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Resumo

Cerca de 11% dos medicamentos considerados essenciais pela OMS sao derivados de
plantas medicinais, dai a importancia do desenvolvimento de testes cientificos sobre essas
plantas, avaliando, além do seu real potencial farmacolégico, a genotoxicidade, mutagenicidade,
antigenotoxicidade, citotoxicidade, dentre outros, para esclarecer se 0 uso de tais plantas por
seres humanos € seguro. Crataegus oxyacantha é uma planta originalmente encontrada na
Europa e, devido & suas potencialidades medicinais, ja h4 muito tempo foi introduzida no
continente sulamericano. Pertencente a familia Rosaceae, a arvore forma, na primavera, cachos
grandes de flores brancas ou rosas de fragrancia agradavel, que no outono se transformam em
pequenos frutos vermelhos. A importancia da C. oxyacantha se da pela presenca comprovada de
flavonoides, que sdo conhecidos por sua acdo antioxidante. Devido a inexisténcia na literatura de
estudos investigando a toxicidade genética de C. oxyacantha para o0s seres humanos, o presente
estudo foi elaborado visando avaliar se o0 extrato de frutos desta planta apresenta efeitos
citotoxico, genotdxico e clastogénico/aneugénico em leucocitos humanos e células HepG2 em
cultura, e mutagénico em cepas de Salmonella typhimurium (teste de Ames). Os resultados da
analise de genotoxicidade mostraram que 0 extrato ndo apresentou efeitos genotdxicos nas
concentracdes de 2,5 e 5,0 pg/ml em ambos os tipos celulares analisados, no entanto, em
concentracdes acima de 10 pg/ml verificou-se a ocorréncia de danos significativos ao DNA. Os
resultados do teste do microndcleo também mostraram que nas concentragcdes de 10ug/ml e
superiores foram observados efeitos mutagénicos nas células estudadas. No teste de Ames,
somente na cepa TA98 de S. typhimurium, com ativacdo metabdlica, o extrato se mostrou
mutagénico. Os dados obtidos no presente estudo nos permitem concluir que, nas condi¢bes do
experimento, o extrato de frutos de C. oxyacantha apresenta efeito genotoxico e
clastogénico/aneugénico em concentra¢des acima de 10 pug/ml; e pelo teste de Ames, 0 extrato,
apos metabolizacdo, apresenta efeitos mutagénicos. Devido ao potencial medicinal desta planta e
ao fato de algumas formulagdes com extratos da mesma ja estarem sendo comercializados, 0s
resultados de genotoxicidade positiva obtidos neste trabalho indicam cautela no uso desse
extrato, e apontam para a necessidade de mais estudos, tanto in vitro quanto in vivo, que avaliem

a toxicidade genética do extrato de frutos e de outras partes desta planta.
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Abstract

About 11% of medicines considered essential by WHO are derived from medicinal
plants, being important to develop scientific tests on these plants, evaluating several aspects as
its pharmacological potential, genotoxicity, mutagenicity, antigenotoxicity, cytotoxicity, among
others, to clarify if the use of such plants is safe for humans. Crataegus oxyacantha is a plant
originally found in Europe and due to its medicinal potential, was at long time introduced in the
South American continent. Belonging to the Rosaceae family, the tree form in the spring, large
bunches of white flowers and pleasant fragrance of roses, which in autumn turn into small red
fruits. The importance of C. oxyacantha is attributed to the presence of flavonoids as
constituents, which are known for their antioxidant activity. Considering the absence in the
literature of studies investigating the genetic toxicity of C. oxyacantha to humans, this study was
designed to evaluate if the fruits extract of this plant present a cytotoxic, genotoxic and
clastogenic/aneugenic effects in cultured human HepG2 and leukocytes cells, and mutagenicity
in Salmonella typhimurium strains (Ames test). The results of genotoxicity analysis evidenced
that the extract showed no genotoxic effects at 2.5 and 5.0 ug/ml concentrations, in both cell
types tested, however, at concentrations above of 10 ug/ml significant DNA damage was
observed. The micronucleus test results showed that the concentrations above of 10 ug/ml also
produced clastogenic/aneugenic effects on the cells studied. The Ames test showed that in the S.
typhimurium TA98 strain, with metabolic activation of the extract, was observed mutagenic
effects. The data obtained in this study allow us to conclude that, under the experimental
conditions employed, the fruits extract of C. oxyacantha has genotoxic and
clastogenic/aneugenic effects at concentrations above of 10 ug/ml; and by the Ames test, the
extract after metabolization, has mutagenic effects. Due to the medical potential of this plant and
the fact that some formulations with extracts of it are already being marketed, the genetic
toxicity observed in this study indicate caution in the use of this extract, and point to the
necessity of further studies, both in vitro and in vivo, to better evaluate the genotoxicity of the

fruit extract and other parts of this plant.
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1- INTRODUCAO

1.1 MUTACAO E A GENETICA TOXICOLOGICA

Uma mutacdo pode ser definida como uma mudanca na sequéncia do DNA, que pode
levar ou ndo a uma alteracdo da funcdo génica (RIBEIRO et al., 2003). Sendo assim o estudo
dessas mutacBes através da Genética Toxicoldgica se faz estritamente necessario quando
qualquer medicamento, fitoterdpico ou ndo, entra em circulacdo. O objetivo deste tipo de estudo
nada mais é que identificar e analisar as possiveis interacfes entre materiais genéticos e agentes
toxicos. Para 0 sucesso de tais estudos, o entendimento das propriedades fisico-quimicas dos
compostos e o0s seus efeitos sobre as células sdo fundamentais, permitindo demonstrar o
potencial do composto de comprometer o organismo exposto e até mesmo levar a sua morte
(ARNAIZ, 1995).

E de conhecimento amplo que mutages ocorrem nos seres vivos ao longo de sua vida, se
mostrando determinante para a evolugdo das espécies, bem como para a diversidade bioldgica.
Por outro lado, as mutagcdes também podem acarretar doencgas genéticas e desajustes celulares.
De forma natural as células desenvolveram mecanismos para reverter estas mutacfes tentando
assim reparar danos ocasionalmente causados ao DNA. Dentre estes mecanismos podemos citar
0 BER (base excision repair), o NER (nucleotide excision repair), o reparo por recombinacao e o
MMR (mismatch repair). O BER é conhecido por atuar principalmente em danos causados por
agentes enddgenos; seu mecanismo inicia-se pelo reconhecimento e excisao de bases danificadas
pelas DNA glicosilases sem ou com atividade 3'-AP liase associada, a excisdo da base resulta em
um sitio abasico (AP - apurinico ou apirimidinico) sem ou com incisdo 3', que é reconhecido por
outro grupo de enzimas, as AP-endonucleases, que fazem a incisdo na extremidade 3' ou 5' do
sitio AP, gerando uma lacuna. Esta é preenchida através de polimerizacdo e ligacdo de novos
nucleotideos a sequéncia de DNA. O NER atua principalmente em danos provocados por agentes
exogenos que causam distor¢do da dupla hélice do DNA, a atuacdo envolve ao menos 30
proteinas atuantes em 5 processos: reconhecimento da leséo; abertura da dupla hélice de DNA
onde esta localizada a leséo; dupla incisdo distante alguns nucleotideos dos lados 5' e 3' do sitio
da les&o; sintese do novo DNA utilizando como molde a fita ndo danificada e ligacdo da por¢édo
5' da nova fita sintetizada a cadeia pré-existente. O mecanismo de reparo por recombinacéo pode
atuar em lesbes com a dupla quebra da cadeia de DNA. Existem duas dire¢cdes envolvidas no
reparo desse tipo de lesdo: recombinacdo homologa (HR — "homologous recombination™), que

13
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assegura um reparo bastante preciso; e juncdo de pontas ndo homologas (NHEJ — "non-
homologous end joining™), sujeito a erro (BERRA et al., 2006). Além destes também temos o
MMR (mismatch repair) ou reparo de erros de pareamento de bases, que tem como principal
funcdo eliminar bases erroneamente selecionadas e insercdes ou delecGes que surgem pelo
deslizamento da polimerase durante a replicacgio do material genético (PINTO &
FELZENSZWALB, 2003, pg 29). Uma falha em qualquer um destes mecanismos pode levar a

um processo de carcinogénese.

Um aumento no numero de mutacdes, alterando a sequéncia das bases do DNA pode ser
causado pelos agentes mutagénicos, podendo acelerar ou ainda aumentar o aparecimento do
processo carcinogénico. O aparecimento do cancer pode ser acarretado pela perda do controle da
divisdo celular como resultado do numero elevado de mutacbes apds sucessivas divisdes
celulares (RIBEIRO et al., 2003).

Os testes padronizados para avaliacdo de genotoxicidade podem ser realizados em varios
organismos e resultando em informacGes seguras e precisas quanto a potencialidade do agente de
causar danos ao DNA (FERNANDES, 2005). Para identificar e analisar esses chamados agentes
mutagénicos é necessario o0 conhecimento sobre o0s processos mutacionais e os fatores
desencadeantes destes, sendo assim possivel a administragdo com reducédo de riscos (SILVA et
al., 2003).

Os agentes mutagénicos podem ser drogas, detergentes, cosméticos, agrotdxicos,
fitoterapicos, dentre outros, e atualmente tém sua acdo sobre as células investigada
principalmente através de testes realizados em culturas celulares. No entanto, os resultados
obtidos nestes chamados estudos “in vitro” ndo devem ser diretamente repassados a animais, mas
servem como referéncias e suporte para uma avaliacao de possiveis efeitos no sistema bioldgico.
E provado que se um agente causa dano em cultura celular, possivelmente ele também causara
algum efeito similar em organismos completos (CARVALHO, 1996). Métodos de estudo “in
vitro” em Genética Toxicologica sdo amplamente utilizado por possibilitarem uma melhor
padronizacdo das etapas e caracteristicas do ensaio, como temperatura, pH, tempo de tratamento,
combinacdo de substancias, variagdo de doses, entre outros, além de se obter resultados
expressivos sem o sacrificio de grande quantidade de animais (BRUSICK, 1987; ROGERO et
al., 2003).

N&o devem existir davidas de que os testes de avaliagdo de genotoxicidade devem fazer

parte de um sistema de analise de todos os agentes quimicos, fisicos ou bioldgicos a que o
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homem venha a ser exposto. Para tanto, alguns protocolos e diretrizes regulatorias internacionais
tém sido frequentemente determinados na tentativa de padronizacdo de alguns testes de
genotoxicidade, sendo estes amplamente recomendados. De acordo com a literatura, o teste do
micronucleo, 0 ensaio cometa e 0 teste de Ames sdo testes recomendados por orgaos de
regulamentacéo técnica, fazendo parte de uma bateria de testes impressindiveis (ANVISA, 2013;
CANDIDO-BACANI PDE et al., 2011; CHOY, 2001).

1.2 Ensaios in vitro e a Mutagénese

A mutagénese é a ciéncia que estuda o processo de indugdo de danos no DNA pela acdo
de agentes quimicos, fisicos e biologicos. A mutacdo consiste em toda alteracdo do material
genético que nao resulta dos processos de segregacdo ou recombinacdo, capaz de influenciar ou
ndo a atividade normal da unidade genética onde ocorreu (LEWIN, 2000). Qualquer substancia
capaz de reduzir a frequéncia de mutacGes espontaneas ou induzidas, independentemente do
mecanismo de acdo, é considerada antimutagénica (DE FLORA, 1998). J& os chamados agentes
mutagénicos alteram a sequéncia nucleotidica, podem acelerar ou aumentar o aparecimento de
mutacdes que estdo associadas ao desenvolvimento de neoplasias (RIBEIRO & MARQUES,
2003).

Genotoxicidade é um termo amplo e refere-se ao efeito potencial de danos no material
genético, que ndo estd necessariamente associado com mutagenicidade. No entanto, testes de
genotoxicidade ddo uma indicacdo de danos induzidos no DNA. O ensaio do cometa e do
microndcleo in vitro tem grande aceitacdo na comunidade cientifica, por essa razdo foram
utilizados no presente estudo. Além disso, a avaliacdo de mutagenicidade ou antimutagenicidade
in vitro apresenta muitas vantagens: (1) facilidade de padronizacdo das condi¢bes experimentais
(pH, composicdo do meio de cultura, densidade populacional); (2) o tratamento € possivel em
qualquer fase do ciclo celular; (3) € econébmico e de boa reprodutibilidade; (4) em geral, as
celulas mostram-se mais uniformes quanto ao metabolismo e comportamento; (5) o DNA e a
organizacdo dos cromossomos sdo idénticas as demonstradas in vivo (RODRIGUES, 1991 apud
LUIZ, 2002).

Os testes in vitro vém sendo extensivamente utilizados tanto para identificar agentes
genotoxicos como antigenotdxicos. Os ensaios que utilizam células de mamiferos, em especial a
de seres humanos, tém se mostrado bastante eficazes para estudos sobre os mecanismos

envolvidos na atividade quimioprotetora, ja que tais células, diferentemente das procariéticas,
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reproduzem algumas das situacfes observadas in vivo, como por exemplo, os sistemas de reparo
do DNA e do metabolismo de compostos xenobio6ticos (WATERS et al., 1996). Além de evitar o
uso de animais de experimentacdo, dentre 0s aspectos positivos da utilizacdo de ensaios in vitro
em estudos de genotoxicidade/antigenotoxicidade, estdo as possibilidades de se testar um maior
nimero de compostos em menor periodo de tempo e com variacdes nos protocolos de
tratamento.

Uma das vantagens do uso de sistemas in vitro para identificacdo de agentes mutagénicos
e antimutagénicos, é a possibilidade da avaliacdo mais rapida da acdo da substancia teste sobre

as células e sobre diversos mutagenos com diferentes mecanismos de inducéo de danos no DNA.
1.3 O Ensaio Cometa e o Teste do Micronucleo

O teste do cometa visa evidenciar a corrida de fragmentos de DNA em relacdo ao nucleo
principal, quando este é submetido a uma corrente em eletroforese, produzindo aspecto
semelhante a um cometa; é um método réapido e sensivel para a detec¢do de danos primarios no
DNA que tem sido amplamente utilizado na Genética Toxicologica por ser um teste
relativamente simples, flexivel, de rapidos resultados, onde um pequeno numero de células por
amostra e pequenas quantidades da substancia teste sdo suficientes para conduzir um
experimento (TICE et al., 2000). Segundo Gunasekarana (2015) em comparagdo com as Varias
técnicas, como PCR e FISH, os estudos mostraram que o teste cometa é método mais altamente
sensivel para detectar niveis baixos de danos no DNA, podendo os resultados serem obtidos num
curto periodo de tempo. Além disso, o teste se sobressai devido a possibilidade de uso de varios
tipos celulares, como células mononucleares do sangue periférico, células epiteliais bucais,
células epiteliais nasais, epitélio do cristalino, espermatozoides, bem como tecidos de bidpsia;
tornando o ensaio uma ferramenta versatil e eficiente.

O mecanismo principal, proposto por Ostling e Johanson (1984), é que o DNA é
organizado em grandes estruturas supercoloidais que, quando separadas por quebras na dupla-
fita de DNA, podem migrar para o anodo através da eletroforese, sendo que a aparéncia dos
nucleodides submetidos ao teste levou Olive (1989) a sugerir o0 nome “Comet Assay” (KLAUDE
et al., 1995; RIBEIRO & MARQUES, 2003; TICE et al., 2000). Com altas doses de irradia¢do
gama, a cauda do cometa consiste em fragmentos de DNA que migram mais livremente no gel
do que os DNA inteiros (OSTLING & JOHANSON, 1984). A técnica foi modificada por Singh

et al. (1988) que usaram eletroforese alcalina para analisar danos no DNA de tratamentos com
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raio-x ou H,O,. O nimero de publicacGes baseadas na técnica do cometa cresceu nos ultimos
anos, sendo a alcalina a técnica mais usada, com pequenas varia¢cdes em alguns passos. Desde
que a técnica se desenvolveu de forma empirica, houve a necessidade de padronizar e assegurar
o0 entendimento dos mecanismos em que esta se baseia (KLAUDE et al., 1995; OECD, 2014).
Para a interpretacdo dos danos, as células sdo coradas e analisadas em microscopio de

fluorescéncia onde sdo verificados os tamanhos das caudas formadas em relacdo ao nucledide,
obedecendo aos seguintes critérios (SPEIT et al., 1996) (FIGURA 1):

e Classe 0 —sem dano (n&o apresenta cauda)

e Classe 1 — poucos danos (cauda menor que o tamanho do nucledide)

e Classe 2 — danos moderados (cauda com tamanho até 2 vezes maior que o nucledide)

e Classe 3 — danos intensos (cauda com tamanho superior a 2 vezes o0 nucledide)

* células apoptoticas e necroticas ndo sdo consideradas.

Figura 1: Classes observadas de cometas: A classe 0, B classe 1, C classe 2 e D classe 3
(CORTES-GUTIERREZ et al., 2011).

Além de ser feita visualmente, a leitura dos cometas pode ser realizada de maneira
automatizada com o auxilio de softwares especificos que, segundo a literatura, proporcionam
resultados com alta semelhanca (COLLINS, 2004).

Comparada com outras técnicas a técnica do cometa apresenta algumas vantagens, dentre
elas: (1) Apresenta sensibilidade em apontar baixo nivel de danos no DNA; (2) Requerimento de
baixo numero de células por amostras; (3) Flexibilidade; (4) Baixo Custo; (5) Facil aplicacao; (6)
Habilidade de conduzir estudos utilizando pequenas porcfes de substancias; e (7) Tempo

relativamente curto para a realizagdo de experimentos (TICE et al., 2000).
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O Ensaio cometa também foi descrito como eficaz para estudos de monitoramento de
células germinativas (SPEIT et al., 2009) e pesquisa de estresse oxidativo (COLLINS, 2013).

O Teste do Micronucleo (MN) é o ensaio mais amplamente utilizado para a detecgdo de
agentes clastogénicos e aneugénicos, sendo internacionalmente aceito como parte da bateria de
testes recomendados para avaliacdo do potencial mutagénico, para o registro de novos produtos
quimicos que entram no mercado mundial (CHOY, 2001; OECD TG 487, 2014).

Os microndcleos sdo resultantes de dois fendmenos basicos nas células mitoticas
(FIGURA 2): quebra cromossdmica e disfuncdo do aparato mitotico. Sdo formados pelos
cromossomos acéntricos ou fragmentos cromatidicos e cromossomos inteiros ou cromatides que
se atrasam na anafase e sdo excluidos do nucleo-filho na teléfase (FENECH, 2000). Apesar do
teste do micronacleo detectar efeitos clastogénicos (micronucleo contendo fragmento do
Cromossomo) ou aneugénicos (micronucleo contendo cromossomo inteiro), essa diferenciacdo so
pode ser vista através da técnica de hibridacdo in situ fluorescente (FISH), ou seja, sem este auxilio
apenas se observa a presenca ou auséncia de microndcleo nas células (MATEUCA et al., 2006).
Sistemas in vitro podem ser realizados com diversas linhagens celulares e sdo eficientes para
detectar efeitos clastogénicos e aneugénicos. Segundo Valentin—Severin et al. (2003), uma
substancia micronucleo positiva pode ser considerada mutagénica.

Devido ao fato do micronucleo somente poder ser detectado em células que completam
uma divisdo nuclear, o teste do micronicleo com bloqueio de citocinese € feito com a adicéo de
Citocalasina B. Tal procedimento oferece grande vantagem porque os dados obtidos ndo sdo
confundidos por altera¢Ges na cinética da divisdo celular causada pela citotoxicidade dos agentes
testados ou condi¢Bes de cultura ndo adequadas. Além disso, com a utilizacdo simples de
critérios morfoldgicos, permite a mensuracdo de genotoxicidade e citotoxicidade: quebras
cromossémicas, perdas cromossdmicas, rearranjos cromossomicos (pontes nucleoplasmaticas),
inibicdo da diviséo celular, necrose e apoptose (FENECH, 2000) (FIGURA 3).

Valentin-Severin et al. (2003) e Piperakis (2009) salientaram que a diferenca entre os
testes do cometa e do micronucleo consiste basicamente no tipo de alteragdo detectada no DNA:
0 teste do cometa detecta lesdes primarias, que muitas vezes sao reparaveis, enquanto o teste do
micronucleo detecta lesdes irreparaveis. Estes sdo alguns breves relatos da potencial aplicagdo

desta metodologia in vitro em ensaios de genotoxicidade/antigenotoxicidade.

18



\V/
A##i#v UNIVERSIDADE ESTADUAL PAULISTA
u nesp JULIO DE MESQUITA FILHO” F
Campus de Botucatu r

PG-BGA

Instituto de Biociéncias.
de Botucatu - Unesp

A20T8 E-NISYIVHDOLAD

c0 @0

Figura 2: Formacdo de micronucleos e representagdo com citocalasina B (FENECH,
2000).

Teste do Micronucleo - Linfocitos|

Mononucleada Binucleada Trinucleada Tetranucleada

Micronucleo Broto Ponte

Figura 3. Teste do Micronucleo em linfécitos humanos, com o0s parametros que sao
avaliados (FRODER, 2016).
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1.4- O Teste de Ames

O teste de Ames ou Salmonella/microssoma foi descrito por Ames em 1971 e,
posteriormente modificado por Maron e Ames em 1983. O teste se baseia na utilizacdo de cepas
de Salmonella typhimurium geneticamente modificadas, através da engenharia genética, que
perdem a capacidade de sintetizar um aminoacido essencial especifico, a histidina e, portanto néo
sdo capazes de se proliferar e formar colonias em meio com a auséncia deste. Algumas
substancias tem a capacidade de promover uma mutacao reversa no gene atingido fazendo com
que a célula volte a produzir histidina. Diversas cepas podem ser utilizadas no teste, cada uma
delas possui uma mutacdo diferente em cada operon do gene da histidina, ou seja, essas
diferencas permitem diferenciar cada composto em relacdo ao tipo de mutacdo causada
(MORTELMANS & ZEIGER, 2000). No teste, concentracGes da amostra a ser analisada sdo
acrescidas de uma aliquota da cultura de bactéria contendo a cepa selecionada, este mix é
incubado e posteriormente semeado em placas contendo meio apropriado, ap6s 48 horas o
namero de colbnias revertentes por placas é contabilizado. Como se sabe que alguns quimicos
SO sdo ativos apOs metabolizacdo, o processo é realizado também com a adicdo de uma fracdo
metabolizadora derivada de figado de rato (VARGAS et al., 1993).

Linhagem | Mutacdo | Tipo de mutacdo Taxa de reversdo espontanea
TA 1535 | hisG46 Substitui¢do de pares de base 20-35

TA 1537 | hisC3076 | Deslocamento do quadro de leitura | 5-25

TA 97a hisG6610 | Deslocamento do quadro de leitura | 90-180

TA 98 hisD3052 | Deslocamento do quadro de leitura | 25-75
TA 100 hisG46 Substituicao de pares de base 75-225
TA 102 hisG428 | Substitui¢do de pares de base 240-320
TA 104 hisG428 | Substituicdo de pares de base 245-475

Tabela 1: caracteristicas das cepas de Salmonella typhimurium comumente utilizadas
(modificado de UMBUZEIRO, VARGAS, 2003).

Por ser um teste simples, rapido, eficiente, de alta reprodutibilidade e permitir avaliar,
inclusive, amostras mais complexas, o seu uso ¢ muito difundido (McCANN et al., 1975;
CLAXTON, UMBUZEIRO, DEMARINI, 2010).

Alguns testes genéticos se fazem necessarios antes da utilizagdo das cepas no ensaio.
Estes testes sdo realizados visando confirmar as caracteristicas de cada cepa, imprescindiveis

para seu uso. S&o eles: teste de dependéncia de histidina, teste de mutag&o rfa (perda parcial na
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membrana de lipossacarideos), delecdo de uvrB, presenca do plasmideo pkm101 (prova de
resisténcia a ampicilina) e prova de reversdo espontanea (MARON & AMES, 1983;
MORTELMANS & ZEIGER, 2000).

No presente estudo foram utilizadas as cepas TA 100 e TA 98, que apresentam mutacées
do tipo substituicdo de pares de bases e frameshift (insercdo e/ou delecdo de pares de bases,
mudando a matriz de leitura), respectivamente. Ambas as cepas foram testadas com e sem

presenca da fracdo metabolizadora.
1.5- Consideracdes sobre a cultura celular

Muito utilizado por mimetizar situagdes “in Vivo” no mecanismo “in Vitro”, o cultivo
celular vem sendo usado em estudos no Brasil e no mundo desde o final do século XIX. Este tipo
de cultivo deve ser realizado com maxima assepsia e possui algumas limitacées que ao longo do
tempo estdo sendo minimizadas com o uso de suplementos, meios adequados e alteragdes no pH,
na temperatura e na presséo utilizadas, entre outros.

Segundo Rogero (2003), os ensaios “in vitro” se tornaram necessarios para deteccdo de
toxicidade de substancias na mesma propor¢do em que o controle do uso de animais em
laborat6rio para experimentos se tornou mais rigoroso.

No entanto, os resultados obtidos nestes chamados estudos “in Vvitro” ndo devem ser
diretamente repassados a animais, mas servem como referéncias e suporte para uma avaliacdo de
possiveis efeitos no sistema bioldgico. E provado que se um agente causa dano em cultura
celular, possivelmente ele também causara algum efeito similar em organismos completos
(CARVALHO, 1996). Métodos “in vitro” se sobressaem a métodos “in vivo” pela possibilidade
de uma melhor padronizacéo das etapas e caracteristicas do ensaio como temperatura, pH, tempo
de tratamento, combinacdo de substancias, variacdo de doses, entre outros, além de se obter
resultados expressivos sem o sacrificio de grande quantidade de animais (BRUSICK, 1987;
ROGERO et al., 2003).

A maioria dos estudos sdo realizados primariamente em células de mamiferos
(BRUSICK, 1987) o que possibilita a realizacdo de tratamentos e intervengdes em diversas fases
do ciclo celular, uma vez que apresenta organizacdo do material genético semelhante a células
“in vivo” (RABELLO-GAY,1991).

Segundo MURRAY (2010) e TORTORA (2011), as culturas celulares podem ser

divididas em trés tipos: cultivo primario, cultivo secundario e linhagem continua. No cultivo
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primario as células sdo diploides e foram extraidas de 6rgaos ou tecidos. A sua multiplicacéo é
de 3 a 20 passagens “in vitro”. No cultivo secundario, as células sdo também diploides, mas as
passagens podem chegar de 60 a 80 “in vitro”. J& na linhagem continua as células sdo
heteroploides, e sdo capazes de ser propagadas em um numero indefinido “in vitro ™.

As células humanas mais utilizadas sdo células mononucleares, principalmente linfocitos.
Segundo alguns autores este uso se deve ao fato de linfécitos serem células primarias e serem de
facil manipulacéo em cultura de suspensao (KIRSCH-VOLDERS et al., 2011).

Além das células humanas, as células de roedores também sdo muito usadas, mais
comumente as HTC (Hepatoma Tissue Culture). As HTC séo células metabolizadoras advindas
de figado de ratos que expressam as enzimas de fase | e Il do processo de metabolizacdo de
substancias (OLIVEIRA et al., 2006). Ou seja, com o uso deste tipo de células é possivel se
analisar a influéncia da metabolizacdo na acdo citotdxica das substancias.

Entre as HTCs, uma das mais utilizadas sdo as células HepG2. Estas células foram
isoladas pela primeira vez em 1979, a partir de um hepatoblastoma de um menino argentino de
11 anos de idade (KNASMULLER et al., 1998). Este tipo celular é conhecido por apresentar
morfologia semelhante ao parénquima hepatico, assim como manter a producdo e secrecao de
enzimas e fatores caracteristicos de células normais do figado humano, o que permite a
metabolizacdo da maioria dos mutagenos, sejam eles diretos ou indiretos (KNASMULLER et
al., 1998; VALENTIN- SEVERIN et al., 2003; SUN et al., 2012). As células HepG2 conservam
atividades das enzimas de fase I, como citocromo p450, CYP1Al, CYP1A2, CYPP2B E
CYPP2EL1, e de fase Il, como glutationas, sulfotransferases e glucoranosiltransferases, que estdo
envolvidas na ativacdo de substancias que agem no DNA (UHL, HELMA E KNASMULLER,
1998).

Em 2003, Valentin-Severin e seus colaboradores realizaram testes usando as células
HepG2 e HTC, muito usadas em experimentos “in vitro. As diferencas nos efeitos observados
em cada teste fizeram com que eles avaliassem qual seria a melhor droga controle positivo para
cada teste. No ensaio cometa, 0 MMS ou metassulfato de metila se mostrou mais eficiente sendo
este um mutageno direto. J& no ensaio do micronicleo, onde podem ser vistos quebras ou efeitos

aneugénicos nos cromossomos, a droga que melhor atuou foi o benzo-alfa-pireno.
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1.6 Considerac0es gerais sobre Crataegus oxyacantha

Crataegus oxyacantha é uma arvore pertencente a familia Rosaceae, que atinge o
comprimento de 25 a 30 metros de altura. Primariamente era encontrada na Europa, América do
Norte e oeste da Asia, mas ja é encontrada em outros continentes, como o sulamericano. Na
primavera forma cachos grandes de flores brancas ou rosas de fragrancia agradavel, que no
outono se transformam em pequenos frutos vermelho brilhantes (Figura 4) (WEIHMAYR &
ERNST, 1996).

Seus frutos tém sido usados hd muito tempo como diurético, para o tratamento de
dispnéia e calculo renal (RIGELSKY et al., 2002), mas também sdo encontrados estudos
mostrando seus efeitos sedativos e ansioliticos, principalmente associado a outros extratos
(NASCIMENTO et al., 2009). Contudo, a maioria dos estudos farmacoldgicos nesta espécie
fornecem evidéncias de suas propriedades cardiotbnicas (WANG et al, 2013,
KANMANTHAREDDY et al., 2014). Em 2012, por exemplo, Vijayan e seus colaboradores
realizaram um estudo utilizando ratos wistar com dano no miocéardio induzido por isoproterenol
para comprovando que o extrato de Crataegus oxyacantha apresenta efeito protetor contra a
inflamac&o induzida e apoptose associada. J& em 2014, utilizando-se do mesmo tipo de animal,
Alp e seus colaboradores provaram que o extrato alcoodlico de C. Oxyacantha produz, nas
condicdes impostas por eles, efeitos benéficos contra arritmias induzidas por digoxina, porém
deixam clara a necessidade de mais estudos para que este fitoterapico seja indicado como
tratamento.

As investigacdes sobre a planta em questdo geralmente se concentram na identificacao e
quantificacdo de flavonoides e antocianinas, sendo que os principais flavondides identificados
sdo hiperosideo, vitexina e seus derivados (EDWARDS, 2012). Com base nestes estudos, a
atividade cardiovascular protetiva primaria de C. oxyacantha e generalizadamente atribuida aos
seus contituintes flavonodides, particularmente protoantocianidinas oligoméricas (PCOs). Estas
PCOs estdo grandemente concentradas nas folhas, frutos e flores e sdo responsaveis pelos
pigmentos que dao cores aos frutos. Devido ao alto contetdo de flavondides do extrato de
Crataegus sp, particularmente das PCOs, este apresenta uma atividade antioxidante significativa.

Alguns estudos tém mostrado que o extrato reduz o estresse oxidativo no miocardio apés
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reperfusdo e parece inibir a apoptose, resultando em um efeito cardioprotetor (JAYALAKSHMI
et al., 2004; JAYALAKSHMI et al., 2006).

Figura 4: Flores, folhas e frutos de Crataegus oxyacantha (ALTERNATIVE
MEDICINE REVIEW, 2010).

Alguns estudos com extratos de frutos de outra espécie do género Crataegus (Crataegus
microphylla) revelaram, recentemente, que estes foram capazes de proteger linfécitos humanos
em cultura de possiveis efeitos genotoxicos induzidos por radiacdo (HOSSEINIMEHR et al.,
2008; HOSSEINIMEHR et al., 2009). Este género é considerado uma das mais antigas fontes
para a farmacologia e é amplamente prescrito e utilizado na medicina (BAHORUN et al., 2003),
0 que justifica a necessidade de desenvolvimento de estudos envolvendo a analise da

citotoxicidade e toxicidade genética de extratos de plantas deste género.
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2. Objetivos

Considerando a importancia da planta Crataegus oxyacantha como medicamento
alternativo natural para seres humanos, e a inexisténcia de estudos avaliando a potencial

toxicidade genética da mesma em células eucariontes, o presente estudo foi elaborado visando:

De forma Geral:
Investigar o potencial citotdxico, genotoxico e clastogénico/aneugénico do extrato de

frutos de Crataegus oxyacantha, em células humanas in vitro.

De forma Especifica:

Determinar os constituintes quimicos majoritarios presentes no extrato.

Avaliar a viabilidade celular e a citotoxicidade do extrato de frutos de Crataegus
oxyacantha em células HepG2 e células mononucleares do sangue periférico (PBMC) humano,
pela coloragdo com azul de tripan e pelo teste do MTT;

Avaliar a viabilidade e citotoxicidade do extrato de frutos de Crataegus oxyacantha em
cepas TA 98 e TA 100 de Salmonella typhimurium;

Avaliar o potencial genotdxico e clastogénico/aneugénico deste extrato em células
HepG2 (com enzimas metabolizadoras do figado) e PBMC humanos (células sem enzimas de
metabolizacdo hepatica) in vitro, por intermédio do ensaio cometa e do teste do micronucleo com
blogueio de citocinese;

Avaliar o potencial mutagénico do presente extrato através do Teste de Ames com
presenca e auséncia de metabolizagéo.
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ABSTRACT

Crataegus oxyacantha is a plant that belongs to the Rosaceae family also being known by
the common names of "English hawthorn, haw, maybush, and whitethorn.” It has a long history
of use as a medicinal plant and has been used to treat digestive disorders, hyperlipidemia,
dyspnoea, to promote diuresis, to prevent kidney stones, among others. However, the major use
of this plant has been in the treatment of cardiovascular disorders. Due to the absence in the
literature of studies investigating the genetic toxicity of C. oxyacantha, this study was designed
to evaluate if the fruit extract of this plant has a cytotoxic, genotoxic and clastogenic/aneugenic
effects in leukocytes and HepG2 human cultured cells, and mutagenic effects in TA100 and
TA98 strains of Salmonella typhimurium bacterium. Genotoxicity analysis showed that the
extract presented no genotoxic effects at concentrations of 2.5 and 5.0 pg/mL in both cell types
examined, however, at concentrations above of 10 ug/mL (10, 50, 100 ug/ml) significant DNA
damage was observed. The micronucleus test also revealed that the concentrations of 10 pg/mL
and higher showed clastogenic/aneugenic effects on the cells studied.

In the Ames test, the extract showed mutagenic effects in the TA98 strain of S.
typhimurium with metabolic activation. The data obtained allow us to conclude that, under the
experimental conditions, the fruit extract of C. oxyacantha has genotoxic and
clastogenic/aneugenic effects in human cultured cells, and after metabolization has mutagenic

effects in bacteria cells.

Keywords: Comet assay, micronucleus test, Ames test, Mutagenic effects, Hawthorn, Rosaceae.

1- INTRODUCTION
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Crataegus oxyacantha is a plant belonging to the Rosaceae family that reaches a length
of 25 to 30 meters. It was primarily found in Europe, North America and West Asia, but due to
their medicinal potential, today can be found in other continents such as South American. During
the spring period, form large white or pink inflorescences with characteristic aroma; in the fall,
these floristic clusters become into small shiny red fruits(1).

Its fruits have been used for long time as a diuretic, for the treatment of dyspnea and renal
calculus, but also can be found studies showing its sedative and anxiolytic effects(2). However,
most of the pharmacological studies on this specie provide evidence of their cardiotonic
properties(3, 4). The protective primary cardiovascular activity of C. oxyacantha is, in general,
attributed to its flavonoids constituents, particularly oligomeric protoantocianidins (OPs).

These OPs are largely concentrated in the leaves, fruits and flowers and are responsible
for the pigments that give color to fruits. Due to the high content of flavonoids in Crataegus sp,
particularly OPs, they presents a significant antioxidant activity. Some studies have shown that
extracts of this plant reduces oxidative stress in the myocardium after reperfusion and appears to
inhibit apoptosis, resulting in a cardioprotective effect(5).

Studies on fruit extracts of other Crataegus species (Crataegus microphylla) revealed that
they have been able to protect cultured human lymphocytes against the genotoxic effects induced
by radiation (6-8). Crataegus genus is considered one of the oldest sources for pharmacology
and is widely prescribed and used in folk medicine.(9)

For the marketing of a product, natural or not, some tests are needed to investigate its
effectiveness and safety. Among the safety tests, micronucleus test, comet assay and Ames test
are recommended by regulatory international agencies to toxicological evaluation of natural
products (10, 11).

Our literature review showed that they are very few studies evaluating the genetic toxicity

of C. oxyacantha extracts. Tabach et al. (12) developed preclinical toxicological assessment of a
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phytotherapeutic product — CPV, consisting of dry aerial parts of C. oxyacantha (26.7%),
Passiflora incarnata (33.3%) and Valeriana officinalis (40%). The authors evaluated parameters
such as weight, behavior, estrous cycle, teratogenic and mutagenic effects, using dogs, rats, mice
and bacteria (Ames test). All the results reported were negative, indicating that complex mixture
CPV devoid of risk for human beings.

Considering the widespread popular use of aerial parts extract of C. oxyacantha, and the
lack of studies evaluating the genetic toxicity of fruit extract of this plant, this study was
performed to evaluate the cytotoxic, genotoxic and clastogenic/aneugenic potential of this extract
in vitro, in human leukocytes and HepG2 cells, as well as its mutagenic potential in the bacteria

cells.

2 - MATERIALS AND METHODS

2.1- Botanical material

C. oxyacantha fruits were collected in Turkey and purchased by certified distributor in
Brazil. A sample voucher was deposited in phytochemicals Laboratory of José do Rosario
Vellano University, Alfenas town, Minas Gerais state, under the number LFF00297. Dried and
powdered fruits of Crataegus oxyacantha, in a ratio of herbal drug to drug preparation of 4-7:1,
were exhaustively extracted at room temperature with methanol 70% v/v (r.t.). The macerated
was filtered and concentrated under reduced pressure, using a rotative evaporator, furnishing the

crude methanolic extract (MeOH).

2.2- Phytochemical analysis of extract
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The methanolic extract 70% was analyzed using liquid chromatography attached to a
mass detector. The chromatographic conditions used was: C18 column (100 x 2.1 mm, 1.7 mcm,
temperature 30 °C, injection volume 2 pL, using gradient mode for the mobil phase with mixture
| (water: THF: formic acid 890:90:20) and mixture Il (methanol:acetonitrile:formic acid
400:400:200) over a 0.2 mL/min flow. A triple quadrupole detector operating with eletrospray
ionization source in the negative mode (ESI -), with dessolvation temperature at 300 °C e source
120 °C, over a m/z 100 to m/z 1000 range of evaluation.

The solutions were directly infused into the mass spectrometer electrospray ionization
source (ESI). The ESI-MS and ESI-MS/MS were acquired using the negative mode, dessolvation
and source temperature were 300 °C and 120 °C, respectively, and in a range of m/z 100 to m/z
1000. The chromatographic separation was performed using a 2.1 x 100 mm C18 column packed
with 1.7 um particles (Zorbax XDB C18, Agilent) at temperature 30°C. The mobile phase used
in gradient mode consisted of water:tetrahydrofuran:formic acid 0.1%, 890/90/20 v/v/v as mobile
phase A and methanol:acetonitrile:formic acid 0.1%, 400/400/200 v/v/v as mobile phase B in
follow gradient: (0-20 min) 50% B, (20-40 min) 100% B and (40-45 min) 100% A. The flow
rate was 0.2 mL/min at room temperature and the injection volume was 2 L.

Equipament: The UPLC used consisted of a Waters Acquity UPLC. A Waters triple—
triple TDQMS/MS mass spectrometer with an electrospray ionization source (ESI) was used as a
detector. The sequential mass analysis used Argonium as collision gas. Analyst software
Masslynx was used for the control of equipment, acquisition and data analysis.The analyses were
monitored in the full scan mode and the mass lines intended to be analyzed were chosen for

dissociation induced by collision.

2.3- Human cells cultured
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Mononuclear cells from peripheral blood (PBMC) used in this study were obtained by
venipuncture from two healthy volunteers (a man and a woman aged below 25 years old),
according guideline of OECD (13). Donors of peripheral blood provided written informed
consent at the time of donation, as determined by the Ethics Committee at the time of blood
donation. HepG2 cells (human hepatoma cell line) were obtained from the Cell Bank of Rio de
Janeiro, Brazil). PBMC were maintained in 25 cm? cell culture flasks containing RPMI medium,
whereas HepG2 cells were grown in DMEM medium, both supplemented with antibiotics and
10% fetal bovine serum. Cultures were incubated at 37°C, 5% CO, and 95% relative humidity,
with complete asepsis. This study was approved by the Human Ethical Committee of the
Universidade Estadual Paulista (UNESP), in Marilia town, Brazil, on December 4, 2013

(protocol 0839/2013).

2.4- Cell viability and cytotoxicity determination

In this study, the test used for cell viability analysis was trypan blue staining, which
evaluates the integrity of the cell membrane (14). Using a 24 well plate, were added 2 x 10° cells
in each well. The concentrations tested were 2.5; 5; 10; 25; 50; 100; 250; 500; 1000; 1250; 2500
and 5000 ug/mL. The culture plates were maintained in an incubator at 37°C, 5% CO,. The
cellular viability test was done for both two cell types, according to Strober(15). The own
respective culture medium was used as negative control, and Triton X-100 diluted in medium
without fetal bovine serum culture was used as positive control. Each concentration was tested
twice, and each test performed in triplicate. After 24 hours of cell culture in the presence of the

test substance, cells were harvest and analyzed in common optical microscope, using Neubauer
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chamber as base. Inviable cells could be seen blue stained, being counted 100 cells per well of
the plate.

To assess the cytotoxicity of the extract, MTT test (3- [4,5-dimethylthiazol-2-yl] -2,5-
diphenyltetrazolium) in HepG2 cells was used, as described by Mosmann(16) with some
modifications. The test estimate the percentage of cells that were able to transform the MTT into
formazan, i.e, what cells percentage is still alive. This transformation can be observed by the
appearance of the purple solution, due to the mitochondria metabolism. In them, there is a
reduction that makes use of NADH and similar molecules to electron transfer. With this, there is
the formation of a product which precipitates and accumulates at the bottom of each well. For the
precipitate dissolution, DMSO (dimethyl sulfoxide) was added to the medium, and the plate was
read by particular software applied to a spectrophotometer (17).

To perform the MTT assay, 1x10° cells were added to each well and the volume
was completed to reach a final volume of 2ml. After 24 hours incubation, 1.4 mL medium was
withdrew. So, an increase of 20 microliters of each test extract concentration was made and the
volume was again completed to 2 mL. Controls were the same used in the trypan blue staining
test. After 24 hours of incubation, 1.4 mL of medium was removed and 200 microliters of MTT
was added in each well. The plate was incubated again for a further 4 hours, then MTT was
removed and 200 microliters of DMSO was added. After 5 minutes, the plate was read at a

spectrophotometer, using a 540 nm filter.

2.5- Comet assay

The alkaline comet assay was performed according to Tice et al. (18). An aliquot of 2 x

10° cells was plated into 24-well plates in 2 mL of the respective culture medium per well at
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37°C and incubated for 4 h with the extract, and the concentrations used were 2.5, 5, 10, 50 and
100 ug/ml, choosen on the basis of cell viability and cytotoxicity tests. MMS at 75 pM was used
as positive control and culture medium as negative control. The slides were prepared by adding
20 pL of cell suspension with 120 pL of low-melting-point agarose (LMP) in pre-gelatinized
slides, being kept at 4°C for 20 min. The coverslips were removed and slides were then
immersed in cold, freshly prepared lysis buffer consisting of 89 mL stock solution (2.5 M NaCl,
100 mM EDTA, 10 nM Tris, pH 10) plus 1 mL Triton X-100 and 10 mL DMSO, at 4°C for 1 h.
Subsequently, the slides, always protected against light, were immersed into a cold high-pH
(>13) electrophoresis buffer (300 mM NaOH and 1 mM EDTA-pH 10) for 20 min, for DNA
denaturation. Electrophoresis was carried out in an ice bath (4°C) for 20 min at 25 V and 300 mA
(0.722 V cm™). The slides were then submerged in a neutralization buffer (0.4 M Tris-HCI, pH
7.5) for 15 min, dried at room temperature, and fixed in 100% ethyl alcohol for 10 min. The
slides were dried and stored at least for an overnight before staining. For staining, slides were
rinsed in distilled water, covered with 30 pL of 1 x ethidium bromide staining solution, and
covered with a coverslip. The analysis was done immediately at 400x magnification using a
fluorescence microscopy with a 515-560 nm excitation filter and a 590 nm barrier filter. All
experiments were performed three times and in duplicate.

The extent and distribution of DNA damage indicated by the Single Cell Gel
Electrophoresis (SCGE) assay was conducted by examining at least 100 randomly selected and
non-overlapping cells (50 cells per coded slide) per culture well in a blind analysis. These cells
were scored visually, according to tail size, into the following 4 classes: class 0- no tail; class 1-
tail shorter than the diameter of the head (nucleus); class 2- tail length 1 to 2 times greater than
the diameter of the head; and class 3- tail length more than twice the diameter of the head.
Comets with no heads with nearly the entire DNA in the tail or with a wide tail were excluded

from the evaluation because these probably represented dead cells (19-21). The score of each
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treatment was obtained by multiplying the number of nucleoids observed in each damage class

by the value of the class (0, 1, 2 or 3).

2.6 - Cytokinesis-block micronucleus (CBMN) test

This test was performed based on the protocol described by Fenech (22) and revised and
standardized recently by the OECD TG 487(13). The cells were cultured in 25cm? flasks and
treated with the same five concentrations evaluated by the comet assay. Positive control was
MMS 150 uM for leukocytes and Benzo(a)pyrene 2 uM for HepG2 cells, and negative control
was the own culture medium.

For the test using leukocytes, whole blood (0.4ml) was added into 5ml of culture medium

(RPMI) supplemented with 10% fetal bovine serum, plus phytohemagglutinin (PHA) at
concentration of 10 pL/mL to stimulate mitogenesis, and the culture flasks were incubated at
37°C , under 95% air and 5% CO, in a humidified incubator for 72 hours.
Forth-four hours after starting the cultures, cytochalasin B (6 pg/mL) was added to each culture
flask in order to block cytokinesis. Four hours after cytochalasin B addition human leukocytes
were treated with the five different concentrations of the test extract. The cells were harvest by
centrifugation (5 min at 850 x g), and pellets were resuspended in a chilledhypotonic solution of
0.075 M KCI for 5 min. Then, cells were washed once with 5 mL of cold methanol:acetic acid
solution (3:1, v/v). The fixation procedure was repeated three times. Formaldehyde (1%) was
added after the last fixative to preserve the cytoplasm. The cell suspension was placed onto
slides and stained with 5% Giemsa dye diluted in phosphate buffer (pH 6.8) for 5 min.

In the micronucleus test using HepG2 cells, culture flasks (performed in triplicate) were
incubated for 24 hours for cell growth. Then, the cells were washed again and incubated with the

five concentrations of the extract for a period of 24 hours. After this time, the cells were washed
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and incubated with cytochalasin B for more 28 hours. After this period, the protocol was the
same described for the leukocytes. For the MN quantification of the cells on the slides, was used
a light microscope (Zeiss, Primo Star), being scored 1000 binucleate cells per culture flask at
100x magnification (13, 23). As a measure of cytotoxicity, the nuclear division index (NDI) was
calculated according the formula NDI = [M1 + 2(M2) + 3(M3) + 4(M4)] / N, where M1-M4

indicate the number of cells with 1-4 nuclei on 500 cells counted (N) (for each culture flask).

2.7 - Ames test

C. oxyacantha fruit extract was evaluated in a bacterial mutation assay system,
using the Salmonella typhimurium tester strains TA98 (frameshift) and TA100 (base-pair
substitution) using pre-incubation methodology, with (+S9) and without (-S9) metabolization
(24). Bacteria strains were kindly provided by Dr. B.N. Ames (Berkeley, CA, USA). The strains
were grown overnight from frozen cultures for 12-14 h in Oxoid Nutrient Broth No. 2. The
metabolic activation mixture (S9 fraction), prepared from Sprague-Dawley mice’s livers treated
with the polychlorinated biphenyl misture Aroclor 1254 (500 mg/kg), was freshly prepared
before each test. The metabolic activation system consisted of 4% S9 fraction, 1% 0.4 M MgCI2,
1% 1.65 M KCI, 0.5% 1 M D-glucose-6-phosphate disodium and 4% 0.1M NADP, 50% 0.2 M
phosphate buffer and 39.5% sterile distilled water (24). For the mutagenic assessment, Six
different concentrations of the extract (2,5; 5; 10; 100; 250 e 500 pg/mL/plate) were tested. The
concentrations of the samples were selected based on preliminary toxicity test that determined
the highest non-toxic concentration and the lowest toxic concentration. Samples were considered
toxic when a thinning of the auxotrophic background (i.e. background lawn), accompanied by a

decrease in the number of histidine revertants (His+).
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The concentrations of the test substances were added to 0.5 mL of 0.2 M phosphate
buffer or to 0.5 mL of 4% S9 mixture, with 0.1 mL of bacterial culture and then incubated at
37°C for 20-30 min. Two milliliters of surface agar were added, the tubes were mixed, and the
mixture was poured into a Petri dish containing 20 mL of minimal agar. The Petri dishes were
incubated at 37°C for 66 h and the His+ revertant colonies were counted manually. The test was
performed in triplicate. Distilled water was used as negative control. The mutagen used as
positive control in the tests without S9 mix was 4-nitroquinoline N-oxide (4NQO). For the tests

carried out in the presence of S9 mix, the positive control were 2-anthramine (2-AA).
2.7- Statistical analysis

The results obtained in the CBMN and comet assays were subjected to analysis of
variance (ANOVA) followed by t-Students test (CBMN) and Tukey test (comet assay). The
GraphPad Prism® software (version 5.02) was used to perform statistical analysis. In both tests,
the results were considered statistically significant at P < 0.05.

In the AMES test, the data obtained were analyzed with the statistical software package
Salanal 1.0 (U.S. Environmental Protection Agency, Monitorin Systems Laboratory, Las Vegas,
NV, from the Research Triangle Institute, RTP, NC, USA). The data (revertants/plate) were
assessed by means of the analysis of variance (ANOVA) using the Bernstein model (25),

followed by linear regression.
3- RESULTS

The total content of flavonoids observed for C. oxyacantha fruit extract was 2.7%, by

performing chromatographic analysis. The four major compounds of the extract were identified
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and quantified: vitexin (m/z 431.2) 0.10%, isovitexin (m/z 431.2) 0.14%, hyperoside (m/z
463.10) 0.63%, and vitexin-2-O-rhamnoside (m/z 577.31) 1.79%. The vitexin-2-O-rhamnoside
was the major compound and transition was monitored by 577.31 > 292.80 m/z, which refers to
the loss of sugar moiety, rhamnoside, followed by loss of C4H804, [M - H] - =577.31; [M - H -
C6H1205] - = 413.25 and transition [M - H - C6H1205 - C4H804] - = 292.83 (Figure 1a-c).

Cell viability determination by trypan blue staining tested the extract concentrations of
2.5; 5; 10; 25; 50; 100; 250; 500; 1000; 1250; 2500 and 5000 pg/mL in both, leukocytes and
HepG2 cells. In the assessment with leukocytes, extract concentrations above 100 pg/mL
showed less than 80% of viable cells, while for HepG2 cells, a decrease of viability was
observed from the 250 pg/mL concentration (data no shown). The cytotoxicity analysis
performed by the MTT test showed the same results observed with the trypan blue test. So, the
results obtained by these assays allowed us to choose the extract concentrations of 2.5; 5; 10; 50
and 100 pg/ml to assess the genotoxic and clastogenic/aneugenic potential of the extract. The
cytotoxicity test performed in TA98 and TA100 Salmonella strains allowed us to select the
following concentrations: 2.5; 5; 10; 100; 250 and 500 pg/mL.

The results of the genotoxic evaluation of the extract using the comet assay are shown in
Tables 1 and 2. As expected, when positive control was compared with negative control, a
statistically significant difference was observed, confirming the efficiency of the test in detecting
DNA damage agents. Significant increases in the total number of cells with DNA damage and
scores were observed in cells treated with concentration of 5 pg/mL and superior. In the cells
that presented DNA damage, the majority showed minor damage (class 1). However, in the cells
treated with the concentrations of 10 and 50 pg/mL of the extract, the DNA damage class 2 were
higher. The results observed in leukocytes treated with the extract were the same observed in

HepG2 cells (Table 2).
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The results of the CBMN test are shown in Tables 3 and 4. The assay showed that the
extract at the concentrations of 10 pg/mL and higher resulted in a statistically significant
increase in the number of micronucleated binucleate cells, when compared to the negative
control. This effect was observed in both, leukocytes and HepG2 cells, however, in HepG2 cells
the frequency of micronucleated cells was even higher (Table 4).

Table 5 shows the number of Salmonella typhimurium colonies revertants, strains TA98
and TA100, per plate, after treatment with the test extract, in the presence (+S9) and absence (-
S9) of metabolic activation. The mutagenicity test showed that all tested concentrations of the
extract, after metabolization by the S9 fraction, produced mutagenic effects in TA98 strain. On

the other hand, the extract without S9 fraction produced no mutagenic effect in both strains.

4 - DISCUSSION

Despite the C. oxyacantha be a shrub native to Europe, it was spread by many other
countries due its medicinal potential. Extracts of this plant, especially leaves and flowers, and
more recently fruits, have been used against several illness that affect the human population,
especially those related to the heart problems (2, 26-29). Curiously, our literature review
revealed that, although formulations of this plant has been used in traditional medicine over the
course of time, there are no studies evaluating the genetic toxicity potential of them. Therefore,
this study was conducted to fill this gap in the literature.

The cell viability and cytotoxicity tests of C. oxyacantha fruit extract showed that more
than 100 pg/mL concentration of the extract resulted in a decrease in cell viability and/or

population of human cells in culture, and concentrations above 500 pg/mL were cytotoxic to the
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TA98 and TA100 strains of Salmonella. In animals, aerial parts extracts of Crataegus have
shown low toxicity, with LD50 of 25 mg/kg (30).

According to Fenech (31), the assessment of the DNA damage provide important
responses in relation to the mutagenic effect of substances, as the mutational process is crucial
with regard to carcinogenesis. With this concern in mind, the present study evaluated the genetic
toxicity of the extract in question through three important tests used in toxicological genetics.

The first assay was the alkaline comet assay, which detect single and double stranded
breaks in DNA that may be repaired or no, resulting in no persistent effect or may be fixed into a
mutation (13, 18). The results obtained in the present study showed that extract concentrations
from 5 pg/mL produced genotoxic effects in both human cell types analysed.

The second cytogenetic assay used in this study was the CBMN. The test is based on
detecting micronuclei in the cytoplasm of interphase cells. Such elements are caused by
chromosome fragments devoid of centromere (clastogenic effect), as well as whole
chromosomes due to some interference with the mitotic apparatus (aneugenic effect) (13, 22,
32). The data obtained in our present study showed that the fruit extract also produced
clastogenic and/or aneugenic effects in the both cultured human cells, at 10 pg/mL concentration
and higher.

The last genetic assay used in this study was the Salmonella/microsome assay (Ames
test). The test uses amino-acid requiring strains of S. typhimurium to detect point mutations,
which involve substitution, addition or deletion of one or a few DNA base pairs (24). Our study
showed that TA98 strain, after extract metabolization by S9 fraction, presented a statistically
significant increase in the number of revertants colonies. These data indicate that the chemical
components of the extract, after undergoing metabolism, could form mutagenic products capable

of causing insertion and/or deletion of DNA base pairs (frameshift mutations).
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Tabach et al. (12) developed a preclinical toxicological evaluation of a phytotherapeutic
product denominated CPV, which consists of C. oxyacantha aerial parts extract (26.7 %) in
association with Passiflora incarnata (33.3 %), and Valeriana officinalis (40 %) extracts. In the
study, several parameters were investigated including, teratogenic, toxic, mutagenic and
genotoxic potential. The authors reported that all of the results were negative, indicating that
CPV presents no toxicity and devoid of risk for human beings. We can hypothesize that the
differences between the results of positive genotoxicity observed in our present in vitro study,
and the studies of Tabach et al.(12) may be due to the fact that these authors used a mixture of
three plant extracts, wherein the portion C. oxyacantha aerial parts extract (leaves, flowers and
fruits) in the mixture, certainly was smaller and with different chemical composition, in
comparison with the C. oxyacantha fruit extract tested in our study. This idea needs to be
investigated in further studies.

The chemical characterization of C. oxyacantha fruit extract showed the presence of a
significant content of flavonoids, being vitexin, isovitexin, hyperoside and vitexin-2-O-
rhamnoside identified as major compounds. Some of these compounds had its toxicity evaluated
singly. Choo et al. (33) conducted an in vivo acute toxicity test with the administration of vitexin
and isovitexin in diabetic and normoglycemic animals. The authors reported that the rats did not
show clear signs of toxicity during the study period, as well as no showed significant change in
the weight.

Wenjuan-Wei et al.(34) studied the effects of vitexin-2-O-rhamnosideo and vitexin-4-O-
glucoside on cell growth and induced apoptosis. This authors also reported no cytotoxic effects
of these compounds in human cells derived from adipose tissue. According to our literature
review, there is no studies evaluating the genetic toxicity of the major compounds found in C.

oxyacantha fruit extract.
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In general, the assessment of toxicity of different formulations with Crataegus extracts,
in both, animals and humans, have shown low toxicity and low side effects (30). Nascimento et
al. (26) tested the potential toxicity of the complex mix extracts of Passiflora incarnata,
Crataegus oxyacantha and Salix alba. The study showed that the phytotherapic administered
twice a day, during 28 days, did not produce toxicity in the organs and system of humans
involved in the research. The evaluation was made by clinical, cardiological and laboratorial
exams. Transient side effects including dizziness, gastrointestinal complaints, headaches and
heart palpitations have been reported only occasionally (35).

Under the experimental conditions employed in the present study, the data obtained
permit us to conclude that the fruit extract of C. oxyacantha present genotoxic and
clastogenic/aneugenic effects in mononuclear leukocytes from human peripheral blood and
HepG2 cells, as well as induced frameshift mutation in TA98 strain of S. typhimurium after
metabolization by S9 liver enzymes. The effects observed lights on a red signal considering the
safe use of this fruit extract in tradicional medicine. Despite the therapeutic potential of C.
oxyacantha fruit extract for humans, our results recommend caution on its use, as well as
indicate that further in vitro and in vivo studies are needed to better investigate the genetic

toxicity observed.
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Figura 1: Cromatograma do extrato de frutos de C. oxyacantha identificando o composto vitexina-4-O-ramnosideo,

m/z 577,31.

cratasgus_exfrato_ 200710 Sm (SG, 2x4) 1: MEM of 1 Channel ES-
_ 1320 TIC (Vitexina/ Iso)
3684 1.08e4
Area

LS 12.03

1437

0 A
T T T 1 1 1 1 1 T T T 1 1 T T T
250 5.00 T.50 10.00 12.50 15.00 17.50 20.00

Figura 2: Cromatograma do extrato de frutos de C. oxyacantha identificando os compostos vitexina e isovitexina,

m/z 431,38.
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Figura 3: Cromatograma do extrato de frutos de C. oxyacantha evidenciando o composto hiperosideo, identificado
na transicdo m/z 46.1 > m/z 300.2.
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TABELA 1. Migracdo de DNA (média = DP) no ensaio cometa para estudo de genotoxicidade

do extrato de frutos de Crataegus oxyacantha em células mononucleares de sangue periférico

humano.
Tratamento Classe dos cometas Scores
Total' 0 1 2 3
Controle 7.50+1.04 92.50£1.04 6.83 +0.40 0.83+0.98 0.00 £0.00 8.33+£2.33
2,5 pg/mL 1150+251 8850+251* 10.67 +£2.94% 0.83+0.75 0.00 £ 0.00 12.33£2.25
5,0 pg/mL 16.50 +2.07° 83.50 + 2.07° 15.17 + 1.47° 1.16 £0.75 0.16 £ 0.40 17.50 + 2.58°
10 pg/mL 4233+287° 57.67+287° 13.83+1.16° 2550+1.64° 3.00 +2.96° 73.83 £7.44°
50 pg/mL 5217 £2.40° 47.83+240° 2250+2.81° 2650+1.22° 3.16+0.98° 85.00 + 2.96°
100 pg/mL 64.00 £6.81° 32.67+2.25° 51.17+172° 14.00+0.63° 2,16 £0.98 85.67 +3.83°
MMS 75 uM 64.17 +0.75° 35.83+0.75° 5150+0.83° 12.17 +0.75° 0.83 +0.40 77.67 £1.03°

(Controle Positivo)

DP =

desvio padréo,

significativamente diferente do controle negativo (p < 0.05), °
Signifitivamente diferente do controle negative (p < 0.01),° Significativamente diferente do
controle negativo (p< 0,001), *Ntmero total de células com danos (class 1+2+3).

TABELA 2. Migracdo de DNA (média = DP) no ensaio cometa para estudo de genotoxicidade

do extrato de frutos de Crataegus oxyacantha em células Hep G2.

Tratamento Classes de cometas Scores
Total* 0 1 2 3
Controle 10.67+0.57 89.33+0.57 10.00+1.00 0.66+0.57 0.00+0.00 11.33+0.57
2,5 pg/mL 12.67+0.57 87.33+0.57 11.33+0.57 1.33+0.57 0.00+0.00 14.00+1.00
5,0 ug/mL 18.33+0.57° 81.67+0.57 17.67+0.57 0.66+0.57 0.00+0.00 19.00+1.00°
10 pg/mL 39.33+1.15°  60.67+1.15% 13.33+1.52 25.33+1.52° 0.66+0.57 66.00+2.64°
50 ug/mL 54.67+0.57°  45.33+0.57° 23.00+2.00° 28.33+1.52° 3.33+0.57° 89.67+1.52°
100 pg/mL 68.33+0.57°  31.67+0.57" 48.33+1.15° 16.33+1.15° 3.66+0.57° 92.00+1.00°
MMS 75 uM 65.00+1.00°  35.00+1.00° 52.33+0.57°  11.67+0.57° 1.00+0.00 78.67+1.52°

(Controle Positivo)

DP =

(class 1+2+3).

desvio padréo,

® significativamente diferente do controle negativo (p < 0.05), °
Signifitivamente diferente do controle negative (p < 0.01), *Ntmero total de células com danos
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TABELA 3. Frequéncia de micronucleos e indice de divisdo nuclear (IDN) em linfocitos
humanos tratados com Crataegus oxyacantha.

Células binucleadas

Com MN
Substéncia teste Tratamento (2,000 cells scored) IDN/1000cell
Periodo Concentragdes
" (hg/mL) N % (Média + DP)
Controle negativo 28 0 6 0.30 1.75+0.03
MMS (Controle positivo) 28 150" 97° 4.85° 1.64 +0.04°
Crataegus oxyacantha 28 25 11 0.55 1.66 +0.01
28 5.0 10 0.50 1.72 £ 0.03
28 10 14* 0.70* 1.75 +0.01°
28 50 16° 0.80* 1.75 +0.02°
28 100 16* 0.80° 1.74 +0.06*

MN = microntcleos, DP = desvio padrao, “concentracdo em pM, 2 Significativamente diferente
do controle negativo (p < 0.01), b Significativamente diferente do controle negativo (p < 0.001).

TABELA 4. Frequéncia de micronucleos e indice de divisdo nuclear (IDN) em células HepG2
tratadas com Crataegus oxyacantha

Células Binucleadas

com MN

Substéncia teste Tratamento (3,000 cells scored) IDN/1500cell

Periodo Concentragéo
() (g/mL) Ne % (Mean + SD)
Controle negative 24 0 13 0.43 1.60+0.005

Benzo[a]Pirene

(Controle positivo) 24 150" 146 4.86° 1.62+0.005
Crataegus oxyacantha 24 25 11 0.36 1.64+0.010°
24 5.0 14 0.46 1.62+0.011°
24 10 21 0.70% 1.61+0.005
24 50 23 0.76° 1.64+0.005"
24 100 26 0.86" 1.61+0.005

MN = microntcleos, DP = desvio padréo, “concentracdo em pM, ? Significativamente diferente
do controle negativo (p < 0.01), b Significativamente diferente do controle negativo (p < 0.001).
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TABELA 5 - Mutagenicidade do extrato de frutos de Crataegus oxyacantha em Salmonella
typhimurium na presenca (+S9) e auséncia (-S9) de fracdo metabolizadora.

Numero de revertentes (M = DP)/ placa

TA 98 TA 100
Tratamentos - S9 +S9 - S9 +359
(Mg/mL)
ot 23,00 + 3,94 22,00 + 2,00 100,20 + 9,88 110,50 + 17,20
2,5 28,00 + 1,41 1810,67 + 327,96** 102,33 £ 3,06 104,67 + 12,01
5,0 26,67 + 6,43 3238,00 + 557,20** 108,67 + 17,67 107,00 + 3,00
10,0 28,33 2,08 584,50 + 188,80* 98,33 + 13,01 105,67 + 10,50
100,0 24,33 £ 5,03 1801,00 + 74,95** 119,00 + 4,36 99,00 + 11,79
250,0 27,00 + 2,65 3574,00 + 183,85** 104,00 + 4,00 107,67 + 8,33
500,0 25,00 + 5,20 3402,67 £ 165,71** 116,00 + 11,27 107,00 + 3,61

TControle negativo, * Significativamente diferente do controle negativo por ANOVA (p< 0,05), **

Significativamente diferente do controle negativo por ANOVA (p< 0,01)
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5- CONSIDERACOES FINAIS

Este trabalho representa o primeiro estudo de avaliacdo do potencial genotoxico e
mutagénico do extrato exclusivo de frutos de Crataegus oxyacantha. Os dados obtidos
mostraram que o referido extrato apresenta efeito genotdxico em células mononucleares do
sangue periférico humano e células HepG2 em cultura, detectado por intermedio do ensaio
cometa. Pelo teste citogenético do microndcleo, também po6de-se observar efeito
clastogénico/aneugénico nos dois tipos de células humanas investigados. E, por fim,
complementando as andlises de toxicidade genética, o teste de Ames evidenciou que o extrato,
apo6s metabolizacdo, produziu mutagdes génicas na linhagem TA98 de Salmonella typhimurium.
Considerando a comprovada relagdo entre as mutaces e 0 processo carcinogénico, 0S
importantes resultados obtidos no presente trabalho indicam que, apesar do potencial terapéutico
do extrato de frutos de C. oxyacantha para os seres humanos, o seu uso continuo e/ou doses altas
devem ser vistos com muita cautela ou até mesmo temporariamente suspensos, bem como
apontam para a necessidade de serem realizados mais estudos de toxicidade genética, tanto “in
vitro” como “in vivo”, avaliando também extratos de folhas e flores desta planta, uma vez que

analises com este enfoque praticamente ndo foram encontrados em nossa reviséo da literatura.
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