Mutations induced by these agents accumulates in higher rates when DNA repair or damage
tolerance pathways are defective. Exposure to UV-light induces direct CPD and 6-4PP lesions and
indirect base oxidization leading to cell death and mutagenesis, the basis for aging and cancer in humans.
Although UVA wavelength composes most of UV-light which reach Earth, little is known about its impact
in mutagenesis. Patients with Xeroderma Pigmentosum Variant (XP-V) have impairments in the function
of polymerase eta (pol eta) showing an increased incidence of cancer which can be associated with a
sunlight exposure effect. However, UVA-induced DNA damage processes are not clearly understood.
Thus, we used a whole-exome sequencing approach to investigate UVA mutagenesis using pol etadeficient, complemented and normal human cells by irradiation with UVA-light, at doses similar to natural
sunlight exposure levels. Control and UVA-irradiated cells were cloned and expanded for genomic DNA
extraction from each cell clone population. Whole-exome enrichment was performed, and libraries were
barcoded and sequenced using Illumina HiSeq platform. Reads were aligned with BWA and SNVs were
called using GATK pipeline and hg19 as the reference genome. SNVs were annotated with ANNOVAR
and filtered to pick up only exclusive SNVs for each sample, compared to other samples from the same
experimental group. SNV profiles were then evaluated using woland tool, and mutational signatures were
extracted using SomaticSignatures package. The results reveal that UVA-light irradiation increases overall
mutagenesis in both cell types. The absence of pol eta in irradiated cells is associated mainly with higher
levels of CPD, and 8-oxoG mutations, when compared to XPV complemented cells. In addition, untreated
XP-V cells showed higher levels of mutations associated with 8-oxoG mutational motifs. Therefore, these
results indicate that UVA-light induces direct and oxidative-related DNA damage, both with mutagenic
consequences, especially in XP-V cells. Moreover, the absence of pol eta can also be associated with
higher levels of mutations due to basal redox DNA damage, even in the absence of UVA-light, which may
contribute to increased levels of tumors in XP-V patients.
Financial support: FAPESP, CNPq, and CAPES.
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LUMINESCENT MATERIAL FOR BONE REPAIR: CYTOTOXICITY, GENOTOXICITY AND
MUTAGENICITY
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Poly(ε-caprolactone) polymer (PCL) has excellent mechanical properties. One of the methods for
improving its biocompatibility and reabsorption time is the addition of inorganic phases. A trend in the
development of polymer composites is to produce them luminescent to facilitate their visualization in
diagnostic imaging or for use in photodynamic therapy. Among the rare earth elements, Erbium and
Ytterbium have the property of luminescence. The objective of this study was to evaluate the cytotoxic
potential (XTT and Clonogenic Survival - CS), genotoxicity (Comet Assay - CA) and mutagenicity
(Cytokinesis-blocked micronucleous assay - CBMN) of pure PCL and associated to oxyapatite doped
with Ytterbium and Erbium (P+E+Y) in CHO-K1 cells. CHO-K1 cells were treated for 24h with eluates
made according to ISO 10993:12, in different concentrations (100%, 75%, 50%, 25%). As positive
controls, doxorubicin (XTT, CS, CBMN) and hydrogen peroxide (CA), and CHO-K1 cells without the
action of any treatment were used as a negative control (NC). For XTT, the absorbance was measured
at 492 nm, and the cell viability was calculated. For CS, the number of colonies in NC was considered as
100% and surviving fraction was calculated. The percentage of DNA in the Tail and Tail Moment were
used to measure the genotoxicity (CA). The frequencies of binucleated cells with micronucleus (FBMN)
and micronucleus (FMN) were analyzed (CBMN). Three independent experiments were conducted.
Statistical analysis was performed using ANOVA followed by Tukey’s test and Dunnett’s. The significance
level was 5%. Pure PCL and P+E+Y eluates did not show cytotoxicity by XTT and CS assays, since they
presented no statistical difference compared to NC. Higher concentrations of P+E+Y eluates showed
genotoxic potential, since they presented significant difference compared to NC (p<0.05; Dunnett’s).
Similar results were observed for the CBMN, with higher concentrations presenting mutagenic effects
(p<0.01; Dunnett’s). It was concluded that the materials were not cytotoxic, however genotoxicity and
mutagenicity were observed in higher concentrations of P+E+Y eluates in CHO-K1 cells. Further studies
should be performed in order to confirm the toxic potential of this material and suggest the use of it at low
concentrations, ensuring the safety of this biomaterial.
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LACK OF MUTAGENICITY OF METFORMIN IN THE DROSOPHILA SOMATIC MUTATION
AND RECOMBINATION TEST
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Metformin (MET) (N, N′-dimethylbiguanide) is an anti-diabetic drug used to prevent hepatic glucose
release and increase tissue insulin sensitivity. Doxorubicin (DXR), used as mutagen reference, is an
anti-cancer chemotherapeutic agent that interferes with topoisomerase II enzyme and generates free
radicals. In this study, the standard (ST) and high bioactivation (HB) crosses of the wing Somatic
Mutation and Recombination Test in Drosophila melanogaster were used to assess MET mutagenicity/
recombinogenicity. Third-instar larvae trans-heterozygous for two genetic markers, multiple wing hair
(mwh) and flare (flr3) were treated with different concentrations (2.5; 5; 10; 25 or 50 mM) of MET. Negative
(ultrapure water) and positive (DXR 0.4 mM) controls were included in both experiments. The results
were rather similar. MET did not alter the frequency of spontaneous mutant spots in this test system in
both crosses, demonstrating that MET is not metabolized by the Cytochrome P450 enzyme complex,
especially CYP6A2, which was found to be present in the insecticide-resistant strain [OR(R)] at higher
levels than in the insecticide-sensitive (flr3) strain. This result is in line with previous literature data
suggesting that there are no evidences that MET is metabolized, once it is excreted unchanged in the
urine. The reference mutagen (DXR) significantly increased the frequency of all mutant spot categories.
Conclusion: Under the experimental conditions, MET has no mutagenic and/or recombinogenic effects in
wing somatic cells of D. melanogaster.
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OXIDATIVE AND GENOTOXIC DAMAGE IN NEURONAL CELLS CAUSED BY ADVANCED
GLYCATION END PRODUCTS (AGEs) GENERATED BY GLYCOXIDATION MEDIATED BY
COPPER AND REACTIVE OXYGEN SPECIES (ROS).
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In Diabetes Mellitus the glucose excess in the blood can influence metabolism processes, such as increased
protein glycation. It generates Advanced Glycation End Products (AGEs) that are being correlated with
increase of oxidative stress, inflammation and development of neurodegenerative diseases. This process
can be accelerated in the presence of trace metals and free radical, generating a new process, the
glycoxidation. Seeking to assess the damage to DNA by AGEs in neuronal cells, we used the CBMN
(Cytokinesis-block micronucleus cytome assay) for genotoxic and mutagenic evaluation. The AFM
(Atomic Force Microscopy) assay was used to evaluate the morphology and topographic alterations in
neuronal cells caused by AGEs. For evaluation of oxidative damage, protein carbonylation assay and
oxidative stress assay by glutathione oxidase/reductase levels method are in course. We performed an
in vitro glycoxidation system using a peptide model derived from the HSA in the presence of glucose and
oxidizing environment (Cu(II) and H2O2), in which the reaction products were identified, quantified isolated
and purified by HPLC/MS technique. The AGEs obtained in peptide modification caused by glycoxidative
system, were characterized, purified and prepared different solutions at the following concentrations of
the modified peptide (MP), MP 15 μM, MP 29,50 μM and MP45 μM, and finally were tested in motor
neurons (NSC34 line). Our results demonstrated increased dose-dependent in DNA damage. Evaluating
the results obtained by CBMN, only MP15 μM treatment showed decreased nuclear division (NDI =
1.86 ± 0.03). Other results obtained by CBMN also demonstrated a dose-dependent in cell death (via
apoptosis), nuclear abnormalities (NBUD and NPB) and micronuclei induction. The AFM studies of the
cell morphology, visually, revealed that the cell volume increased in dose-dependent of MP treatment,
and the presence of possible cellular apoptotic bodies was observed, evidencing cell death via apoptosis
as noted in the CBMN assay. The NSC-34 cells that were exposed to the MP demonstrated an increase
in the membrane roughness and dome formation compared with the control cells. The preliminary results
of protein carbonylation and oxidative stress assay indicate increased carbonylation of proteins caused
by MP treatment and redox unbalance observed at altered levels of glutathione ratios. We observed the
genotoxic effects as cell death, oxidative damage and stress oxidative in NSC-34 cells caused by AGEs.
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