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RESUMO

O uso de plantas para fins terapéuticos tem aumentado consideravelmente, assim como a
crenca de que elas possuem apenas efeitos benéficos e sdo livres de efeitos colaterais ou
adversos. No entanto, a maioria das informacdes disponiveis sobre o consumo dessas plantas
ndo tem nenhum suporte cientifico e seu uso é baseado somente na cultura popular. Entre as
plantas usadas pela humanidade como fontes de medicamentos estdo aquelas pertencentes ao
género Miconia. Estudos tém mostrado que extratos de Miconia apresentam efeitos
analgésicos, sdo ativos contra formas tripomastigotas de Trypanosoma e que Primin, um
antibidtico extraido de Miconia sp., apresentou forte agdo antincoplasica. Embora diversas
atividades biologicas de extratos de Miconia tenham sido reportadas, nenhum estudo sobre
seus efeitos no DNA (indugdo, reducdo ou prevencdo de mutagdes) estd disponivel
atualmente. O objetivo do presente estudo foi avaliar os potenciais citotoxico, genotoxico e
mutagénico de quatro extratos de espécies do género Miconia e também os seus possiveis
efeitos protetores contra os danos no DNA induzidos pelos quimioterapicos ciclofosfamida e
doxorrubicina utilizados, respectivamente, em testes agudos in vivo ¢ in vitro. Os testes
empregados in vivo foram o ensaio cometa e o teste do micronucleo em células de
camundongos. Para a avaliagdo da genotoxicidade, trés concentragcdes foram testadas, 200,
400 e 540 mg/kg p.c., baseadas no limite de solubilidade dos extratos em 4gua destilada, e
para os efeitos protetores, somente a maior dose foi avaliada contra 40 mg/kg p.c. de
ciclofosfamida. Para a analise in vitro da citotoxicidade foi empregado o ensaio clonogénico
em culturas de fibroblastos de hamster Chinés (V79). A partir dos resultados obtidos foram
escolhidas as trés menores concentragdes nao citotoxicas a serem utilizadas para as avaliagdes
da mutagenicidade e antimutagenicidade dos extratos. As culturas foram tratadas com as
diferentes concentragdes dos extratos (teste de mutagenicidade) ou com o extrato associado a
doxorrubicina 1 ug/mL (teste de antimutagenicidade) em protocolos de pré, pos e tratamento
simultdneo. Todos os extratos induziram alteracdes na migragdo do DNA (ensaio do cometa)
in vivo. Tanto in vivo quanto in vitro, resultados negativos para mutagenicidade e positivos
quanto aos efeitos protetores foram observados em todos os grupos de tratamento. Esses
efeitos podem ser explicados devido aos constituintes quimicos presentes nos extratos. Os
principais constituintes isolados foram flavonoéides, taninos € compostos fendlicos, todos eles
com atividade antioxidante descrita na literatura. O efeito aditivo e sinergistico desses
fitoquimicos em frutos e vegetais tem sido proposto como sendo responsavel pela sua potente
atividade antioxidante e anticancer. Embora efeitos mutagénicos ndo tenham sido vistos,
investigagdes posteriores devem ser feitas para garantir a seguranga desses resultados, uma
vez que efeito genotoxico moderado foi encontrado nos estudos in vivo. Os efeitos protetores
detectados também encorajam novos estudos com esses extratos.

Palavras-chave: Mutagenicidade. Citotoxicidade. Efeitos protetores. Miconia. Células V79.
Camundongo.
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ABSTRACT

The use of plants for healing purposes is becoming increasingly popular, as soon as they are
believed to be beneficial and free of side effects. However, most of information available on
several medicinal herbs does not have any scientific supporting data and their use as
medicaments is based simply on traditional folk. Among the plants used by the humanity as a
source of medicine are those that belong to Miconia genus. Studies have shown that Miconia
extracts have analgesic effects, they were active against blood trypomastigote forms of
Trypanosoma and Primin, an antibiotic extracted from Miconia sp., presented strong
antineoplastic action. Although several biological activities of Miconia species had been
reported, no study concerning their effects on DNA (induction, reduction or prevention of
mutations) has been available until the present time. The aim of the present study was to
assess the cytotoxic, genotoxic and mutagenic potential of extracts from four Miconia species
and also the possible protective effects of these species against the damage induced on DNA
by chemotherapeutics cyclophosphamide and doxorubicin using, respectively, in acute in vivo
and in vitro tests. The tests employed in vivo were comet assay and micronucleus test in mice
cells. For the genotoxic evaluation, three concentrations were tested, 200, 400 and 540 mg/kg
b.w., based on the solubility limit of the extract in distilled water, and for the protective
effects, only the higher dose was evaluated against 40 mg/kg b.w. of cyclophosphamide. For
the in vitro analysis of cytotoxicity, the clonogenic assay was used in cultures of Chinese
hamster lung fibroblasts (V79). From the obtained results, the three lowest no citotoxic
concentrations were chosen to be used for the evaluations of the extracts mutagenicity and
antimutagenicity. The cultures were treated with different concentrations of the extracts
(mutagenicity test) or with the extract associated with doxorubicin at 1 pg/mL
(antimutagenicity test) in protocols of pre, post and simultaneous treatment. All the extracts
induced alterations in DNA migration (comet assay) in vivo. Both in vivo as in vitro, negative
results for mutagenicity and positive results about the protective effects were observed for all
of the treatment groups. These effects can be explained due to the chemical constituents
present in the extracts. The main constituents isolated were flavonoids, tannins and phenolic
compounds, all of them with antioxidant activity described in the literature. The additive and
synergistic effects of these phytochemicals in fruit and vegetables also have been proposed as
being the responsible for their potent antioxidant and anticancer activities. Although
mutagenic effects were not seen, further investigations should be made to guarantee the
security of these results, since a moderate genotoxic effect was found in the in vivo studies.
Also the protective effect detected has encouraged new studies regarding these extracts.

Keywords: Mutagenicity. Cytotoxicity. Protective effects. Miconia. V79 cells. Mice.
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1 INTRODUCAO

1.1 MUTAGENESE: RELEVANCIA EVOLUTIVA E RELACAO coM 0 CANCER

Um gene carrega informagdes biologicas que devem ser precisamente
copiadas e transmitidas de cada célula para toda sua prole. Varios mecanismos de revisao sao
usados para eliminar nucleotideos incorretamente posicionados e permitir que a molécula de
DNA seja copiada com menos de um erro em 10° nucleotideos adicionados (ALBERTS et al.,
2004). No entanto, além da sua funcdo genotipica de replicacdo, o DNA apresenta ainda a
funcdo fenotipica de ditar o crescimento e a diferenciagdo do organismo e a sua fun¢do
evolutiva, relacionada a mutacao (SNUSTAD; SIMMONS, 2001).

Mutagdes sao modificagdes subitas e hereditarias no conjunto génico de um
organismo que ndo sdo explicaveis pela recombinacdo da variabilidade genética pré-existente
(ZAHA, 1996). A producdo de um mutante requer entdo, que ocorra uma mudanca na
seqiiéncia de bases do DNA. Para isso existem varios mecanismos distintos, dentre eles, as
substitui¢oes, adicdes ou dele¢des de bases durante a replicagdo; mudancas de bases
resultantes de instabilidade quimica inerente as bases ou da ligagdo N-glicosidica e altera¢des
que resultam da acdo de outras substincias e agentes ambientais sobre a molécula
(MALACINSKI, 2005).

Além de ser um fendmeno raro, as mutagdes sao também casuais, € por esta
razdo, elas ndo ocorrem para fornecer ao organismo uma maior adaptacao e, sozinhas, ndo sao
capazes de determinar o processo evolutivo. E também o unico processo envolvido na criagdo
de variabilidade genética, ou seja, surgimento de novos alelos em uma populagao
(RAMALHO; SANTOS; PINTO, 2004).

As mutacdes contribuem para a variagdo genética de um organismo, € sao
igualmente importantes para o geneticista, na compreensdo de processos basicos. Sem as
mutacgdes nao haveria variagao disponivel para compreensdo do comportamento génico e para
uma visao dos processos bioquimicos basicos que envolvem fendmenos como a expressao
génica e o desenvolvimento (BURNS; BOTTINO, 1991). Todos os alelos existiriam apenas
em uma forma e, portanto, analises genéticas ndo seriam possiveis.

Apesar dessa grande relevancia evolutiva, é certo que as mutagdes em

células somaticas estdo também envolvidas no processo de carcinogénese e apresentam papel
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relevante na patogénese de doengas cronico degenerativas, tais como, arteriosclerose e
doencas do coragdo, que sao as principais causas de morte na populacao humana (DE FLORA
et al., 1996). Mutacdes em células germinativas, por sua vez, podem resultar em proles
defeituosas e abortos (MALLING, 2004). Andlises cromossOmicas de embrides provenientes
de abortos espontaneos indicam que 50% deles contém anormalidades genéticas
(NATARAJAN, 2002).

O mais aceito paradigma da carcinogénese ¢ o processo de actimulo de
lesdes genéticas. Essas alteracdes modificam as fung¢des normais dos genes supressores
tumorais e ativam inadequadamente os proto-oncogenes, levando a formagdo de tumores, ou
seja, ao fendtipo maligno (DIAZ, 2005). A suscetibilidade individual ao cancer envolve
fatores como mudangas na expressdo desses oncogenes e supressores tumorais, além de
diferencas em genes especificos que regulam a acdo de enzimas metabolicas e de reparo do
DNA (WUNSCH; ZAGO, 2005). Aliados a esses aspectos genéticos, estudos
epidemioldgicos estimam que cerca de 80% dos canceres estdo relacionados a fatores
ambientais e estilo de vida, como o habito de fumar, o ambiente de trabalho e a exposi¢ao aos
constituintes da dieta (HATAGIMA, 2002).

As pesquisas com produtos, de origem natural ou sintética, que possam ter
propriedades antimutagé€nicas ou anticarcinogénicas tém aumentado nos ultimos anos. O
descobrimento de produtos que reduzem a taxa de mutagdes diminuiria a incidéncia de cancer

e outras doencas degenerativas.

1.2 ANTIMUTAGENESE E ANTICARCINOGENESE

O fendmeno da antimutagénese foi primeiro descoberto por Aaron Novick e
Leo Szilard em 1952, quando observaram que um aumento nos niveis de adenosina agia como
bioantimutdgeno, diminuindo a taxa de mutacdo espontinea em culturas de bactérias
(LIVIERO, 1996).

A prevencdo do cancer e de outras doengas relacionadas ao processo de
mutagénese pode ser feita evitando-se a exposicdo a agentes reconhecidamente mutagénicos
ou carcinogénicos, através da ingestdo de fatores protetores e do fortalecimento dos
mecanismos de defesa (DE FLORA, 1998). Vérias revisdes tém sido feitas a fim de classificar

as substancias capazes de diminuir as taxas de mutagdes (AMES, 1983; HARTMAN;
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SHANKEL, 1990; FERGUSON, 1994). Kada, Inoue e Namiki (1982) classificaram os
agentes ditos antimutagénicos em dois grupos, desmutagénicos e bio-antimutagénicos, de
acordo com seu mecanismo de atuacdo ¢ esta classificagdo tem sido bastante utilizada
principalmente nos ensaios de antimutagenicidade in vitro. No mecanismo de desmutagénese,
determinados fatores atuam diretamente no agente mutagénico ou em seus precursores,
inativando-os antes desses atuarem sobre o DNA. No mecanismo de bio-antimutagénese os
fatores atuam sobre processos de mutagénese ou de reparo de DNA danificado, levando a
reducdo da freqiiéncia de mutagdes.

No entanto, as revisdes sobre os mecanismos de antimutagénese mais atuais
sao as de De Flora (1998); De Flora et al. (2001); De Flora; Ferguson (2005), que propdem
trés niveis para prevengdo de mutacdes e do processo de carcinogénese. Se a intervengdo
acontecer no individuo ainda saudével, ou seja, preven¢do do surgimento da doenga, ¢ dita
primaria. O segundo nivel de preven¢ao ocorre em pacientes em estados menos avangados da
doenca, com deteccdo precoce e sem manifestagcdes clinicas. E por ultimo, o tratamento apos
o estabelecimento da doenga e a submissdo do paciente as terapias a fim de minimizar os
efeitos da doenga se enquadra no nivel tercidrio de prevencao.

Tornar o organismo mais resistente ao ataque de mutagenos e carcindgenos
e, conseqiientemente, inibir a progressao de doengas relacionadas aos processos mutacionais €
0 que se chama de quimioprevengdo e, nela, enquadram-se os mecanismos de prevengao
primaria e secundaria (DE FLORA; FERGUSON, 2005). A prevencdo primaria engloba os
mecanismos de inibi¢do (i) da mutagdo e da iniciagdo do cancer no ambiente extracelular ou
em cé¢lulas ndo-alvo; (i1) da mutagao e da iniciagdo do cancer nas células-alvo; (iii) da
promoc¢do tumoral. A prevencdo secundaria estd relacionada somente com a inibicdo da
promocao tumoral, que pode ocorrer por atividade antioxidante e seqiiestro de radicais livres,
inibi¢do de proteases, modulagdo da transdugdo de sinais, entre outros (DE FLORA, 2001).

Alguns dos mecanismos de inibi¢ao da mutagénese e carcinogénese listados
por De Flora (2001) merecem destaque. Ao nivel metabdlico existem dois mecanismos gerais
que atuam na prevencdao de mutacdes e cancer, ambos envolvidos na biotransformagdo de
xenobidticos. Em geral, pro-carcindgenos sao convertidos em seus intermedidrios reativos por
enzimas de fase I, que t€ém como representante principal a familia do citocromo P450 (CYP
450). Durante a fase II, a toxicidade da molécula, antes na forma reativa, ¢ reduzida através da
acdo de outras enzimas, codificadas por genes especificos, que transformam os xenobidticos
em substancias hidrossoluveis, facilmente excretadas. A familia das glutationas S-transferases

(GST) e N-acetil-transferases (NAT), sdo as principais responsaveis por essa fase do processo
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de metabolizagdo (TANINGHER et al., 1999).

A expressao e regulacao coordenada das enzimas envolvidas nesse processo
de biotransformacao, tanto as de fase I quanto as de fase II, e o seu equilibrio metabdlico nas
células de o6rgdos alvos sdo importantes fatores na determinacdo da suscetibilidade ao cancer

relacionado a exposi¢ao aos carcindgenos (KAWAIJIRI et al., 1993).

1.3 QUIMIOPREVENGAO E 0 USO DE FITOQUIMICOS

Com a descoberta de bactérias e outros organismos patogénicos, ambas,
medicina preventiva e curativa, foram eficientes na redu¢do do nimero de morte por doengas
transmissiveis em paises desenvolvidos. No entanto, as doengas degenerativas cronicas € o
cancer estdo entre as chamadas “doengas de origem multifatorial” e sdo, portanto, de
prevenc¢ao e tratamento mais dificeis (DE FLORA; FERGUSON, 2005).

Nas ultimas duas décadas, um aumento nas evidéncias obtidas a partir de
estudos epidemiologicos e de laboratorio, tem demonstrado que algumas plantas como um
todo, ou através de compostos isolados, t€ém efeitos protetores substanciais na carcinogénese
humana (SURH; FERGUSON, 2003).

Knasmiiller et al. (2002), baseados em sites de procura na internet
(Pubmed), estimaram que cerca de 25.000 artigos relacionados a antimutagénese e
anticarcinogénese foram publicados nos Ultimos vinte anos. Desses artigos, mais de 80%
avaliaram constituintes de plantas, tanto os consumidos através da alimentacdo normal
(vegetais e frutas, por exemplo) como utilizados com propositos medicinais.

Compostos isolados de plantas com poder de quimioprevencdo sao
denominados fitoquimicos. Fitoquimicos sdo substancias quimicas definidas como compostos
bioativos, ndo nutrientes, encontrados em frutas, vegetais, graos e outras plantas comestiveis,
que estdo ligados a uma reducdo no risco da maioria das doencas cronicas (LIU, 2003). Estas
moléculas sdo, principalmente, metabdlitos secundarios e estdo, geralmente, envolvidas na
defesa contra a radiagdo ultravioleta ou agressao por patogenos (MANACH et al., 2004).

De acordo com Liu (2003), os fitoquimicos podem ser classificados como
carotendides, compostos fenodlicos, alcaldides, compostos contendo nitrogénio € compostos
organossulfurados (Figura 1), sendo os fendlicos e os carotendides os atualmente mais

estudados. Fendlicos sdo compostos que possuem um ou mais anéis aromaticos com um ou
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mais grupos hidroxila e, geralmente, sdo classificados como acidos fenolicos, flavondides,
estilbenos, cumarinas e taninos. Estilbenos sdo encontrados em baixas quantidades na dieta
humana e, um deles, resveratrol, para o qual efeitos anticarcinogénicos tém sido
demonstrados, ¢ encontrado em baixas quantidades em vinhos (BERTELLI et al., 1998;

BHAT; PEZZUTO, 2002).

Fitoguimicos
Carotendides Fenclicos Alcaloides Compostos Compaostos
contends organossulfurados
nifrogénio
Acidos Flavonoides Estilbenos Cumarinas Taninos

fenolicos

Figura 1 —Classificagdo dos fitoquimicos de ocorréncia natural. Modificado de Liu (2003).

Carotendides sao pigmentos naturais que tém recebido atenc¢do especial
devido as suas atividades antioxidantes e a sua agdo como provitamina. Esses pigmentos tém
funcdes importantes na fotossintese e na fotoprotecdo de tecidos vegetais, sendo esta tltima
funcdo possivel gracas a capacidade dos carotendides em seqiiestrar e inativar espécies
reativas de oxigénio formadas pela exposicdo a luz e ao ar. Este papel fotoprotetor dos
carotendides estd associado com a atividade antioxidante que os mesmos desempenham em
seres humanos (MANACH et al., 2004).

Desse modo, o potencial quimiopreventivo de fitoquimicos de ocorréncia
natural é de grande interesse nos estudos de cancer (PARK; PEZZUTO, 2002), uma vez que
inimeros trabalhos (HUANG et al., 1985; WISEMAN et al., 1997; KAUR et al., 2000;
BELICOVA et al., 2001, entre outros) ji4 comprovaram acdo antimutagénica desses
compostos. No entanto, apesar da grande divulgacdo dos efeitos benéficos dos
quimiopreventivos ¢ necessario ressaltar que eles, apesar de naturais, ndo estdo livres de
efeitos adversos. Estudos que avaliaram uma possivel reducdo na incidéncia de cancer de
pulmdo em individuos com alto risco tratados com B-caroteno o- tocoferol mostraram uma
incidéncia 18% maior de cancer nos individuos tratados em relacdo aos nao tratados

(BOWEN et al., 2003).

A quimioprevengdo do cancer surge como um estagio pioneiro na prevengao
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da doenga, mas ainda ndo ¢ amplamente aceita ou aplicada. Estudos in vitro, em modelos
animais e em seres humanos tém contribuido para identificar um grande nimero de agentes
que podem, potencialmente, ser capazes de diminuir o risco de desenvolvimento de cancer e
outras doengas relacionadas ao processo de mutagdo (DE FLORA; FERGUSON, 2005). No
entanto, ¢ necessario que os resultados obtidos em laboratério cheguem efetivamente a ser
aplicados em testes clinicos para que a quimioprevencao seja realmente um recurso

importante na preven¢do de doengas.

1.4 PLANTAS MEDICINAIS E O PROJETO BIOTA

1.4.1 “Programa Biota/Fapesp, O Instituto Virtual da Biodiversidade”

O uso de plantas para fins terapéuticos tem aumentado consideravelmente,
assim como a crenga de que elas possuem apenas efeitos benéficos e sdo livres de efeitos
colaterais ou adversos. Isso porque a maioria das informagdes disponiveis sobre o consumo
dessas plantas ndo tem qualquer suporte cientifico e seu uso ¢ baseado somente na cultura
popular (LOPES et al., 2000).

Criado oficialmente em margo de 1999, o Programa de Pesquisas em
Conservacao Sustentavel da Biodiversidade, denominado "Programa BIOTA/FAPESP, O
Instituto Virtual da Biodiversidade", sensibilizou a comunidade cientifica que atua na vasta
area do conhecimento, quanto ao tema biodiversidade. O programa BIOTA abrange agdes
concretas para a implementagdo da Convengdo sobre a Diversidade Biologica (CDB),
assinada pelo governo brasileiro durante a ECO-92. O objetivo maior do BIOTA-FAPESP ¢
inventariar e caracterizar a biodiversidade do Estado de Sao Paulo, definindo os mecanismos
para sua conservacado, seu potencial econdmico e sua utilizagdo sustentavel. A¢des como essa
sdo cada vez mais importantes para o aumento da qualidade de vida da populagdo, e servem
como garantia dos direitos das geragdes futuras. Sem uma sede fixa, o BIOTA/FAPESP
integra todas as informagdes por meio da Internet. Assim, o rdpido acesso as informacdes
sobre a biodiversidade abre novas perspectivas no cendrio atual das pesquisas em conservagao
e uso sustentavel da diversidade bioldgica no Estado de Sao Paulo (disponivel em:

http://www.biota.org).
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O projeto BIOTA engloba varios subprojetos, entre eles o intitulado "Uso
sustentavel da biodiversidade brasileira: prospeccdo quimico-farmacologica em plantas
superiores", que estd sendo conduzido pelos grupos de pesquisa em produtos naturais da
UNICAMP e da UNESP de Araraquara e Botucatu, com o proposito de avaliar o potencial
terapéutico da flora medicinal do Estado de Sao Paulo. O projeto d& continuidade ao estudo
integrado de extratos de plantas do Cerrado do Tocantins e pretende dar uma contribui¢dao
centrada no estudo farmacoquimico, ou seja, isolamento e identificagdo das substancias
presentes nos extratos vegetais, acompanhada de ensaios farmacologicos para atividades
antibacteriana, anti- ulcerogénica, antioxidante e anti-inflamatoria/analgésica. As espécies
também sdo submetidas a analise de possiveis propriedades mutagénicas e/ou citotoxicas,
objeto de estudo deste trabalho, uma vez que a legislacdo brasileira prevé que, anteriormente
ao seu registro, um potencial fitoterdpico deva ser avaliado quanto a essas atividades (CNS,

RESOLUCAO N°251/97).

1.4.2 Plantas Medicinais € o0 Género Miconia

Entre as espécies vegetais avaliadas pelo projeto BIOTA estdo as
pertencentes a familia Melastomataceae. A familia Melastomataceae apresenta cerca de 4.570
espécies distribuidas pelas regides tropicais e subtropicais de todo o globo (CLAUSING;
RENNER, 2001). O uso economico da familia concentra-se na existéncia de espécies
ornamentais, como a medinila (Medinilla magnifica), a quaresmeira-rasteira (Schizocentron
elegans), a orelha de onga (Tibouchina clavata), espécie nativa das dunas litoraneas e a
quaresmeira (Tibouchina granulosa) (SOUZA; LORENZI, 2005).

No Brasil ocorrem 63 géneros, com cerca de 480 espécies; Miconia,
Leandra e Tibouchina sdo os géneros com maior representagdo de espécies (BARROSO,
1991). Entre esses géneros destaca-se o Miconia, por ser o maior, com aproximadamente
1000 espécies, distribuidas ao longo da América Tropical e especialmente concentradas nos
Andes. No Brasil, estdo representadas cerca de 250 espécies, das quais 53 ocorrem no estado
de Sao Paulo (WURDACK; RENNER, 1993).

Trabalhos realizados com espécies pertencentes a este género t€ém revelado
resultados promissores quanto a atividades bioldgicas. Atividade analgésica foi relatada para

varias espécies por Vasconcellos et al. (2003), Andrade e Silva et al. (2002), Spessoto et al.
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(2003), entre outros. Atividade biocida para formas tripomastigotas do Tripanosoma cruzi foi
relatada por Cunha et al. (2003) para triterpenos extraidos de Miconia fallax DC. ¢ Miconia
stenostachya DC. Compostos fendlicos de Miconia myriantha Benth foram capazes de inibir
proteases secretadas por Candida albicans (LI et al., 2001). Primim, um antibidtico extraido
de plantas do género Miconia, com estrutura quimica 2-metoxi-6-n-pentil-p benzoquinona,
apresenta uma forte acdo antineoplasica em casos de pacientes com carcinoma basocelular e
sarcoma de Kaposi (MELO et al., 1974).

As espécies avaliadas neste trabalho possuem também algumas atividades
descritas na literatura, porém, nada relacionado com os seus efeitos no DNA (inducio,
redugdo ou prevencao de mutagdes).

Miconia albicans (Sw.) Steud (Figura 2), conhecida popularmente por
quaresmeira branca, possui hdbito arbustivo, podendo ter de 0,7 a 3 m de altura. Ocorre desde
o sul do México e Antilhas até o Paraguai e Parand. E coletada em cerrado, vegetagdo
secundaria ou sobre afloramentos rochosos ¢ formagdes litoraneas, com flores ¢ frutos durante
praticamente todo o ano (GOLDENBERG, 2004). Extratos brutos dessa espécie foram
estudados por Vasconcelos et al. (2003) e revelaram efeito analgésico em camundongos.

M. cabucu Hoehne (Figura 3), é conhecida popularmente como “pixiricdo” e

sdo arvores possuindo de 5 a 12m de altura (disponivel em: http://www.bdt.fat.org.br/iread).

Ocorre desde Sdao Paulo até Santa Catarina, podendo ser coletada em
Floresta Ombroéfila Densa, com flores entre agosto e novembro (GOLDENBERG, 2004). O
estudo quimico do extrato metandlico (MeOH) das folhas dessa espécie permitiram a
identificacdo de flavondides MC1 e MC3 e do dacido géalico (MC2) (disponivel em:
https://sec.sbqg.org.br/cd29ra/resumos/T0296-2.pdf ).

M. rubiginosa (Bonpl.) (Figura 4) ocorre desde a Costa Rica até a Bolivia ¢
no Brasil. Encontrada em cerrados dos estados de Mato Grosso, Bahia, Minas Gerais ¢ Sio
Paulo. E um arbusto de aproximadamente 1m de altura, podendo chegar a uma arvoreta de
5m. O fruto ¢ uma baga violdcea com poucas sementes por 16culo. As sementes possuem em
média 10 mm de altura por 1,3 mm de largura na base (MARTINS et al., 1996). Foi
demonstrado que extratos dessa planta possuem potencial antibacteriano (disponivel em:
https://sec.sbqg.org.br/cd29ra/resumos/T0598-1.pdf) e analgésico em camundongos
(SPESSOTO et al., 2003).

M. stenostachya DC (Figura 5) possui habito arbustivo, com altura média de

1,5 m. Ocorre desde o sul do México até a Bolivia, Mato Grosso do Sul e Parana e pode ser

coletada em cerrado, com flores e frutos em outubro (GOLDENBERG, 2004). O
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fracionamento de extratos dessa espécie levou ao isolamento de cinco triterpenos, sendo que
os acidos ursolico, oleandico e gipsogénico foram ativos no combate as formas
tripomastigotas de Tripanosoma cruzi no sangue periférico de camundongos (CUNHA et al,
2003).

- .“
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Figura 3 — Miconia cabucu Hoehne (fonte: www.bdt.fat.org.br)
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Figura 5 — Miconia stenostachya D.C (fonte: www.bdt.fat.org.br)

1.4.3 Géneros Indigofera e Guapira

O género Indigofera (Fabaceae) compreende 700 espécies herbaceas e
arbustivas, que ocorrem nas regides tropicais e subtropicais, encontradas nas Américas,
Africa, Australia e Asia (MOREIRA; AZEVEDO-TOZZI, 1997).

Dessas plantas ¢ obtido o indigo (indigotina), um dos corantes naturais mais
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antigo que se conhece. Flavonoides, alcaldides, terpenos e saponinas sdo os metabolitos
secundarios majoritarios em espécies de Fabaceae, os quais possuem interessantes atividades
farmacolégica e terapéutica (HARBORNE et al., 1971). No entanto, em varias espécies foram
encontrados nitrocompostos alifaticos considerados toxicos (MAJAK; PASS, 1989).

I. truxillensis Kunt é um arbusto ereto e ramificado com até 1,5 m de altura,
encontrado no Brasil, Peru e do México até a Bolivia (MOREIRA; AZEVEDO-TOZZI,
1997). Atividades anti-ulcerogénica e antioxidante ja foram demonstradas experimentalmente
para extratos dessa espécie (COLA-MIRANDA et al., 2006).

Guapira noxia (Netto) Lundell (Figura 6) pertence a familia Nyctaginaceae
a qual engloba 30 géneros e 390 espécies de arbustos e herbaceas encontradas nas regides
tropicais e subtropicais (DI STASI; HIRUMA-LIMA, 2002). No Brasil ocorre em campo
sujo, campo cerrado, campo rupestre, cerrado, cerraddo e bordas de mata galeria e ¢
recomendada em S3o Paulo para recomposicdo vegetal, e de interesse para a economia

estadual (Disponivel em: www. arboretto.blogspot.com). Investigagdes fitoquimicas com

espécies pertencentes a familia Nyctaginaceae sao escassas e dados sobre possiveis atividades

biologicas do género Guapira ainda ndo estdo disponiveis.

Figura 6 — Guapira noxia (Netto) Landell (fonte: www. arboretto.blogspot.com)
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1.5 TESTE DO MICRONUCLEO

1.5.1 Teste do Microntcleo em Células da Medula Ossea e Sangue Periférico de

Camundongos

Os testes In Vivo sdo importantes na avaliacdo dos riscos de genotoxicidade
e mutagenicidade, porque permitem a consideragdo de aspectos envolvidos na metabolizagao
da substancia em estudo, a administragdo da mesma por diferentes vias em tratamentos
agudos e subcronicos, além de propiciar a observacdo dos efeitos da substancia-teste em
c¢lulas somaticas e germinativas, no processo de gestacdo e na prole. Por esses motivos, os
ensaios In vivo sdo muito utilizados na investigacdo de substancias que tiveram efeitos
mutagénicos detectados nos testes in vitro (KRISHNA; HAYASHI, 2000).

O teste do micronicleo, capaz de detectar quebras ou perdas
cromossomicas, encontra- se em grande destaque ha muito tempo, dada a sua utilizagdo em
pesquisas de mutagénese. Trata-se de um método que apresenta, entre outras vantagens, o fato
de ser relativamente rapido e barato (SLESINSKI; GUZZIE, 1988).

O micronucleo se constitui em uma pequena massa nuclear delimitada por
membrana e separada do nucleo principal. Durante a divisdo celular, o material genético
contido no nucleo celular se replica e se divide eqiiitativamente, originando duas células filhas
idénticas. Este processo pode sofrer erros, ou pode sofrer interferéncia de agentes capazes de
agir no DNA ou no fuso mitotico gerando, respectivamente, quebras ou perdas de
cromossomos inteiros. Quando isto acontece, o material genético fragmentado ou perdido nao
se incorpora corretamente ao nucleo da célula filha, originando um novo ntcleo de tamanho
menor que o principal, o micronucleo (FENECH et al., 1999).

Na década de 70, Werner Schmid padronizou uma técnica para detecg¢ao de
microndcleos em eritrocitos policromaticos da medula 6ssea de camundongos (Figura 7A),
que tem servido como padrdo para testes in Vivo que objetivam detectar efeitos clastogénicos
e aneugénicos de agentes quimicos e fisicos (SCHMID, 1975).

Na década de 90, Hayashi et al. (1990) modificaram a técnica original e
criaram um método mais pratico e rapido para deteccao de microntcleos usando eritrdcitos do
sangue periférico de roedores (Figura 7B). Embora as células alvo da medula 6ssea e do

sangue periférico sejam as mesmas, os eritroblastos, o método desenvolvido para o sangue
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periférico oferece importantes vantagens (CSGMT, 1995). A populagdo de células no sangue
periférico ¢ mais uniforme e mais facil de ser analisada se comparada as células da medula
Ossea e os resultados podem ser vistos de forma automatica. Aliado a este aspecto, esta a
vantagem de que pequenas amostras de sangue podem ser retiradas repetidamente da cauda

dos animais, sem a necessidade dos mesmos serem mortos (HAYASHI, 1990).

Figura 7 — (A e B): Fotomicrografia de células micronucleadas de camundongos. A: células da
medula 6ssea coradas com Giemsa (MNPCEs). B: células do sangue periférico coradas
com laranja de acridina (MNRET). As setas indicam os micronucleos. Aumento original:
100X.

Apesar de estudos realizados por Holden, Majeska e Studwell (1997)
provarem o contrario, ainda acredita-se que o bagco dos camundongos apresenta uma reduzida
capacidade de seqiiestro de células micronucleadas da corrente sangiiinea, o que ndo acontece,
por exemplo, com os ratos, onde esse seqiiestro ocorre de forma significativa. Isso restringe o
uso da técnica de micronucleo em sangue periférico somente para camundongos e, quando
houver a necessidade do uso de outros tipos de roedores no experimento, a técnica mais
indicada € a descrita por Schmid em células da medula dssea.

O teste do microntcleo em células da medula 6ssea e do sangue periférico
de roedores ¢ um dos mais bem estabelecidos testes citogenéticos no campo da genética
toxicoldgica; no entanto, ndo € uma técnica comumente aplicada as células de outros o6rgaos
in vivo. Assim, novos métodos tém sido desenvolvidos para avaliar a freqiiéncia de células

micronucleadas em uma variedade de linhagens celulares in vitro (FENECH, 2000).
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1.5.2 Teste do Microndcleo in vitro com Bloqueio de Citocinese

Os estudos in vitro avaliam a toxicidade com precisdo ao nivel celular e em
determinados o6rgdos-alvo. Apresentam varias vantagens, tais como: facilidade para
padronizar as condi¢des experimentais (temperatura, pH, composi¢do do meio de cultura,
densidade populacional) devido ao material ser relativamente uniforme em seus requisitos
metabolicos e em seu comportamento; possibilidade de tratamento das células em varias fases
do ciclo celular; economia e boa reprodutibilidade; apresentacdo de organizacdo dos
cromossomos ¢ do seu DNA idénticas as células in vivo (RABELLO-GAY et al., 1991), além
de eficiéncia estatistica, uma vez que o nimero de células analisadas ¢ maior em relacdo a
testes como o de aberragdes cromossomicas.

Nas técnicas citogenéticas classicas, cromossomos s3o estudados
diretamente através da observacao e contagem de aberragdes em metafases (HEDDLE, 1973).
O ensaio de aberracdes cromossdmicas fornece uma andlise mais detalhada que o teste do
micronucleo, porém, a complexidade e o dispéndio de tempo na preparacdo e classificacao
das aberragdes na metafase estimularam o desenvolvimento de um sistema de avaliagdo mais
simples do dano cromossdmico, o teste do micronucleo (FENECH, 2000).

Com a posterior padronizagdo desta técnica, o teste de MN in vitro (Figura
8) estd sendo amplamente utilizado como método para a avaliagdo de possiveis agentes
mutagénicos presentes no ambiente ja que esta técnica ¢ de realizagdo simples e rapida e

relativamente de baixo custo (FENECH, 2000).

Figura 8 — Fotomicrografia de fibroblasto de hamster Chinés (V 79) binucleada com microntcleo
corada com Giemsa. Aumento original: 100X.
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No teste do microntcleo in vitro utiliza-se a citocalasina B (CtB). Esta
substancia ¢ isolada do fungo Helminthosporum dermatoideum e impede a polimerizagdo de
filamentos de actina, bloqueando a formac¢ao de microfilamentos no final da divisdo celular e
evitando a citocinese (FALCK; CATALAN; FORPPA, 1997). Deste modo, a CtB leva ao
bloqueio da citocinese, mas ndo da divisdo nuclear, resultando em um actmulo de células
binucleadas a partir de células que sofreram apenas uma divisao celular, independente do grau
de sincronia e da propor¢do de células em divisao (SALVADORI et al., 2003). Cabe ressaltar
que em determinadas condi¢des, pode levar até seis horas para que a CtB atinja sua total
funcionalidade (FENECH, 2000).

Como todos os outros testes para a avaliagdo de mutagenicidade e
antimutagenicidade, o teste do MN in vitro também apresenta vantagens e desvantagens.
Dentre as vantagens, a principal ¢ que com o bloqueio da citocinese, todas as células
binucleadas visualizadas sofreram apenas uma divisdo celular, caracteristica importante para a
mensuracao da freqiiéncia de MNs. As outras vantagens da técnica sdo: sensibilidade e
precisdo; deteccdo de perda cromossomica e deteccdo de eventos de reparo por excisao
(FENECH, 1997). Contudo, esta técnica apresenta algumas desvantagens. Como € necessaria
a divisdo celular para a analise de MN, esta técnica so ¢ efetiva em populacdes de células em
constante divisao; a CtB pode causar interferéncia na detec¢ao de compostos que podem inibir
a citocinese ou a polimerizagao dos filamentos de actina (SALVADORI et al., 2003).

E evidente, conforme apresentado acima, que os microntcleos podem ser
expressos somente em células eucaridticas em divisdo. Em outras palavras, o teste ndo pode
ser usado com eficiéncia em populagdes celulares que nao estejam em divisao ou em células
em que a cinética de divisdo nuclear ndo ¢ bem entendida ou controlada (FENECH, 2000).
Um estudo colaborativo entre dez laboratorios foi conduzido a fim de delinear um protocolo
para o teste do micronucleo in vitro, utilizando a linhagem celular de fibroblasto de pulmao de
hamster Chinés (V79). O teste mostrou ser de facil execugdo e os resultados estiveram de
acordo, principalmente, com os resultados obtidos através do teste de aberracdes

cromossomicas in vitro (VON DER HUDE et al., 2000).



1.6 ENnsalo COMETA

O principio béasico do Teste do Cometa (ou “Single Cell Gel
Electrophoresis”-SCGE) ¢ a migragdo do DNA em uma matriz de agarose sob condi¢des
eletroforéticas. Quando observadas em microscopio, as células tém a aparéncia de um cometa,
com cabega (a regido nuclear) e uma cauda contendo os fragmentos de DNA que migraram
em dire¢ao ao podlo positivo (HARTMANN et al., 2003).

Os cometas gerados pela técnica podem ser analisados visualmente
(KOBAYASHI, 1995) e classificados de acordo com o tamanho da cauda do cometa nas
classes 0 (nenhuma migra¢ao), 1 (dano pequeno), 2 (dano médio) e 3 (dano maximo) (Figura

9).

Figura 9 — Fotomicrografias de nucledides corados com brometo de etideo. Classificagdo dos danos
no DNA no teste do Cometa. Cedido por Vanzela, T.P. Aumento original: 100X.

O teste tem sido muito utilizado na identificagdo de agentes com atividades
genotoxicas (FARBAIRN et al., 1995). A versao alcalina (pH>13 do tampao de eletroforese)
pode ser usada para detectar danos no DNA do tipo quebras de fita simples, sitios alcali
labeis, pontes entre DNA-DNA e DNA-proteina. Ao contrario das outras alteragdes, que
elevam as taxas de migragdo do DNA, as pontes podem estabilizar o DNA cromossomico e

inibir a migragao.
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Essas pontes ndo podem ser visualizadas, mas, sua deteccao ¢ feita através
de comparacao de taxas de migragdo em relagdo ao controle negativo. A migracdo menor que
a presente no controle negativo (que apresenta niveis basais de migragdo) indica a presenga
dessas pontes, que sdo lesdes relevantes para o processo de mutagénese (PFUHLER; WOLF,
1996; MERK; SPEIT, 1999).

Quebras simples nao sdo consideradas letais e podem ser rapidamente
reparadas por mecanismos de reparo disponiveis na célula, enquanto as quebras de fita dupla
sdo mais danosas, podendo levar a liberacdo de fragmentos que dificilmente sdo reparados, e
freqiientemente resultam em uma mutacao (COLLINS et al.,1997).

Lesdes no DNA que podem ser detectadas através do ensaio cometa, ndo
sdo somente quebras de fita, as quais tém um papel relevante na formacdo de aberragdes
cromossOmicas, mas também modificacdes nas bases do DNA, como sitios apurinicos e
apirimidinicos, que sdo relevantes na inducdo de mutacdes. Nestes casos, os agentes
genotoxicos nao induzem quebras diretamente, mas atuam gerando tais sitios no DNA. Esses
sitios sdo alcali-labeis e provavelmente sdo convertidos em quebras em altos pHs, como o
utilizado no ensaio cometa alcalino (COLLINS et al.,1997). Contudo, essas lesdes primarias
sdo passiveis de reparo e podem ndo resultar em alteracdes genéticas (BRENDLER-
SCHWAARB et al., 2005).

A versdo in vivo do teste do cometa tem sido amplamente utilizada em testes
de genotoxicidade. As vantagens da realizacdo em animais incluem a aplicabilidade a vérios
tecidos, ou seja, ¢ possivel a verificagao de possiveis danos em diferentes 6rgaos do animal,
ele ¢ sensivel para deteccdo de niveis bem baixos de lesdes, requer pequeno numero de
células por amostra, ¢ de facil execucdo, requer curto periodo para conclusdo dos
experimentos, além de apresentar relativamente baixo custo (TICE et al., 2000).

Embora o teste seja amplamente aplicado, as técnicas de isolamento celular
e as condigdes do experimento nos quais o teste ¢ conduzido variam consideravelmente. A
natureza quimica e o mecanismo de a¢do do agente mutagénico, a concentragdo e quantidade
de agarose de baixo ponto de fusdo (LMP) utilizada, a composi¢do da solug¢do de lise e o
tempo de desnaturacdo alcalina sdo varidveis técnicas que podem afetar a sensibilidade do
teste (OLIVE et al., 1992; SPEIT et al.,, 1996). No entanto, quando realizado de forma
apropriada, o teste tem se mostrado muito seguro e com alta sensibilidade para deteccio de
danos em oOrgdos que ndo podem ser investigados nas andlises classicas como o teste de
sintese do DNA nao programada (do inglés UDS, Unscheduled DNA synthesis)
(HARTMANN et al., 2004).
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2 OBJETIVOS

2.1 OBJETIVOS GERAIS

Contribuir no subprojeto de pesquisa “Uso sustentavel da biodiversidade
brasileira: prospec¢do quimico-farmacoldgica em plantas superiores”, o qual faz parte do
projeto Biota- FAPESP, aumentando os conhecimentos sobre atividades bioldgicas de plantas

utilizadas na medicina popular.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Utilizar quatro espécies distintas de plantas do género Miconia em
experimentos para avaliar os potenciais citotoxicos, genotdxicos, mutagénicos e protetores de
cada extrato vegetal, utilizando como parametros:

a) o teste do microntcleo e o ensaio cometa em células de mamiferos in vivo.

b) o ensaio clonogénico ¢ o teste do microntcleo em células de mamiferos in vitro.

2.2.2 Avaliar a citotoxicidade e mutagenicidade de extratos de espécies do
género Guapira e Indigofera através do teste do microntcleo em células da medula 6ssea de

camundongos.

2.2.3 Comparar os resultados obtidos na avaliacdo da citotoxicidade,

genotoxicidade, mutagenicidade e efeitos protetores das diferentes espécies avaliadas.
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Abstract

The genus Miconia comprises approximately 1000 species belonging to the Melastomataceae
family. Several crude plants extracts from Miconia and their isolated compounds showed
biological activities like analgesic and antineoplastic action, however, no study concerning
their effects on DNA is available. The aim of the present study was to evaluate, in vivo, the
genotoxic and mutagenic effects of four species of plants from Miconia genus using the comet
assay and micronucleus test. Their possible protective effects were also evaluated in
experiments associating the plant extracts with cyclophosphamyde. The methanolic extracts
of M. albicans, M. cabucu, M. rubiginosa, M. stenostachya and the chloroformic extract from
M. albicans were investigated. For genotoxic and mutagenic evaluation, three concentrations
were tested, 200, 400 and 540 mg/kg b.w., based on the solubility limit of the extract in
distilled water. As for the protective effects, only the higher dose was evaluated against 40
mg/kg b.w. of cyclophosphamide (CP). The blood was removed from the animal’s tail before
(TO) and after the treatment (T1-30h) for the micronucleus test (MN) and 24 hours after the
treatment for the comet assay. The t-Student test was used to compare between data obtained
at TO and T1 and ANOVA-Tukey to compare between groups in the micronucleus test and the
Kruskal-Wallis and Dunn’s test was used to compare between the different groups in comet
assay. All the extracts induced alterations in DNA migration (comet assay). Nevertheless, no
mutagenic effect was seen in the MN assay. All extracts showed a protective effect against
cyclophosphamide in both assays. Chemical analysis of the extracts suggests that the presence
of phenolic acids, tannins, flavonoids and catechins could be responsible for the protective
effect. Although mutagenic effects were not seen, further investigations should be made to
guarantee these results. Also the protective effect detected has encouraged new studies

regarding these extracts.

Introduction

The use of plants for healing purposes is becoming increasingly popular, as they are
believed to be beneficial and free of side effects. However, most of information available on
several medicinal herbs does not have any scientific supporting data and their use as
medicaments is based simply on traditional folk usage that has been perpetuated down

through several generations (1).
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Miconia is a genus including approximately 1000 species occurring in tropical
America (2, 3). The genus belongs to the Melastomataceae family, which is pantropical with
over 166 genera which include about 4300 species (2). Many of these plants are used as
medicine by people living in the Cerrado area, a Brazilian savannah ecosystem.

Studies aiming to describe several biological activities of the Miconia species have
shown promising results. Some studies have described the analgesic effects of the crude
extracts (hexane, methylene chloride and ethanol) obtained from Miconia species (4-6). The
triterpenes ursolic acid, oleanolic acid and gypsogenic acid of Miconia fallax DC. and
Miconia stenostachya (Schrank & Mart.) DC. were active against blood trypomastigote forms
of Trypanosoma cruzi (7). Phenolic compounds from Miconia myriantha Benth showed
inhibitory effects against aspartic proteases secreted by Candida albicans (8). Primin, an
antibiotic extracted from Miconia sp. (Herb. 1.A.-1903) with a 2-metoxi-6-n-pentil-p
benzoquinone structure, presented strong antineoplastic action in cases of patients having
basal cell carcinoma, and one case of a patient having Kaposi's sarcoma (9).

Although several biological activities of Miconia species have been reported, no study
concerning its effects on DNA (induction, reduction or prevention of mutations) has become
available for the species from this work until the present time. Mutations in somatic cells are
important in the evolutionary process but are also involved in the mechanism of
carcinogenesis, and have a relevant role in degenerative chronic diseases such as
arteriosclerosis and heart diseases, which are the main cause of death in the human population
(10).

As most cancers are likely to be associated with mutagens and/or mitogens, researches
focusing on compounds that may inhibit or reverse either of the related processes may be
crucial in the search for chemotherapeutic agents (11). Epidemiologic studies have suggested
that a reduced risk of cancer is associated with a high consumption of vegetables and fruit.
Thus, the cancer chemopreventive potential of naturally occurring phytochemicals is of great
interest (12). Antimutagenic activity was described for compounds isolated from plants, such
as phenolic acids (ferulic and gentisic acids) (13), tannins and flavonoids (14; 15; 16) and also
terpenes (17).

The aim of the present study was to assess in vivo, using the comet assay and the
micronucleus test, the genotoxic and mutagenic potential of extracts from four Miconia
species and also the possible protective effects of these extracts against the damage induced

on DNA by cyclophosphamide.
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Material and methods

Chemicals
Cyclophosphamide (CPA) (Sigma — CAS: 50-18-0) was diluted in distilled water and

used as positive control and as the damage-inducing agent in tests.

Animals

Male and female albino Swiss mice (Mus musculus) being five to six weeks old,
weighing approximately 30g, were used for the comet assay and micronucleus test. They were
from State University of Londrina (Parana — Brazil) and were kept individually in
polypropylene cages following the conditions for animal care recommended by the Canadian
Council on Animal Care (18).

Two hundred and fifty animals were divided into groups of ten (five males and five
females) for each treatment and the animals were the same for both endpoints utilized (comet

assay and micronucleus test).

Plant material, extract preparation and isolation

The aerial parts of Miconia cabucu Hoehne were collected in April of 2005 at
Pariquera-Agu, Sdo Paulo State, Brazil, and authenticated by Dr. Jorge Yoshio Tamashiro
from the Instituto de Biologia, UNICAMP, Sao Paulo. A voucher specimen (no. 1430) has
been deposited in the Herbarium of the Universidade Estadual de Campinas, Brazil.

Miconia rubiginosa (Bonpl.) (voucher BOTU 25.376) and Miconia stenostachya D.C
(voucher BOTU 25.377) were collected in March of 2005 at Palmeiras da Serra, Pratania, Sao
Paulo State, Brazil and authenticated by Luiz Fernando Rolim de Almeida from the Instituto
de Botanica, UNESP. Voucher specimens were deposited at the Herbarium “Irina Delanova
Gemtchujnicov” BOTU of the Instituto de Biociéncias, UNESP, Botucatu.

Miconia albicans (Sw.) Steud leaves were collected in the Universidade Estadual
Paulista (UNESP) campus of Bauru (Sdo Paulo, Brazil) and identified by Dra. Anne L.
Dokkedal. A voucher specimen was deposited in the Herbarium of the Biology Department of
UNESP/Bauru (UNBA), under number ALD 145.

The aerial parts obtained from each specie were dried (at 40 °C for 4 days) and
powdered. The dry powdered material was macerated with 2 L of chloroform and methanol
successively at room temperature (3 times and left for 48 hours in each solvent). Solvents

were filtered and evaporated at 35°C under reduced pressure affording CHCl; and MeOH
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extracts respectively. The quantity of extract obtained from all species studied in this work
were in percentage: 15.0 and 3.1 for MeOH and CHCl; of M. albicans and 3.3, 9.3, 14.6

respectively for M. cabucu, M. rubiginosa and M. stenostachya.

Chromatographic analysis of the species studied.

The chemical constituents present in the extracts of the species studied were identified
according to the method of Wagner et al, 1984 (19). The chromatographic analyses were
carried out on glass plates (5-30 cm) coated with Fluka F254 silica gel 0.25 mm thick and
eluted in three different solvent systems: n-butanol/acetic acid/water (BAW) 65:15:35 v/v;
and chloroform/methanol/ammonia 8:2:0.5 v/v; and chloroform/methanol/n-propanol/water
5:6:1:4 v/v (lower layer). After, 5 mg of each extract were dissolved in 1 mL of a 1:1 v/v
mixture of methanol-water, submitted to an ultrasonic bath for 5 min and then centrifuged.
Approximately 10 mL of the solution was spotted onto the TLC plates. Alkaloids were
detected by spraying the plates with Dragendorff’s reagent or iodoplatinate. Anthraquinones
were detected using 10% potassium hydroxide solution in methanol. Flavonoids were
detected by their intense fluorescence in visible or UV light when developed with a natural
product/polyethylene glycol (NP/PEG) reagent. General phenolic compounds were detected
after exposing the plates to ammonia vapors and immediately observing the fluorescent spots
under UV light. Saponins, triterpenes, and steroids were detected either with anisaldehyde—
sulphuric acid reagent or sulphate—sulphuric acid solution, which produced a range of colors
after heating for 5 min at 100 °C. Tannins were detected with 5% ferric chloride solution in

methanol and with 1% gelatin solution.

Experimental design

The animals were treated with 0.1mL of each of the solutions for every 10g of body
weight and they received water and food ad [libitum throughout the treatment period. To
evaluate the genotoxicity and mutagenicity of the extracts, the extracts were assessed in three
different doses: 200, 400 and 540 mg/kg b.w., via gavage. These doses were based on the
solubility limit of the extract in distilled water. In view of the low solubility of the CHCl;
extract, it was diluted in Tween 8%.

A negative, a positive and a solvent control group were established for the treatment of
the animals with distilled water, cyclophosphamide (40 mg/kg b.w. i.p.) and Tween 8%,
respectively. To assess the antimutagenic activity of four Miconia species, cyclophosphamide

was administrated in a single dose intraperitoneally and one hour after this, the plant extract
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was administered via gavage. Only the highest dose, 540 mg/kg b.w., of each extract was

evaluated with respect to its protective effects.

Comet assay

The alkaline version of the comet assay was performed according to guidelines
proposed by Singh et al. (20), with a slight modification (21). Twenty-four hours after the
treatment, 20 pL of heparinized periphery blood were mixed with 120 pL of 0.5% low-
melting-temperature agarose in PBS and applied to microscope slides pre-coated with 1.5%
normal-melting-temperature agarose in PBS. The slides were covered with a microscope
coverslip and refrigerated for 5 min to gel. This was followed by immersion in ice-cold
alkaline lysing solution (2.5M NaCl, 10 mM Tris, 100 mM EDTA, 10% DMSO, 1% Triton
X-100, final pH 10.0) for at least 1 h. The slides were then incubated for 20 min in ice-cold
electrophoresis solution (0.3 M NaOH, 1 mM EDTA, pH>13), followed by electrophoresis at
25 V:300 mA (1.25 V/cm) for 25 min (22). After electrophoresis, the slides were then
neutralized (Tris 0.4 M, pH 7.5) and stained with ethidium bromide (20 pg/mL). One hundred
cells per animal (two slides of 50 cells each) were analyzed at 400 X using a fluorescence
microscope (Nikon) with a blue (488 nm) excitation filter and yellow (515 nm) emission
(barrier) filter. One scorer was used throughout the study and all slides were coded.
Quantification of DNA breakage was achieved by visual scoring and the cells were classified
into four categories representing each different degree of DNA damage, ranging from no
visible migration (type 0, undamage cells) to the maximum length comet (type 3, maximally
damaged cells) (23).

The frequency of damaged cells (DC) was obtained by adding up the number of cells
with damage from classes 1, 2 and 3 and then dividing by the total number of cells analyzed
in each treatment. The total score for 100 comets was obtained by multiplying the number of
cells in each class by the damage class, according to the formula modified from Manoharan
and Banerjee (24). Total score = (0 x ng) + (1 x n;) + (2 x np) + (3 x n3), where n = number of
cells in each class analyzed. Thus, the total score could range from 0 to 300.

The percentage reduction in the comet assay for the treatments with extracts showing
antigenotoxicity was calculated according to Manoharan and Banerjee (24) and Waters et al.

(25) using the formula:

Reduction (%) = mean score in A — mean score in B x 100

mean score in A — mean score in C
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where A is the group of cells treated with CPA (positive control); B the group of cells treated
with the extracts plus CPA and C the negative control.
The data were not homogeneous in regard to variance, so the Kruskal-Wallis test with

Dunn’s post-hoc test was used to analyze the results.

Micronucleus test

The micronucleus test was performed on peripheral blood cells from the tail vein
according to the protocol described by Hayashi et al. (26), which uses slides pre-stained with
acridine orange (CAS: 494-38-2). The glass slides were heated to about 70°C on a hot-plate
and a 10uL drop of an aqueous solution of the dye (1 mg/mL) was placed on each slide and
spread evenly over the surface with the end of a second well-cleaned slide. Once dry, the
slides were kept in the dark at room temperature for at least 24 h.

An internal control was established for each animal by preparing a test slide with a
drop of blood taken from its tail before the first treatment (time To). Thirty hours after the
treatment with the different compounds (T;), blood was obtained by perforating the caudal
vein of the mouse with a needle and collecting 5 pL. drops, each of which was placed at the
centre of a pre-stained slide and covered with a cover-slip (24 x 50 mm). These slides were
then kept in the dark at —20°C for a minimum of 24 h before the cytological examination of
the blood cells was done.

The cell preparations were examined under a fluorescence microscope (Nikon) with a
blue (488 nm) excitation filter and yellow (515 nm) emission (barrier) filter, using an
immersion objective. One thousand reticulocytes per treated animal were analyzed and the

proportion of micronucleated cells counted.

The mean frequencies of micronucleated cells obtained for times Ty and T, in each
treatment group were compared applying the Student t-test (p<0.05). The statistical ANOVA-
Tukey test was performed to calculate the means and standard deviations in order to compare
the results obtained for the groups treated with extracts and for control groups. The percentage
reduction in the frequencies of micronucleated cells from the treatments with extracts that
showed antimutagenicity was calculated according to Manoharan and Banerjee (24) Waters et

al. (25) as described above.

Results
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The compounds present in each species were flavonoids, tannins and phenolic
compounds. Fractionation of the methanolic extract from M. cabucu was done by Rodrigues
et al. (2007) (27) and led to the isolation of the biflavonoid 5-hydroxy-4’,7-
dimethoxyflavone-(6-C-6)-5"-hydroxy-3"’,4”",7”-trimethoxyflavone,  gallic acid and
flavonoids quercetin-3-O-f-xyllopyranosyl-(1—2)-O-a-rhamnopyranoside, quercetin-3-O-a.-
rhamnopyranoside, myricetin-3-O-a-rhamnopyranoside, quercetin-3-O-f-glucopyranoside,
kaempferol-3-O-f-(6"-coumaroyl)-glucopyranoside, myricetin-3-O-F-xyllopyranosyl-(1—2)-
O-o-rhamnopyranoside reported in literature The study of M. rubiginosa led to the
identification of gallic acid, quercetin-3-O-a-rhamnopyranoside, quercetin-3-O-4-
arabinofuranoside, quercetin-3-O-a-arabinopyranoside, quercetin-3-O-f-arabinopyranoside,
quercetin-3-O-f-galactopyranoside, quercetin-3-0O-a-rhamnopyranosil-(1—4)-O-f-
galactopyranoside and epicatechin. The study so far of the methanolic extract of M.
stenostachya led to the isolation of glycosilated flavonoids derived of quercetin and myricetin
and catechin derivates (unpublished data). Data from M. albicans were not available yet.

The results of genotoxicity, mutagenicity and protective effects obtained for males and
females were joined to constitute Tables I, II, III, and IV, since there was no statistical
difference between the results observed for these groups, demonstrating that gender

differences do not modify the activity of the plant extract in the animals.

Table I shows the results of the genotoxicity assessment for three doses (200, 400 and
540 mg/kg b.w.) from five plant extracts. The average values of the scores and frequency of
damaged cells obtained for all doses and extracts evaluated were statistically different from
the negative control, indicating genotoxic activity.

Negative results for mutagenic effect were observed for all treatment groups (Table
IT). Statistical differences between Ty and T; (t-Student test) were detected only for the
positive control group (cyclophosphamide). After 30 hours of treatment (T;), the data of all
experimental groups were compared between themselves using ANOVA and Tukey tests.

Only the positive control group differed from the others.

- Table I and = Table 11

All extracts presented protective activity because the results were statistically different

from that obtained from the cyclophosphamide treatment alone, indicating a reduction in the

50



scores and frequency of damaged cells (Table III) and also the frequency of micronucleated

cells (Table IV) caused by cyclophosphamide.

- Table III and = Table IV

The percentage reductions of damage in the comet and micronucleus assays after
treatments with different extracts of Miconia species were calculated and are presented in
Figure 1. The frequency of damaged cells was reduced to around 41.33% for the treatments
with the MeOH extract of M. albicans and M. stenostachya. The respective minimum and
maximum reductions of scores observed for all species were 44.22% for M. rubiginosa and
49.90% for M. albicans. The reduction of micronucleated cells was more significant (69.78%)
in the group treated with the CHCI; extract of M. albicans and less expressive (52.20%) for
the MeOH extract of the same specie.

- Figure 1

Discussion

In order to develop unknown products and chemicals, it is necessary to determine their
potential mutagenic effects. A balance between the therapeutic-versus-toxicological effects of
the compound is important when verifying its applicability as a pharmacological drug (28).

All of the Miconia extracts evaluated presented a low level of genotoxicity according
the comet classes detect (predominance of comet class 1). The values obtained for cells
treated with extracts were mid-range between those obtained in the negative control group and
the group treated with the known mutagen CPA. This fact suggests a moderate genotoxicity
of the extracts. In the comet assay, it was possible to quantify and to distinguish cells with
different rates of DNA damage, thus the analysis of the average values of the scores for each
group becomes very important. In the present work, a predominance of comet classes 1 was
observed for all treatment groups and almost no predominance for comet classes 2 and 3,
differing from the data obtained for CPA, where comet classes 1 and 2 predominated.

The consequences of disturbances in the DNA molecule, such as adducts, along with
single and double-strand breaks, might cause lesions that become permanent. The use of
micronucleus assay is an excellent means of evaluating any permanent damage in the genetic

material. The same extracts of this manuscript were evaluated in our laboratory about their
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potential citotoxicity (clonogenic assay) and mutagenicity (micronucleus test) in V 79 cell
line in vitro and three non citotoxic concentrations, chosen through clonogenic assay (5, 10 e
20 ug/mL), showed absence of mutagenicity (unpublished data). The negative results for the
mutagenicity observed in vivo in the present study may indicate that (i) the primary lesions
(strand breaks) in the comet assay were repaired and these did not permit the observation of
micronuclei, (ii) the lesions brought about in comet assay were mainly single strand breaks
that are less effective than double strand breaks in the production of chromosome fragments
(29), (iii) prevalent DNA lesions leading to effects in the comet assay may have been DNA
modifications such as abasic sites (AP sites) involved predominantly in the induction of gene
mutations (30) rather than in induction micronucleus.

Therefore, the combination of these two assays in the present work proved to be both
adequate and useful in the evaluation of the genotoxicity of the extracts from Miconia species
due to their complementary action.

Cyclophosphamide is an alkylating agent that after administration is widely distributed
throughout the body with a low degree of plasma protein binding (20%). Once activated, it
can, besides causing monoadducts, also induce the formation of DNA-DNA and DNA-protein
crosslinks (31) and generate free radicals that cause reactive species in a second mechanism
for damaging DNA (32). Consequently, CPA has been used as a clastogenic agent to induce
cellular damage in the micronucleus test for evaluating mutagenic and antimutagenic
activities (33).

In the present study, the protective effects of the Miconia extracts against DNA
damage induced by CPA were observed via the comet assay and in the MN assay. These
effects can be explained as being due to the chemical constituents present in the extracts. The
chemical analysis showed that polyphenols are the main compounds of Miconia cabucu
(Rodrigues et al., 207), M. rubiginosa and M. stenostachya (unpublished data). And these
analyses show that they are chemically similar what justifies the similarities of results
observed in our study.

According to Scalbert and Williamson (2000) (34), a major part of the polyphenols
ingested (75-99%) is not found in urine and bioavailability studies have shown that the
maximum flavonoids concentrations are most often reached 1-2 hours after ingestion, except
to polyphenols which are absorbed only after parcial degradation by the colon microflora.
According Anderson et al (1995) (33), the CPA peak concentrations in the blood plasma
occurs about one hour after the administration. Therefore, being the metabolism of

cyclophosphamide faster than that of the components of the extracts used, the interval of one

52



hour between CPA injection and the administration of extracts aimed to put the CPA and
extracts metabolites in contact at the same time in blood plasma.

A wide variety of botanical material, mostly dietary flavonoids or phenolic substances,
have been reported to possess substantial anticarcinogenic and antimutagenic activities
because of their antioxidant and anti-inflammatory properties (35). As antioxidants, the
flavonoids are capable of inhibiting the formation of free radicals and also eliminate them by
donating atoms of hydrogen to these molecules and interrupting the chain reaction (36).

Phenolic compounds, as such, are found naturally in various agricultural products,
such as coffee beans, fruits, vegetables, tobacco leaves, olive oils and wines (37). Caffeic
acid, one phenolic compound well studied, exhibits a cytoprotective effect on endothelial cells
against oxidized low-density lipoprotein (38). It also inhibits the oxidation of lipoprotein
exposed to ferrylmyoglobin and recycles a-tocopherol from a-tocopherol radicals (39).
Similarly to other phenolic acids (ferulic and gentisic acids), caffeic acid exhibited a
protective effect against the genotoxicity of acridine orange and ofloxacin in Salmonella
typhimurium (13).

Tannins are one such class of compound that is suspected of possessing protective
properties (14). Fedeli et al. (40) showed that, at low concentrations, tannins are capable of
protecting against DNA breakage, while at high concentrations they could be genotoxic. Chen
and Chung (41) showed the protective effect of tannins against the mutagenicity induced by
agents, which, like CPA, show indirect mutagenicity: benzidine, 4-aminobi-phenyl, 3,3'-4,4'-
tetraaminobiphenyl, and N,N- N',N'-tetramethylbenzidine. Several authors also have shown
that ellagic acid, a tannin detected in the chemical analyses of Miconia extracts, presents
protective effects to different types of cells treated with different mutagenic agents (42-43).

Compounds similar to those detected in the chemical analysis of the extracts used in
the present study showed mutagenic activity when assessed separately and in high
concentrations. Therefore, the absence of mutagenicity observed in this study for all the
extracts assessed in acute tests is probably due to the low concentration of these compounds
or to the interaction between them. Further studies (sub-chronic and chronic treatments) still
need to be conducted to confirm the absence of mutagenic effects of the extracts and allow
their safe indication of the use.

The additive and synergistic effects of phytochemicals in fruit and vegetables also
have been proposed as being responsible for their potent antioxidant and anticancer activities
(44). Among the distinguished compounds detected in the Miconia extracts are tannins,

phenolic acids and flavonoids, which have been described as antimutagenic agents when
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assessed separately. Their interactions and possible synergistic effects may facilitate the

protective effects observed.
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Fig. 1. Percentage of damage reduction offered by the extracts in the presence of the
cyclophosphamide calculated according to the formula of Manoharan and Banerjee (23) and

Waters et al. (24). The parameters shown are the average score, frequency of damaged cells
and frequency of MNRET.
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Table I. Detection of DNA damage using the comet assay of 100 white blood cells per mice
(n=10 animals per group) exposed to water, Tween 8%, CPA and plant extracts of Miconia

species and sampled at 24 hours (mean + standard deviation)

Levels of Damage

Frequency of

Score DC
TREATMENTS 0 1 2 3 (Mean £ SD) (Mean % SD)
Water 95.6+2.17 3.60+1.96 070082 0.10+£0.32 530£291° 0.04+0.02°
Tween 8% 96.44+2.67 3.00+£231 050£053 0.00+£0.00 4.00=£2.71% 0.04+0.02°
CPA 40 (mg/kg b. w.) 20.6+3.92 52.7+3.95 235+4.88 320+1.48 109.1+9.50° 0.79+0.04°
Plant Extracts (mg/kg b.w.)
M. albicans
EMeOH 200 8474323 14.0+346 130+1.16 0.00+0.00 164+£337° 0.15+0.03°
EMeOH 400 85.8+4.08 13.5+438 0.70+0.67 0.00£0.00 1491+387° 0.14+0.04°
EMeOH 540 86.5+3.41 12.6+3.53 0.90+0.74 0.00+0.00 142+3.65° 0.14+0.03°
ECHCI; 200 80.0+1.83 17.4+320 1.70+1.64 050+0.53 23.1+223% 0.20+0.02¢
ECHCI,; 400 79.9+348 185+3.24 140+052 030+048 222+397%¢ 0.20+0.03%¢
ECHCI, 540 81.5+3.10 16.8+3.19 1.40+1.07 040+0.52 20.8+3.49%¢ 0.19+0.03%¢
M. cabucu
EMeOH 200 84.1+436 150+481 163+1.06 0.00+£0.00 185+496%¢ 0.17+0.05%¢
EMeOH 400 83.0+433 153+4.00 1.67+1.12 0.00£0.00 1871+490%¢ 0.17+0.04%¢
EMeOH 540 83.9+3.89 14.8+444 133+1.00 000£0.00 174+3.54%% 0.16+0.04%¢
M. rubiginosa
EMeOH 200 82.5+292 1524262 200+1.05 030067 20.1+381%% 0.18+0.03%¢
EMeOH 400 83.5+3.87 14.5+3.72 2.00+0.82 0.00+£0.00 18.5+427%% 0.17+0.04%¢
EMeOH 540 82.1+£2.76 1534265 1.89+0.78 0.67+0.50 21.11 £3.55%9 0.18+0.03%¢
M. stenostachya
EMeOH 200 81.3+2.83 17.2+3.01 130+1.16 020+042 20.4+320%% 0.19+0.03%¢
EMeOH 400 83.8+3.49 15.8+3.79 030+048 0.10+0.32 16.7+3.23% 0.16+0.03%¢
EMeOH 540 81.8+244 167+211 1.50+1.18 0.00=£0.00 18.7+2.49%9 0.18+0.02%¢

SD = Standard deviation

DC = Damaged cells

EMeOH: methanol extract; ECHCIl;: chloroform extract;

Water: negative control; Cyclophosphamide (CPA): positive control; Tween 8%: solvent control.
Means with the same letter do not differ statistically (p>0.05).



Table II: Frequency of MNRETS for a total of 1000 analyzed cells per animal in each acute
treatment to evaluate the mutagenicity of three different doses of the extracts of Miconia

species and their positive and negative control groups

CONTROL (Ty) 30 Hours (T))
TREATMENTS
Number
(mg/kgb. w.) ofanimals MNRETs (Mean+SD) MNRETs (Mean + SD)
Water 10 13 1.3+0.67 13 1.3+0.82°
Tween 8% 10 11 1.1 £0.62 16 1.6+0.69°
CPA 40 mg/Kg p.c 10 10 1.0 £ 0.66 195 19.5+3.06°
Plant Extracts (mg/kg b. w.)
M. albicans
200 9 11 1.2+0.83 20 2.2+0.83°
EMeOH 400 9 16 1.8+1.20 22 2.4+0.73°
540 9 21 23+1.12 9 1.8+0.84°
200 10 13 1.3+0.48 14 1.4+1.08°
ECHC]; 400 10 10 1.0+£0.82 10 1.6+0.97°
540 10 16 1.6 £0.97 16 1.6+0.70*
M. cabucu
200 10 16 1.6 £0.70 17 1.7£0.90°
EMeOH 400 9 9 1.6 £0.88 9 1.9+0.78°
540 10 12 1.2+1.03 17 1.7+0.95°
M. rubiginosa
200 9 11 1.2 +0.67 13 1.4+0.73°
EMeOH 400 10 12 1.2+0.92 14 1.4+0.52°
540 10 12 1.2+0.92 16 1.6+0.97°
M. stenostachya
200 10 12 1.2+0.91 10 1.0+£0.94°
EMeOH 400 10 11 1.1+0.56 13 1.3+£0.95°
540 8 9 1.1+0.64 9 1.1+£0.84°

SD = Standard deviation

EMeOH: methanol extract; ECHC]l;: chloroform extract;

Water: negative control; Cyclophosphamide (CPA): positive control; Tween 8%: solvent control.
Means with the same letter do not differ statistically (p>0.05).
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Table III. Detection of DNA damage using the comet assay of 100 white blood cells per
mice (n=10 animals per group) exposed to water, Tween 8%, CPA and vegetal extracts of

Miconia species associated with CPA and sampled at 24 hours (mean + standard deviation)

Levels of Damage

Frequency of
score q y

TREATMENTS 0 1 2 3 DC
(Mean = SD) (Mean + SD)
Water 95.6+2.17 3.60£196 0.70£0.82 0.10£032 530+£291" 0.04+0.02°
Tween 8% 96.4+2.67 3.00+231 0.50+0.53 0.00+0.00 4.00+2.71" 0.04+0.02°

CPA 40 (mg/kg b. w.) 20.6+3.92 52.7+3.95 23.5+488 3.20+1.48 109.1£9.50° 0.79+0.04"
Tween 8% + CPA 40 2274335 520+3.08 222+435 3.11+145 1047843 0.77+0.03"
Plant Extracts + CPA 40
M. albicans EMeOH 540  51.6+542 413+4.10 538+213 1.75+0.89 57.3+7.89° 0.48+0.05°

M. albicans ECHCl; 540 50.7+3.64 39.9+285 7.33+£2.60 2.11+0.78 60.9+6.25° 0.49=+0.04°¢
M. cabucu EMeOH 540 51.2+4.57 41.0+566 560+246 220+0.92 588+583° 0.49+0.05°
M. rubiginosa EMeOH 540 50.7+3.28 38.1+4.14 856+230 2.67+2.12 632+721° 0.49+0.03°

M. stenostachya EMeOH 540 51.6+598 41.1+522 550+1.78 1.80+=1.14 57.5+£824° 0.48+0.06°

SD = Standard deviation

DC = Damaged cells

EMeOH: methanol extract; ECHCIl;: chloroform extract;

Water: negative control; Cyclophosphamide (CPA): positive control; Tween 8%: solvent control.
Means with the same letter do not differ statistically (p>0.05).



Table IV. Frequency of MNRETS in a total of 1000 analyzed cells per animal in each acute
treatment to evaluate the antimutagenicity of the extracts of Miconia species and their

positive and negative control groups

CONTROLE (T,) 30 Hours (T))
TREATMENTS
Number
(mg/kg b. w.) of animals MNRETs (Mean+=SD) MNRETs (Mean + SD)
Water 10 13 1.3+£0.67 13 1.3+£0.82°
Tween 8% 10 11 1.1£0.62 16 1.6 +0.69*°
CPA 40 10 10 1.0 £ 0.66 195 19.5+3.06"
Tween 8% + CPA 40 10 16 1.6 +0.70 133 13.3+3.53°¢
Plant Extracts + CPA 40
M. albicans MeOH 540 10 11 1.1+0.57 100 10.0 + 1.56¢
M. albicans CHCl, 540 10 15 1.5+0.97 68 6.8+ 1.48°
M. cabucu MeOH 540 10 17 1.7£0.67 73 73+1.64°
M. rubiginosa MeOH 540 10 16 1.6 +0.70 77 7.7+2.63°
M. stenostachya MeOH 540 10 16 1.6 £0.70 95 95+2.01%°

SD = Standard deviation

EMeOH: methanol extract; ECHCl;: chloroform extract;

Water: negative control; Cyclophosphamide (CPA): positive control; Tween 8%: solvent control.
Means with the same letter do not differ statistically (p>0.05).
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Abstract

While some herbs might be pharmacologically and clinically effective, they are not
necessarily free of mutagenicity and side effects. Therefore, investigation into the traditionally
used medicinal plants is valuable as a source of potential chemotherapeutic drugs and as a
safety measure for the continued use of medicinal plants. The aim of this study was to
evaluate six plant species belonging to Indigofera, Miconia e Guapira genera, all of them
used in folk medicine. It was also to provide data regarding their possible mutagenic and
cytotoxic effects in mice bone marrow cells from micronucleus testing. The citotoxicity of the
extracts was evaluated from the percentage of polychromatic erythrocytes (PCE) in 200
erythrocytes. A total of 2000 cells of each animal were analyzed, and the frequencies of
micronuclei in the PCEs were counted and the MNPCE frequencies were recorded. Only the
highest dose of the extract from the Guapira noxia presented mutagenicity and none of the
doses of the all extracts showed citotoxicity. The main constituents isolated from the extracts
evaluated were flavonoids, saponins, tannins and phenolic compounds. The saponins were
present only in the Guapira noxia extracts and may have been responsible for the mutagenic

effect observed for this extract.

Keywords: Micronuclei; Mice; Vegetal extracts; Mutagenicity

1. Introduction

While some herbs might be pharmacologically and clinically effective, they are not
necessarily free of mutagenicity and side effects. Therefore, investigation into the traditionally
used medicinal plants is valuable as a source of potential chemotherapeutic drugs and as a
safety measure for the continued use of medicinal plants (Verschaeve et al., 2004).

The Nyctaginaceae family contains 30 genera and 390 herbaceous and shrub species
found in tropical and subtropical regions (Di Stasi and Hiruma-Lima, 2002). Phytochemical
investigation of plant extracts from this family is still scarce. There are some works in
literature about Boerhaavia diffusa Linn. Hiruma-Lima (2002) reports as analgesic, anti-
inflamatory and diuretic activities attributed to this specie. In Bougainvillea spectabillis Wild,
several effects were detected, such as the inhibitory activity of the xanthine oxidase, the
reduction of hepatitis and brain tumors, and the presence of flavonoids, coumarins and

phenolic compounds (Chang et al., 1993). Guapira noxia (Netto) Lundell is a plant from this
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family that is commonly known in Brazil as “Maria-mole” or “Capa-rosa” and is a typical
species of the Brazilian savannah (Durigan et al., 2004). There has been no chemical or
biological study of this plant in literature; however, it is known for its use in folk medicine to
treat gastrointestinal diseases.

Indigofera truxillensis Kunth, a typical Brazilian savanna plant, is a specie of the
Fabaceae family. The Fabaceae family contains 482 genera and approximately 12000 species
(Di Stasi and Hiruma-Lima, 2002). Plants belonging to the genus /ndigofera are known to
produce indigo (an ancient dye) and have attracted the attention of many investigators due to
their medicinal properties (Chakrabarti et al., 2006; Mathabe et al., 2006). Together with the
indigoid pigments, kaempferol derivatives are the major secondary metabolites of the
Indigofera species (Hasan et al., 1996). 1. truxillensis is reported to be antiulcerogenic and
antioxidant as demonstrated experimentally by Cola-Miranda et al., (2006).

Miconia is a genus of approximately 1000 species occurring in tropical America and
belonging to the family Melastomataceae, which is pan tropical, with over 166 genera that
include about 4300 species (Renner, 1993). People living in Brazilian savannah area use many
of these plants as medicine. Miconia extracts and isolated compounds have demonstrated
antibiotic, antitumoral, analgesic and antimalarial activities (Hasrat, 1997; Cunha et al., 2003).

Some biological activities have already been described for Indigofera and Miconia
species but the Guapira genre has as yet been little studied. Therefore, the aim of this work is
to contribute to the knowledge of the biological activities of six plant species belonging to
Guapira, Indigofera and Miconia genus, commonly used in folk medicine, providing data

about their mutagenicity and citotoxicity in mammalian cells in vivo.

2. Material and methods

2.1Animals

Male and female albino Swiss mice (Mus musculus), five to six weeks old weighing
approximately 30g, were used for the micronucleus test. They were obtained from the Central
Animal Facility of the State University of Londrina (Parand — Brazil) and were kept
individually in polypropylene cages following the conditions for animal care recommended
by the Canadian Council on Animal Care (Olfert et al., 1993).

Three hundred and sixty animals were divided into groups of ten (five males and five

females) for each treatment.
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2.2 Plant material

Leaves of Guapira noxia (Netto) Lundell were collected in March of 2005 in
Campinas, Sao Paulo State, Brazil. Aerial parts of Indigofera truxillensis Kunth plants were
collected in April of 2005 Rubido Junior, Botucatu, Sdo Paulo State, Brazil and aerials parts
of Miconia cabucu Hoehne were collected in April of 2005 at Pariquera-Agu, Sao Paulo State,
Brazil. The plants were authenticated by Dr. Jorge Yoshio Tamashiro. A voucher specimen of
G. noxia (HUEC 1435), I. truxillensis (HUEC 131827) and M. cabucu (HUEC 1430) were
deposited at the Herbarium of the Universidade Estadual de Campinas (UNICAMP), SP,
Brazil.

Miconia rubiginosa (Bonpl.) DC (voucher BOTU 25.376) and M. stenostachya
Schrank & Mart (voucher BOTU 25.377) were collected in March of 2005 at Palmeiras da
Serra, Pratania, Sdo Paulo State, Brazil and authenticated by Luiz Fernando Rolim de
Almeida. Voucher specimens were deposited at the Herbarium “Irina Delanova
Gemtchujnicov” BOTU of the Instituto de Biociéncias, UNESP, Botucatu, SP, Brazil.

Miconia albicans (Sw.) Triana were collected in March of 2005 in Sdo Paulo State
University (UNESP), campus of Bauru (Sdo Paulo, Brazil) and identified by Dra. Anne L.
Dokkedal. A voucher specimen is deposited in the Herbarium of Biology Department of
UNESP/Bauru under number ALD 145.

2.3 Extract preparation

The aerial parts were dried (at 40 °C, for 4 days) and powdered. The powdered dried
material was macerated with 2 L of chloroform, methanol and 70% methanol, successively at
room temperature (3 times and for 48 hour for each solvent). Solvents were filtered and
evaporated at 35°C under reduced pressure affording CHCl;, MeOH and MeOH70 extracts,

respectively. Table 1 shows the extract yield of the species studied in this work.

2.4 Chromatographic analysis of the species studied
The chemical constituents present in the extracts of the species studied were identified
according to the method of Wagner et al. (1984). The compounds present in each extract are

showed in Table 2.

2.5 Experimental design
The animals were treated with each of the solutions used in a ratio of 0.1 ml for each

10g body weight. They also received water and food ad libitum throughout the treatment
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period. To evaluate the mutagenicity in bone marrow cells, the extracts were assessed in three
different doses: 200, 400 and 540 mg/kg b.w. via gavage. These doses were based on the
solubility limit of the extract in distilled water. Due to the low solubility of the CHCl;
extract, it was diluted in Tween 8%.

A positive and a solvent control group were established for the treatment of the
animals with distilled water, cyclophosphamide (40 mg/kg b.w.) and Tween 8%.
Cyclophosphamide (Sigma — CAS: 50-18-0) was diluted in distilled water and was

administrated intraperitoneally in a single dose.

2.6 Micronucleus test

The bone marrow preparations for the micronuclei analysis were made according to
Schmid (1975) with some modifications.

Animals were euthanized at 30 hours after the treatments and immediately after this,
both femurs of the mice were removed and the femur bone was freed from the extra muscles.
The epiphyses were cut and the bone marrow was flushed out with fetal calf serum (Gibco).
The cell suspension was centrifuged at 900 rpm for 10 min and the supernatant was discarded.
A small drop of the resuspended cell pellet was spread on to clean glass slides and air-dried.
The bone marrow smears were replicated twice and fixed in absolute methanol for 10 minutes
and stained with giemsa 5% at pH 6.8. On each slide 1000 cells were counted and classified
as polychromatic erythrocytes (PCE) and normochromatic erythrocyte (NCE). The
micronucleus frequency was observed only in the PCEs. Also, the PCEs were given score out
of 200 erythrocytes for each animal to determine the ratio PCE/PCE + NCE.

Data were analyzed using ANOVA and Tukey at the 0.05 level of significance.

3. Results

Table 3 show the results obtained from the mice bone marrow cells analysis after the
treatment with the extracts from Guapira noxia, Indigofera truxillensis and Miconia species
and with their control groups (negative and positive).

Only the 400 and 540 mg/kg b.w. doses of the CHCl; extract and the 540 mg/kg b.w.
dose of the MeOH 70% extract of Guapira noxia (Netto) Lundell presented frequencies of
micronucleated cells significantly higher than those found in the negative control. The
remaining doses of these extracts and of the MeOH extract from this same species did not

increase the micronucleus frequency.
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The three tested doses of the MeOH and CHCI; extracts of Indigofera truxillensis
were not able to raise the micronucleus frequency in relation to the negative control and are,
as such, free of mutagenic activity. The same result was found for the three doses of the five
extracts obtained from the species of the genus Miconia.

PCE/PCE + NCE ratio showed that the extracts at even higher doses along with the

positive control did not presented cytotoxic effects in mice bone marrow cells (Table 3).

4. Discussion

There are several reports on plant extracts exhibiting mutagenic and/or genotoxic
effects (Schimmer et al., 1994 and Déciga-Campos et al., 2007). Quercetin, furoquinoline
alkaloids and isothiocyanates are considered to be among the possible mutagens originating
from plants (Kassie et al., 1996). However, there are no reports on mutagenic compounds
isolated from the plant extracts investigated in this study.

The evaluation of micronucleus frequencies in vivo is one of the primary genotoxicity
tests recommended internationally by regulatory agencies for product safety assessment. An
increase in the frequency of micronucleated polychromatic erythrocytes (MNPCEs) in treated
mice is an indication of induced chromosome damages (Krishna & Hayashi, 2000). Data
obtained from micronucleus test in this work showed a moderate mutagenicity only for the
400 and 540 mg/kg b.w. doses of the CHCI; extract and the 540 mg/kg b.w. dose of the
MeOH 70% extract, both obtained from Guapira noxia (Netto) Lundell.

Erythropoiesis is an ongoing process, and there is a continual progression of cells from
erythroblasts through the PCE stage to NCE. A considerable fraction of MNPCE migrates to
the peripheral blood soon after their formation in the bone marrow, before maturing into
NCEs. Some of the PCEs do mature into NCEs in the bone marrow itself and then migrate to
the peripheral blood (Venkatesh, 2007). The PCE/NCE ratio is an indicator of the acceleration
or inhibition of erythropoiesis. The PCE/NCE ratio has been reported to vary with scoring
time, and the continuous decline in the PCE/NCE ratio may be due to the inhibition of cell
division, killing of erythroblasts, removal of damaged cells, and/or dilution of the existing cell
pool with newly formed cells (Al-Harbi, 1993).

In the citotoxic evaluation, none of the extracts assessed in the present study reduced
the PCE frequency in relation to total cells analyzed (PCEs + NCEs). Cytotoxicity of the
cyclophosphamide in the dose utilized in this work (40 mg/ kg b.w.) was not observed.
Grisolia (2002) also did not observe citotoxicity for the CPA in the dose of 30 mg/kg b. w.
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Both works had as their aim the evaluation of mutagenicity and, in these cases, it is necessary
that the dose of the compound utilized in the positive control group be free of citotoxicity in
order not to interfere in the results of mutagenicity. However, this property was reported when
employed high doses of this alkylating agent as Erexson (2003) who used CPA in a dose of
80 mg/kg b. w.

The chemical constituents present in the extracts of the species studied were identified
according to the method of Wagner et al. (1984) and are shown in Table 2. The main
constituents isolated were flavonoids, saponins, tannins and phenolic compounds. Plant
flavonoids are common dietary components that have many potent biological properties.
Quercetin also has an anti-oxidative capacity (Burda and Oleszek, 2001). However, at higher
doses, flavonoids may act as mutagens, pro-oxidants that generate free radicals, and as
inhibitors of key enzymes involved in hormone metabolism. Thus, in high doses, the adverse
effects of flavonoids may outweigh their beneficial ones, and caution should be exercised in
ingesting them at levels above that which would be obtained from a typical vegetarian diet
(Skibola and Smith, 2000).

Tannins are water-soluble polyphenols that are present in many plant foods.
Incidences of certain cancers, such as esophageal cancer, have been linked to the consumption
of tannin-rich foods such as betel nuts and herbal teas, suggesting that tannins might be
carcinogenic. However, other reports indicate that the carcinogenic activity of tannins might
be related to components associated with tannins rather than the tannins themselves (Chung et
al., 1998). Condensed tannins induce micronuclei in other mammalian cells (Sanyal et al.,
1997). 1t is known that tannic acid, a structural component of tannins, in presence of metal
(Cu2+) induces DNA degradation by generating a reactive oxygen species (Khan and Hadi,
1998). According to these authors, the mutagenicity of tannins greatly depends on their
structural characteristics.

Guapira noxia was the only specie of this study that presented mutagenicity in some
of the doses evaluated of its extracts. The presence of saponins in Guapira noxia extracts
distinguishes it from the others. Saponins constitute a vast group of glycosides, which occur
in many plants. They are characterized by their surfactant properties; they dissolve in water
and when shaken, form a foamy solution (Gurib-Fakim, 2006). Saponins have been isolated
and identified from alfalfa roots and clover Trifolium incarnatum seeds and, when they were
tested for mutagenicity, all of them were found to be non-toxic and non-mutagenic for the
doses tested (Czeczot et al, 1994). Many saponins have been evaluated for other biological

activities and have presented hemolytic properties and toxicity to cold-blooded animals
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especially fish (Gurib-Fakim, 2006). In the studies cited, the saponin was evaluated on its
own, which makes its comparison with our data difficult, since it is one of the compounds of
the crude extracts.

Thousands of phytochemicals are present in whole foods. These compounds differ in
molecular size, polarity, and solubility, which may affect the bioavailability and distribution
each phytochemical in different macromolecules, subcellular organelles, cells, organs, and
tissues and the interaction of them with other compounds (Liu, 2004). To interpret our results
it is necessary to consider the possible interaction between saponins and other compounds,
because this interaction is probably responsible for the mutagenic effect observed for the

Guapira noxia extract.
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Table 1. Mass of the extract obtained from the species studied

Species Dried plants (g) Extracts (% veld)
CHClL, MeOH MeOH70
1. truxillensis 500 2.7 6.9 ne
G. noxia 1000 4.7 9.6 5.6
M. albicans 500 3.1 15.0 ne
M. cabucu 600 ne 33 ne
M. rubigibnosa 500 ne 9.3 ne
M. stenostachya 500 ne 14.6 ne
ne: not studied
Table 2. Phytochemical screening of the species studied
Species Alkaloids Flavonoids Triterpenes, Saponins Tannins Phenolic
Steroids acids
1. truxillensis + + + - - +
G. noxia - + - + - +
M. albicans - + - - + +
M. cabucu - + - - + +
M. rubigibnosa - + - - + +
M. stenostachya - + - - + +

+: presence; -: absence



Table 3. Polychromatic micronucleated erythrocytes (MNPCEs) from bone marrow, per 2000
analyzed cells, after the acute treatment (30 hours) with the different doses of the Guapira and

Indigofera extracts and their positive and negative groups.

TREATMENTS PCEs/ PCEs +
NCEs
(mg/kg b. w.) N MNPCEs Mean + SD Mean + SD
Water 10 34 3.4+1.27 0.586 = 0.04
Tween 8% 10 27 2.7+ 1.64 0.662 £ 0.06
CPA 40 10 353 35.3+£5.91 0.656 + 0.1
Plant Extracts
200 9 39 43+1.12 0.589 + 0.06
G. noxia MeOH 400 10 37 3.7+ 1.70 0.560 £ 0.06
540 10 49 4.9+ 1.60 0.614 + 0.06
200 10 53 5.3+0.82 0.608 = 0.05
G. noxia CHCl; 400 10 91 9.1+1.91* 0.592 £ 0.07
540 10 101 10.1£1.10* 0.642 £ 0.07
200 10 44 4.4 £1.35 0.624 = 0.06
G. noxia MeOH 70% 400 10 48 4.8 +0.63 0.615+ 0.04
540 10 81 8.1+2.18% 0.640 £ 0.06
200 10 40 4.0+ 1.49 0.635 £ 0.04
L truxillensis MeOH 400 10 30 3.0+1.05 0.599 + 0.07
540 10 33 3.3+1.06 0.667 £ 0.05
200 10 38 3.8+0.63 0.612 £ 0.05
L truxillensis CHCl, 400 10 32 3.2+0.42 0.620 + 0.04
540 10 32 3.2+0.63 0.622 £ 0.07
200 10 34 3.4 +0.52 0.605 £ 0.053
M. albicans MeOH 400 10 33 3.3+0.95 0.639 £ 0.045
540 10 28 2.8+0.42 0.644 £ 0.031
200 10 38 3.8+0.92 0.584 + 0.042
M. albicans CHCl; 400 10 35 3.5+1.08 0.584 + 0.052
540 10 35 3.5+0.85 0.595 £ 0.058
200 9 35 3.9+1.45 0.613 £ 0.09
M. cabucu MeOH 400 10 39 3.9+0.88 0.564 + 0.053
540 9 31 3.4+0.73 0.508 £ 0.073
200 9 30 3.3+0.07 0.524 + 0.037
M. rubiginosa MeOH 400 9 28 3.1+0.60 0.675 +0.109
540 9 31 3.4+0.97 0.599 + 0.040
200 9 31 34+073 0.659 + 0.060
M. stenostachya MeOH 400 10 23 23+048 0.645 + 0.049
540 9 26 2.9+0.93 0.646 + 0.064

SD = Standard deviation ; N = Number of animals; MeOH = methanol extract; CHCl; = chloroform extract;
MeOH 70% = methanol extract 70%; Water = negative control; Cyclophosphamide (CPA) = positive control,
Tween 8% = solvent control.

* Values different from those obtained with negative control
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Resumo

O género Miconia possui aproximadamente 1000 espécies sendo que, para algumas, ja foram
descritas atividades biologicas como a analgésica e antimicrobiana. Esse trabalho teve como
objetivo avaliar os possiveis efeitos protetores e citotoxicos dos extratos metandlicos de M.
albicans, M. cabucu, M. rubiginosa ¢ M. stenostachya e do extrato cloroférmico de M.
albicans em células da medula 6ssea de camundongos na dose de 540 mg/kg p.c. Os extratos
foram administrados via gavage e a ciclofosfamida (CPA) foi aplicada intraperitonealmente 1h
apos a suplementacdo com os extratos. Todos os animais foram submetidos & eutanasia 30h
apos o tratamento. As células analisadas foram retiradas da medula 6ssea de acordo com
protocolo descrito por Schmid (1975). A citotoxicidade dos extratos foi avaliada pela
percentagem de eritrdcitos policromaticos (PCE) em 200 eritrocitos (PCE + NCE). Foram
analisados 2000 PCEs por animal e anotadas as freqiiéncias de MNPCEs. Os resultados
obtidos mostraram que nenhum dos extratos associados a CPA apresentou efeito citotdxico e
somente os extratos de M. rubiginosa, M. stenostachya mostraram efeito protetor ao DNA. A
analise quimica dos extratos mostrou que as quatro espécies estudadas contém, principalmente,
flavonoides, compostos fendlicos e taninos. A caracterizagdo fitoquimica desses extratos
poderia contribuir para elucidagdo do efeito protetor apresentado somente pelas espécies M.
rubiginosa e M. stenostachya, além de possibilitar o estudo de outras possiveis atividades
terapéuticas.

Palavras-chave: Microntucleo. Plantas medicinais. Anticlastogenicidade.

Abstract

The genus Miconia is comprised of approximately 1000 species, for some, has been described
as the biological activities analgesic and anti-microbial. The aim of this study was to evaluate
the possible protective and citotoxic effects of the methanolic extracts from M. albicans, M.
cabucu, M. rubiginosa ¢ M. stenostachya and the chloroformic extract from M. albicans in
mice bone marrow cells in the dose of 540 mg/kg b.w. The extracts were administered by
gavage and the cyclophosphamide (CPA) was applied by ip. route one hour after the
administration of the extracts. All animals were submmited to euthanasia 30 hours after the
treatment. The analyzed cells were extracted from mice bone marrow according to protocol
described by Schmid (1975). The citotoxicity of the extracts was evaluated through the
percentage of polychromatic erythrocytes (PCE) in 200 erythrocytes (PCE + NCE). Two
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thousand cells of each animal were analyzed, and the frequencies of micronucleated
polychromatic erythrocytes (MNPCEs) were scored. The results obtained indicated that none
of the extracts associated with the CPA showed citotoxic effect and only the extracts of M.
rubiginosa and M. stenostachya showed protective effects to DNA. Chemical analyzes of the
extracts showed that the four species studied contain, mainly, flavonoids, phenolic compounds
and tannins. The phytochemical characterization of these extracts could contribute to elucidate
the protective effect presented only for the M. rubiginosa e M. stenostachya species, besides to
possibility the study of other therapeutic activities.

Keywords: Micronucleus. Medicinal plants. Anticlastogenicity.

1. Introducao

O uso de espécies vegetais para fins de tratamento e cura de doengas remonta ao inicio
da civilizagdo, desde 0 momento em que o homem comegou um longo percurso de manuseio,
adaptacao e modificacdo destes recursos para seu proprio beneficio. Atualmente, a natureza
continua a ser uma grande fonte de medicamentos para a humanidade. Nos ultimos 20 anos, o
interesse pelas plantas medicinais tem aumentado o volume de investigacdes cientificas sobre
seus efeitos bioldgicos em seres humanos e animais (VEIGA JR. et al., 2005).

Para a Organizagdao Mundial da Saude, plantas medicinais sdo todas aquelas, silvestres
ou cultivadas, que podem ser utilizadas como recurso para prevenir, aliviar, curar ou modificar
um processo fisiologico normal ou patologico, ou como fonte de farmacos e de seus
precursores (ARIAS, 1999), enquanto que fitoterapicos sdo produtos medicinais acabados e
etiquetados, cujos ingredientes ativos sdo formados por partes aéreas ou subterraneas de
plantas, ou outro material vegetal, ou combina¢des destes, em estado bruto ou em formas de
preparagdes vegetais. Por material vegetal se entendem sucos, resinas, Oleos fixos, 6leos
volateis e qualquer outro de natureza semelhante (OMS, 1991).

Sdo varios os exemplos de medicamentos que foram desenvolvidos de fontes naturais,
especialmente de plantas, incluindo, entre outros, a morfina, os curares, os digitalicos € muitos
medicamentos usados no tratamento do cancer (vimblastina, vincristina e taxol), as estatinas
usadas nas dislipidemias, os imunossupressores € varios antibioticos. Atualmente, ha um
grande interesse das industrias farmacéuticas pelo uso da biodiversidade como fonte de novos
farmacos (CALIXTO, 2001).

O papel das plantas medicinais na quimioprevengdo do cancer vem sendo muito

investigado e apresenta resultados promissores. Quimioprevencdo pode ser definida como
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inibicdo ou reversdo da carcinogénese, um processo que comeca com células de morfologia
normal e termina com a formagdo de tumores invasivos (KELLOF et al., 1994). Nas ultimas
duas décadas, um aumento nas evidéncias obtidas a partir de estudos epidemioldgicos ¢ de
laboratoério, tem demonstrado que algumas plantas, como um todo ou através de compostos
isolados, t€m efeitos protetores substanciais na carcinogénese humana (SURH; FERGUSON,
2003).

Embora muitos remédios de origem vegetal tenham sido relatados como
anticarcinogénicos, somente poucos t€ém ganhado substancial popularidade como terapias
alternativas para a doenca. Terapias complementares ou adjuvantes, como 0s proprios nomes
sugerem, sdo tipicamente usadas para suplementar a medicina ou prover a atenuacdo dos
efeitos adversos através de tratamentos ndo invasivos, com pouco ou nenhum efeito adverso
(CASSILETH, 1996).

O presente estudo teve como objetivo avaliar a atividade anticlastogénica de extratos
vegetais de quatro espécies de plantas medicinais do cerrado brasileiro, pertencentes ao género
Miconia: M. albicans, M. cabucu, M. rubiginosa, M. stenostachya. Todos os extratos foram
anteriormente avaliados in vivo por nosso grupo nas concentracoes de 200, 400 e 540 mg/Kg
p.c. ¢ nenhum deles apresentou mutagenicidade em nenhuma das concentracdes testadas
(trabalho submetido). A partir desses resultados, a maior concentragdo de cada extrato foi
escolhida para ser avaliada quanto a sua capacidade de reduzir danos no DNA causados pelo
quimioterdpico ciclofosfamida, através do teste do micronucleo em células da medula 6ssea de

camundongos.

2. Materiais e Métodos

2.1 Animais

Foram utilizados camundongos Swiss albinos (Mus musculus), com aproximadamente
30 g de peso corporeo ao inicio dos tratamentos, provenientes do Biotério Central da
Universidade Estadual de Londrina (Parana — Brasil), mantidos individualmente em caixas de
polietileno com tampa grade, de acordo com as recomendagdes do Canadian Council on
Animal Care (OLFERT et al., 1993). Esse projeto de pesquisa foi aprovado pelo Comité de
Etica da Universidade Estadual Paulista (Unesp- Araraquara) de acordo com o protocolo

numero 50-2004.

2.2 Extratos Vegetais
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As partes aéreas de Miconia cabucu Hoehne foram coletadas em abril de 2005 em
Pariquera-Agu, estado de Sao Paulo, Brasil, ¢ identificadas por Prof. Dr. Jorge Yoshio
Tamashiro do Instituto de Biologia, Unicamp, Sao Paulo. A exsicata (no. 1430) foi depositada
no herbario da Universidade Estadual de Campinas, Brasil.

Miconia rubiginosa (Bonpl.) (exsicata BOTU 25.376) e Miconia stenostachya D.C
(exsicata BOTU 25.377) foram coletadas em marco de 2005 em Palmeiras da Serra, Pratania,
estado de Sao Paulo, Brasil e foram identificadas pelo Dr. Luiz Fernando Rolim de Almeida do
Instituto de Botanica, UNESP. As exsicatas foram depositadas no herbério “Irina Delanova
Gemtchujnicov” BOTU do Instituto de Biociéncias, UNESP, Botucatu.

Miconia albicans (Sw.) Steud foi coletada na Universidade Estadual de Sao Paulo
(UNESP), campus de Bauru e identificada pela Dra. Anne L. Dokkedal. A exsicata foi
depositada no herbario do Departamento de Biologia da UNESP/Bauru (UNBA), com o
numero ALD 145.

Os materiais vegetais foram secos em estufa a 40°C e moidos em moinho de facas. Os
extratos foram preparados por maceracdo com CHCI; para extrair os componentes mais
apolares ¢ com MeOH para a extragdo dos constituintes polares. Posteriormente foram
concentrados em evaporador rotativo a pressdo reduzida. As massas obtidas estdo relatadas na
Tabela 1. A extracdo de cada solvente foi realizada trés vezes, a fim de se obter um bom

rendimento.
- Tabela 1

O clean up por SPE-C3 foi realizado de acordo com o procedimento descrito na
Figura 1. Essa metodologia foi desenvolvida a fim de se obter fracdes enriquecidas de
metabolitos da mesma classe. As fragdes obtidas foram analisadas separadamente por HPLC-
UV-DAD e a analise dos espectros de UV obtidos sugere a presenga de derivados de acidos
fendlicos de alta polaridade, taninos, flavondides glicosilados e catequinas (RODRIGUES et
al, 2007).

- Figura 1

2.3 Ciclofosfamida (CPA)
A CPA (C,H;5CL;N,P.H,0) ¢ um agente antineoplasico ¢ imunossupressor altamente
mutagénico, utilizado em tratamentos quimioterapicos. Caracteriza-se por ser um po cristalino,

fino, branco, com pouco ou nenhum odor, e possui peso molecular de 279,1 (ANDERSON et

al., 1995).
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CPA (Sigma- 6055-19-2) foi utilizada como controle-positivo na dose de 40 mg/kg

p.c., sendo diluida em &gua destilada e administrada via intraperitoneal.

2.4 Tratamento dos animais

Os animais foram distribuidos em grupos de 10 (5 machos e 5 fémeas) para cada
tratamento e receberam 0,1 mL de cada uma das solugdes empregadas para cada 10 g de peso
corpoéreo, além de agua e alimento ad /ibitum no decorrer de todo o periodo de tratamento.

Os extratos foram avaliados na concentragdo de 540 mg/Kg p.c, escolhida com base
nos estudos prévios de mutagenicidade. Para isso, foi realizado um tratamento simultaneo do
extrato com o agente indutor de danos, a ciclofosfamida (na dose de 40 mg/Kg p.c). Esta foi
administrada em dose Unica, via intraperitoneal, uma hora depois do extrato vegetal, agua
destilada (controle negativo) ou solvente serem administrados via gavage. Com essa diferenca
de uma hora entre os tratamentos espera-se ter ocorrido a entrada simultanea da CPA ¢ dos
componentes do extrato, da agua ¢ do solvente na corrente sanguinea dos animais, uma vez
que os compostos (com exceg¢dao da CPA) estardo sujeitos ao transito digestivo. Para avaliacao
dos efeitos protetores dos extratos de Miconia contra os danos clastogénicos promovidos pela

CPA os animais foram divididos nos seguintes grupos:
1. Agua destilada via gavage
2. Tween 8% via gavage
3. CPA via intraperitoneal
4. CPA + Tween 8% via gavage
5. CPA +EMeOH de M. albicans
6. CPA + ECHCI; de M. albicans
7. CPA +EMeOH de M. cabucu
8. CPA + EMeOH de M. rubiginosa
9. CPA + EMeOH de M. stenostachya

Todos os animais tratados sofreram eutanasia 30 horas apds os tratamentos, por

deslocamento cervical.

2.5 Analise do material obtido da medula dssea

2.5.1 Teste do Micronticleo em Células da Medula Ossea de Camundongos
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A técnica utilizada para o estudo de microntcleos em células de medula dssea foi a
descrita por Schmid (1975). Apds a morte dos animais, os fémures foram retirados ¢ as epifises
distais cortadas. Com uma seringa contendo 1ml de soro bovino fetal (Gibco), a medula dssea
foi retirada e depositada num tubo de centrifuga contendo também ImL desse soro. O material
foi, entdo, homogeneizado com pipeta Pasteur e, em seguida, os tubos contendo as células da
medula déssea foram centrifugados a 800rpm por 10 minutos ¢ o sobrenadante descartado. O
pellet foi ressuspendido no restante do sobrenadante (cerca de 0,3 mL). Em laminas de vidro
limpas e secas, com o auxilio de laminula de vidro, foram realizados esfregacos com uma gota
de solugdo das células obtidas. As laminas foram fixadas 24 horas apds a realizacdo dos
esfregacos com metanol absoluto por 10 minutos. A coloragdo foi realizada 24 horas apos a
fixacdo das células, com Giemsa 5% diluido em tampao fosfato. As laminas secaram ao ar e,
entdo, foram armazenadas em geladeira até a analise citologica.

Foram analisados 2000 eritrdcitos policromaticos (PCEs) por animal para verificagao
da freqii€ncia de células micronucleadas nos diferentes tratamentos efetuados. A analise foi
realizada em microscépio binocular de luz comum (Nikon), com objetiva de 100x (imersao)
em teste cego, de acordo com os critérios utilizados para analise de microntcleos previamente

descritos por Titenko-Holland et al. (1997) e Huber et al. (1983).

2.5.2 Teste de Citotoxicidade

A determinacao da citotoxicidade dos compostos-testes na medula 6ssea foi feita por
meio da porcentagem de eritrocitos policromaticos (PCE) em relacdo ao total de eritrocitos
(PCE + NCE) onde NCE sao eritrocitos normocromaticos (RIBEIRO, 2003). As laminas

foram as mesmas utilizadas na analise do micronucleo em células da medula Ossea.

2.6 Porcentagem de Reducao de Danos
A porcentagem de reducdo de danos (diminuicdo da freqiiéncia média de células
micronucleadas) dos extratos que mostraram atividade anticlastogénica foi calculada de acordo

com Manoharan e Banerjee (1985) e Waters et al. (1990), usando a formula:

(%) Redugdo = freqiiéncia de MNPCEs em A — freqiiéncia de MNPCEsem B x 100
freqiiéncia de MNPCEs em A — freqiiéncia de MNPCEs em C

onde “A” ¢ o grupo de células tratadas com CPA (controle positivo); “B” ¢ o grupo de

células tratadas com os extratos associados a CPA e “C” o grupo controle negativo.
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2.7 Analise Estatistica
Para a analise estatistica dos resultados foi empregado o teste de analise de variancia
(ANOVA), seguido pelo teste de Tukey, no qual foram comparadas entre si as médias de

MNPCEs ¢ as relagoes PCE/NCE obtidas para cada grupo de tratamento.

3. Resultados

A Tabela 2 mostra as freqiiéncias de MNPCEs observadas na medula 6ssea dos animais
tratados com os extratos associados & CPA e também as relagdoes PCE/NCE obtidas em cada
grupo de tratamento, ambos resultados obtidos também para os grupos controle negativo (agua
destilada), controle positivo (CPA) e controle do solvente (Tween 8%).

- Tabela 2

Pode-se observar que a freqiiéncia de células micronucleadas diminuiu apenas para os
grupos tratados com extratos das espécies Miconia rubiginosa € Miconia stenostachya, sendo
as porcentagens de reducdo de danos calculadas de, respectivamente, 52,35 e 31,03% (Tabela
2).

Nao foi observada nenhuma diferenca estatisticamente significativa entre as relagoes
PCE/NCE obtidas em cada grupo de tratamento, mostrando que a associacao dos extratos com

a CPA nao induziu citotoxicidade (Tabela 2).

4. Discussao

Recentemente, apesar de varias drogas classicas derivadas de plantas terem perdido
muito espaco para os farmacos de origem sintética, outras tém aparecido e recebido atencdo
especial e prestigio terapéutico, evidenciando que farmacos derivados de plantas e
fitoterapicos tém o mesmo valor farmaco-econémico. Um indicio do renascimento de
farmacos derivados de fontes vegetais ¢ a grande quantidade e progresso da pesquisa clinica,
especialmente no campo dos agentes anticancerigenos, onde podem ser citados taxol,
podofilotoxina e camptotecina, bem como dos compostos antimalaricos, como por exemplo a
artemisinina (DE SMETT, 1997).

Ainda que exista uma ampla variedade de compostos ativos de origem natural que
possam ser futuramente relacionados como medicamentos, os desafios estdo centrados
principalmente em métodos farmacoldgicos apropriados e ensaios bioldgicos que possam

predizer uma certa eficacia clinica a substancia em estudo (HOSTETTMAN et al., 1997).

87



A elucidagdo dos componentes ativos presentes nas plantas, bem como seus
mecanismos de a¢do, vem sendo um dos maiores desafios para a quimica farmacéutica,
bioquimica e a farmacologia. As plantas contém inimeros constituintes e seus extratos, quando
testados, podem apresentar efeitos sinérgicos entre os diferentes principios ativos devido a
presenca de compostos de classes ou estruturas diferentes contribuindo para a mesma
atividade. No estudo da atividade bioldgica de extratos vegetais ¢ importante a selegdao de
bioensaios para a detec¢do do efeito especifico. Os sistemas de ensaio devem ser simples,
sensiveis e reproduziveis (GEBHARDT, 2000).

O teste do micronucleo, capaz de detectar quebras ou perdas cromossomicas, encontra-
se em grande destaque ha muito tempo, dada a sua utilizacdo em pesquisas de mutagénese ¢
por tratar-se de um método que apresenta, entre outras vantagens, o fato de ser relativamente
rapido e barato (SLESISKI; GUZZIE, 1988; ZALACAIN et al., 2005). O primeiro protocolo
para o teste do micronticleo em camundongos foi desenvolvido por Schmid (1975) usando
c¢lulas da medula 6ssea de roedores, onde os micronticleos sdo contados em eritrdcitos jovens,
pois permanecem no citoplasma apds a expulsdo dos nicleos e sdo facilmente reconheciveis
devido as suas formas arredondadas e coloragdo caracteristica.

No presente estudo, a ciclofosfamida, droga empregada no tratamento de uma série de
neoplasias, artrites reumatdides e também usada como imunossupressora em casos de
transplantes de orgdos, foi utilizada como controle-positivo. Em células somaticas, a
ciclofosfamida produz micronicleos em ratos, camundongos e hamsters chineses,
principalmente por quebras cromossdmicas (ANDERSON et al., 1995). A CPA associada aos
extratos de quatro plantas medicinais pertencentes ao género Miconia em camundongos ¢ a
observacao das células da medula 6ssea apds tratamento agudo indicaram que somente o0s
extratos de Miconia rubiginosa e Miconia stenostachya diminuiram a freqiiéncia de células
micronucleadas em relagdo ao controle positivo (CPA).

Efeitos protetores mais consistentes foram observados por nosso grupo em células do
sangue periférico de camundongos utilizando-se o teste do micronucleo, pois todos os quatro
extratos avaliados foram capazes de reduzir as freqiiéncias de células micronucleadas
produzidas pela CPA (trabalho submetido). De acordo com o relato do “The Collaborative
Study Group for the Micronucleus Test” (1992), ¢ dificil comparar precisamente as
freqiiéncias dos eritrécitos jovens da medula o6ssea e do sangue periférico, porque as
populagdes podem ser diferentes de acordo com o critério para a classificacdo de PCEs e RETs
(reticuldceitos). PCE jovem e NCE maduro sdo faceis de classificar, mas células em transigao

de um estado para o outro sdo um desafio para o observador (PARTON et al., 1996). Em
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RETs, ¢ menos provavel que ocorram problemas na analise porque a coloragdo por laranja de
acridina permite uma classificacdo menos subjetiva e mais precisa.

A andlise quimica dos extratos avaliados revelou, principalmente, a presenca de
flavonoides, taninos e outros compostos fenolicos e os dados disponiveis na literatura sobre as
atividades biologicas destes compostos auxiliam na compreensdo dos resultados obtidos.
Segundo Ribeiro; Seravalli (2004), os flavonoides compdem uma ampla classe de substancias
de origem natural, englobando uma classe importante de pigmentos naturais encontrados com
freqiiéncia na natureza, unicamente em vegetais. Entretanto, tais compostos possuem uma série
de propriedades farmacoldgicas que os fazem atuarem sobre os sistemas biologicos (LOPES et
al., 2003), por exemplo, como antioxidantes. A dieta mediterranea, rica em frutas frescas e
vegetais, tem sido associada com a baixa incidéncia de doengas cardiovasculares e cancer,
principalmente devido a elevada propor¢do de compostos bioativos como vitaminas,
flavondides e polifendis (BENAVENTE-GARCIA et al., 1999). Em recente revisio,
Neuhauser (2004), analisando mais de uma dezena de publicac¢des, encontrou diminui¢do no
risco de cancer de 40% a 58% entre as pessoas que mais ingeriam os alimentos que contém
flavonodides em comparagdao com as que menos ingeriam, apos periodos que variaram de 13 a
30 anos de seguimento.

Os taninos podem ser encontrados abundantemente em raizes, galhos, folhas, flores,
frutos e sementes das arvores. Ele constitui-se de carboidrato simples, goma hidroxicoloidais,
fendis e aminoacidos (MARTINEZ, 1996; DUTRA, 1997). Os taninos sao descritos na
literatura como compostos com atividades antimutagénica (DAUER et al., 2003), antioxidante
(HASLAM, 1996), antitumoral (SALEEM et al., 2002), dentre outras.

Os compostos quimicos isolados a partir dos extratos das quatro espécies avaliadas
foram caracterizados quimicamente, porém, apenas de forma qualitativa. Diferencas
quantitativas significativas entre os compostos poderiam justificar os efeitos protetores
apresentados somente pelos extratos de Miconia rubiginosa e Miconia stenostachya. Sendo
assim, sugere-se a realizagdo de estudos para quantificacdo dos compostos isolados que
possibilitem identificar quais os responsaveis pelos efeitos protetores observados. Esses
extratos poderdo ser promissores na busca por compostos adjuvantes aos tratamentos
quimioterdpicos, uma vez que poderiam atuar nas células sadias diminuindo os efeitos

adversos do tratamento do cancer.
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Tabela 1: Quantidade de massa obtida ap6s maceragdo das folhas das espécies estudadas

Espécies Planta seca (g) Extratos (% de rendimento)
CHCI; MeOH
M. albicans 500 3.1 15.0
M. cabucu 600 ne 3.3
M. rubigibnosa 500 ne 9.3
M. stenostachya 500 ne 14.6

ne: nao estudado.
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Tabela 2: Numero médio de MNPCEs em um total de 2000 células analisadas por animal por

tratamento para a avaliagdo dos efeitos protetores de diferentes extratos de plantas do género

Miconia.
RAZAO
TR&EKE)T)OS N MNPCEs X or ~ TCE/PCEANCE
Animais DP/animal X+ DP
Agua Destilada 10 34 34+1.27° 0,586 + 0,04
Tween 8% 10 27 2,7 +1,64° 0,662 + 0,06
CPA (40) 10 353 353+£591° 0,656 + 0,10
Tween 8% + CPA (40 10 338 33,8 +2,86" 0,641 + 0,07
Extratos (540)+ CPA (40)
M. albicans MeOH 10 348 34,8 +4,32° 0,642 + 0,07
M. albicans CHCl; 10 304 30,4 + 4,62° 0,603 £ 0,06
M. cabucu MeOH 10 344 34,4 +4,72° 0,598 £ 0,06
M. rubiginosa MeOH 10 186 18,6 = 1,96° 52,30 0,610+ 0,05
M. stenostachya MeOH 10 254 25,4 +3,53° 31,03 0,540 £ 0,03

X + DP: Média £+ Desvio padrio; PCE: eritrocito policromatico; NCE: eritrocito normocromatico;
MNPCE: eritrocito policromatico micronucleado; MeOH: extrato metandlico; CHCl;. Extrato
cloroférmico; Cyclophosphamide (CPA): positive control; %R: Porcentagem de redugdo de danos

* Valores seguidos pela mesma letra ndo diferem estatisticamente entre si



Ativagdo da Cs:
- 5,0 mL de MeOH
- 5.0 mL de H,O

|

% 20,0 mg do EMeOH solubilizado em H,O/MeOH 8:2

1* elui¢do: 5,0 mL de
H,0/MeOH 8:2

3* eluig@o: 5,0 mL de
MeOH 100%

2% elui¢do: 5,0 mL de
H,0/MeOH 1:1
Fr. 8:2 HOMeO Fr. 100%

Fr. 1:1

Figura 1: Etapas de preparacdo dos extratos para andlise por HPLC-UV-DAD (Rodrigues et
al., 2007).
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Abstract

Miconia is a genus occurring in tropical America and its extracts and isolated compounds
have demonstrated antibiotic, antitumoral, analgesic and antimalarial activities. The objective
of the present work was to assess the citotoxicity, mutagenicity and antimutagenicity of
Miconia methanolic extracts on Chinese hamster lung fibroblasts cell cultures (V79). The
three concentrations evaluated in the mutagenicity and antimutagenicity tests (5, 10 and 20
ug/mL) were chosen through clonogenic assay. The cultures were treated with different
concentrations of the extracts (mutagenicity test) or with the extract associated with
doxorubicin (DXR) at 1 pg/mL (antimutagenicity test) in three protocols: pre, simultaneous
and post treatment. Apart from these treatments, the cell cultures were also treated with
distillated water (negative-control) and DXR (positive-control). The data obtained in
micronucleus (MN) test showed a significant reduction in MN frequency in the cultures
treated with DXR and extracts in comparison with those that received only DXR, as well as
the absence of mutagenicity in all the treatments realized. This work reinforces the therapeutic
properties previously described to Miconia species and indicates the safe use of these extracts

in the concentrations utilized.

Keywords: Micronucleus test. Miconia. Mutagenicity. Antimutagenicity. Clonogenic assay.

1. Introduction

Plants have formed the basis of sophisticated traditional medicine systems that have
been in existence for thousands years and continue to provide mankind with new medicines
(Gurib-Fakim, 2006). Nearly two decades ago it was done an analysis of the data on
prescriptions dispensed from community pharmacies in the US from 1959 to 1980. This
analysis indicated that 25% of the prescriptions contained plant extracts or active principles
derived from higher plants and at least 119 chemical substances, derived from 90 plant
species, could be considered as important drugs in use in one or more countries (Farnsworth
et al., 1985).

Bioassay is a very crucial stage in assessing the pharmacological actions of plant
extracts and their ethnomedical uses. In the initial stages, in vitro testing has priority over in
vivo studies involving laboratory animal models. This decision is usually based on scientific,

economic and ethical grounds (Gurib-Fakim, 2006).
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The in vitro micronucleus assay is a mutagenicity test system used for the detection of
chemicals that induce the formation of small membrane-bound DNA fragments such as
micronuclei in the cytoplasm of interphase cells (Kirsch-Volders, 1997). This assay has the
potential to detect the activity of both, clastogenic and aneugenic chemicals (Parry and Sorrs,
1993).

According to OEDC (Organization for Economic Co-operation and Development)
guideline for the testing chemicals using in vitro micronucleus test (2004), at least three
analyzable test concentrations should be used and these concentrations should be chosen with
care using data from preliminary citotoxicity studies. In 1956, Puck and Marcus published a
seminal paper describing a cell culture technique for assessment of the clone or colony
forming ability of single mammalian cells plated in culture dishes with a suitable medium.
This clonogenic assay has been used in the ensuing decades and detect all cells that have
retained the capacity for producing a large number of progeny after treatments that can cause
cell reproductive death as a result of damage to chromosomes, apoptosis among others
(Brown and Attardi, 2005). Clonogenic assay have yielded information about differences in
sensitivity to chemotherapeutic agents among tumors and normal tissues and about
modification of treatment effectiveness by various conditions and modes of application
(Franken et al., 2006).

Miconia is a genus of approximately 1000 species occurring in tropical America and
belonging to the family Melastomataceae, which is pan tropical, with over 166 genera that
include about 4300 species (Renner, 1993). Miconia extracts and isolated compounds have
demonstrated antibiotic, antitumoral, analgesic and antimalarial activities (Hasrat, 1997;
Cunha et al., 2003). Due to the fact of many of these plants are used as medicine by people
living in the Savannah area, the aim of the present study was assess the mutagenic potential of
extracts from these four Miconia species and also the possible protective effects of them
against the damage induced on DNA by doxorubicin and to contribute with the knowledge of

the biological activities of these species.

2. Materials and methods

2.1 Cell line and culture conditions

Chinese hamster lung fibroblasts (V79) were kindly provided by Prof. Dr. Sakamoto-
Hojo (F.F.C.L. — Ribeirao Preto/USP). Cells were grown at 37° C in 10 mL DMEM/Ham-F-
10 (1:1) medium (Sigma) supplemented with 10% fetal calf serum (Gibco), antibiotics
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(penicillin 0.06 g/L and streptomycin 0.12 g/L — Sigma) and HEPES (2.38 g/L — Sigma) in 25
cm? culture flasks (Nunc) at 37° C in a B.O.D. incubator (Fanem).

2.2 Vegetal extracts

Aerials parts of Miconia cabucu Hoehne were collected in April of 2005 at Pariquera-
Agu, Sao Paulo State, Brazil. The plants were authenticated by Dr. Jorge Y. Tamashiro. A
voucher specimen (HUEC 1430) was deposited at the Herbarium of the Universidade
Estadual de Campinas (UNICAMP), SP, Brazil.

Miconia rubiginosa (Bonpl.) (voucher BOTU 25.376) and M. stenostachya Schrank &
Mart (voucher BOTU 25.377) were collected in March of 2005 at Palmeiras da Serra,
Pratania, Sao Paulo State, Brazil and authenticated by Luiz F.R. Almeida. Voucher specimens
were deposited at the Herbarium “Irina Delanova Gemtchujnicov” BOTU of the Instituto de
Biociéncias, UNESP, Botucatu, SP, Brazil.

Miconia albicans (Sw.) Steud were collected in March of 2005 in Universidade
Estadual Paulista (UNESP), campus of Bauru (Sdo Paulo, Brazil) and identified by Dra. Anne
L. Dokkedal. A voucher specimen is deposited in the Herbarium of Departamento de Biologia
of UNESP/Bauru under number ALD 145.

The aerial parts were dried (at 40 °C, for 4 days) and powdered. The powdered dried
material was macerated with 2 L of chloroform, methanol and 70% methanol, successively at
room temperature (3 times and for 48 hour for each solvent). The chemical constituents
present in the extracts of the species studied were identified according to the method of

Wagner et al. (1984).

2.3 Doxorubicin (DXR)

Chemotherapeutic DXR is an anthracycline type antibiotic and is highly effective
against a wide variety of cancers, as it is capable of generating breaks in DNA strands and
countless free radical species, promoting DNA adducts and blocking the replication of genetic
material (Quiles et al., 2002).

In the present study, the DXR (Adriblastina® RD — Pharmacia & Upjohn, Milan Italy,
(CAS no. 25316-40-9) was dissolved in distilled water in a final concentration of 1pug/mL of

culture medium and it was protected from light.
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2.4 Clonogenic assay

In the experiments of cell viability, the cell lineage was treated with the concentrations
of 5, 10, 20, 30, 40, 60, 80 and 100 pug/mL of the four vegetal extracts besides the positive
(DXR) and negative (distillated water) controls. The cultures were treated for two hours and
afterwards trypsinized and 300 cells were seeded per flask of cultivation (3 flasks per
concentration). The experiments were run 7 days, and the flasks were observed daily with a
microscope of inverted objective. The culture medium was then removed, the cellular
colonies were washed with cold PBS and stained with Giemsa (1:20 phosphate buffer, pH

7.0) during 10 minutes. The colonies were counted with the assistance of a magnifying glass.

2.5 Treatments

Three totally independent experiments were performed to determine the mutagenicity
and antimutagenicity of the different concentrations of four Miconia methanolic extracts.
Positive (DXR) and negative (distillated water) control groups were also included in the
analysis. All experiments were carried out (in triplicate) using V79 cells between the 3" and
8™ culture passage after thawing. For the experiments, 10° cells were seeded into tissue-
culture flasks, incubated for two cycles (24 h) in complete D-MEM/Ham-F-10 medium,
washed with PBS and then submitted to one of the following treatments in serum-free
medium: a) distillated water for 2 h (negative control); b) DXR for 2 h (positive control); c)
Miconia extracts (5; 10 and 20 mg/mL) (extract treatment) for 2 h; d) extract plus DXR for 2
h (simultaneous-treatment); ) Miconia extracts (5; 10 and 20 mg/mL) for 2 h before washing
the cells and adding DXR for 2 h (pre-treatment with extracts); f) DXR for 2 h before washing
the cells and adding Miconia extracts (5; 10 and 20 mg/mL) for 2 h (post-treatment with
extracts). All cell cultures were subjected to treatment with cytochalasin (3 pg/ml of culture
medium) for 15 hours before the harvest. Treatment “c” was the mutagenicity experiment and

treatments “d”, “¢” and “f” were the antimutagenicity experiments.

2.6 Micronucleus test

At the harvesting time, the cells were rinsed twice with 5 mL PBS, trypsinized and
centrifuged for 5 min at 900 rpm. The pellet was resuspended in ice-cold hypotonic solution
(1% sodium citrate), plus one drop of 10% formaldehyde, and then carefully homogenized
with a Pasteur pipette. This cell suspension was centrifuged under the same conditions and the

pellet resuspended in methanol/acetic acid 3:1, and again homogenized with a Pasteur pipette.

103



104

Fixed cells were then dropped onto previously cleaned slides and covered with a film of ice-
cold distilled water. They were stained in 5% Giemsa dissolved in phosphate buffer
(Na;HPO4 0.06 M and KH,PO4 0.06 M — pH 6.8) for 5 min, washed with water, dried and

kept at 4°C until the realization of microscope analysis.

2.7 Scoring procedures

One thousand binucleated cells with well preserved cytoplasm were scored for coded
slides in each experimental repetition using a Nikon microscope at 400x magnification,
which resulted in the analysis of 3000 cells per treatment. The criteria for the identification
of binucleated cells and micronuclei were as follows: (a) both the nuclei and micronuclei
should be round; (b) the micronuclei should be smaller than 1/3 of the main nuclei; (c) the
micronuclei must not touch the main nuclei; (d) the micronuclei must be the same color and
intensity as the main nuclei (Huber et al., 1983 and Titenko-Holland et al., 1997).

The Miconia methanolic extracts capacity of reducing damage caused by the DXR was
calculated according to Manoharan and Banerjee (1985) and Waters et al. (1990) using the
formula:

%R = A-Bx100

A-C
on which %R is the reduction percentage, 4 the MN frequency after treatment with DXR, B
the MN frequency after treatment with Miconia extract and DXR, and C is the MN frequency
after treatment with distillated water.

NDI was calculated according to the method of Eastmond and Tucker (1989). Score
500 viable cells to determine the frequency of cells with 1, 2, 3 or 4 nuclei, and calculate the
NDI using the formula:

NDI = (M + 2M; + 3M5 + 4M,)/N,
Where, M—M, represent the number of cells with 1-4 nuclei and N is the total number of

viable cells scored (excluding necrotic and apoptotic cells).

2.8 Statistical analysis

The means for the clonogenic assay were calculated from three independent
experiments. The ANOVA test (p<0.05) followed by the Dunett test were used to compare the
averages of each treatment with the negative control.

The mean micronucleated binucleated cells (MNBNCs) and their respective NDI were

calculated from three independent experiments for each treatment. The ANOVA (p<0.05) test



followed by the Tukey test were used for comparing the means with each other to assess the

mutagenicity and antimutagenicity effects of the extracts.

3. Results

3.1 Clonogenic assay

The clonogenic assay was used to obtain a dose-dependent cell survival curve of
when exposed to different concentrations of the methanolic extracts of different Miconia
species. Results from the ANOVA and the Dunett test, showed no significant differences
between the cultures treated with extracts of M. albicans, M. cabucu, M. rubiginosa and M.
stenostachya at the concentrations of 5, 10 and 20 pg/mL and the positive (DXR) and
negative (distilled water) controls. Therefore, these concentrations presented no cytotoxic
effect (p<0.05). In contrast, the cultures exposed to extract of M. albicans up the
concentration of 30 pg/mL, M. cabucu up the 40 pg/mL, M. albicans up to 40 ug/mL and M.
stenostachya up to 60 ug/mL did exhibit significant differences when compared to the
negative control (distilled water), presenting a toxic effect on the cells (p <0.05). Thus,
methanolic extracts of Miconia at the concentrations of 5, 10 and 20 pg/mL were chosen for
the mutagenic and antimutagenic evaluations (Figures 1, a-d).

- Figure 1

3.2 Micronucleus Test

The mean MN frequencies observed after using concentrations of 5, 10 and 20 pg/mL
of Miconia extracts in in vitro V79 cell cultures were statistically similar to those obtained in
the negative control group (distillated water); i.e., they presented no mutagenic effect (Table
1).

All concentrations of Miconia extracts in pretreatment, simultaneous and post-
treatment in relation to DXR presented antimutagenic effect, since the mean MN frequencies
were statistically different from those obtained in the positive control group (DXR) (Table
2).

The reduction percentages (%R) in micronucleus test after treatments with different
extracts of Miconia species were calculated and are presented in Table 2. The reduction of
micronucleated cells was more evident (77.2% to 94.1%) in post-treatment groups and less

expressive (56.0 % to 70.6%) for simultaneous treatment groups.
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3.3. NDI analysis
Tables 1 and 2 show the NDI for mutagenicity and antimutagenicity tests. Statistical
analysis did not show differences between treatment groups and their respective negative

control group.

- Tables 1 and 2

4. Discussion

Toxicity of medicinal plants may be related to the mixtures of active compounds that
they contain, their interactions with other herbs and drugs, contaminants or adulterants, or
their inherent toxicity. Plants have complex mixtures of terpenes, alkaloids, saponins and
other chemicals, increasing the risk of adverse reactions to any one of them or to the additive
or synergistic effects of chemical interactions (Carson and Riley, 1995). The main
constituents isolated from methanolic extracts of Miconia species evaluated in this study were
flavonoids, tannins and phenolic compounds.

In our study the clonogenic assay was performed to determine the cell survival curve
of the cultures treated with the four Miconia extracts evaluated (M. albicans, M. cabucu, M.
rubiginosa, M. stenostachya). These extracts showed different levels of cytotoxicity and, as
suggest by literature, the three lower doses not cytotoxic (5, 10 and 20 pg/mL) were chosen to
be tested in the evaluation of mutagenicity and antimutagenicity.

None of the concentrations tested for all extracts showed elevation in MNBNCs
compared to negative control. Therefore, the negative results obtained in the in vitro
mutagenicity evaluation of Miconia extracts suggest that the compounds present in Miconia
extracts do not cause chromosome damage and their interaction not result in mutagenicity.
The NDI is useful parameter for comparing the mitogenic response and cytostatic effects of
agents examined in the micronucleus assay (Fenech, 2000). In our study, this analysis also did
not show alterations between treatment and negative control group showing that the extracts
do not interfere in the kinetic of cell cycle.

The V79 cell line has been widely used to study the toxicity, mutagenicity and repair
caused by a wide variety of DNA damaging agents. It presents no active metabolizing system,
thus it is unable to activate and/or detoxify the mutagenic agent (Preston et al., 1981). Then,
when this cell type was used to evaluate the mutagenicity and antimutagenicity, the
compound utilized like positive control, i.e. doxorubicin, should be able to induce, among

others, direct damage on DNA.



Despite extensive and long-standing clinical utilization, the mechanisms responsible
for the antiproliferative and cytotoxic effects of the anthracycline antibiotic doxorubicin
(DXR) are still uncertain and have been the subject of considerable controversy (Gewirtz,
1999). Proposed mechanisms are: intercalation into DNA (Ferguson and Baguley, 1996;
Fornari et al.,, 1996); initiation of DNA damage via inhibition of topoisomerase II
(Ramachandran et al., 1993; Ferguson and Baguley, 1996); DNA binding and alkylation
(Cullinane et al., 1994); DNA cross-linking (Skladanowski and Konopa, 1994a,b);
interference with DNA unwinding or DNA strand separation and helicase activity (Tuteja et
al., 1997; Bachur et al., 1998); free radical formation (Sinha, 1989) with consequent DNA
damage and/or lipid peroxidation; direct membrane effects (Vichi and Tritton, 1992).

Miconia methanolic extracts associated with DXR led to a reduction in the mean
MNBNC:s frequency in the cultures treated with all concentrations of all assessed extracts in
the three protocols of treatment (pre, simultaneous and post treatment). In simultaneous
treatments, effective antimutagenic agents are capable of act preventing the DNA damage,
denominated desmutagenic properties. Such agents can also increase the fidelity of DNA
replication and activate certain repair enzymes, after the DNA damage, in this case they are
denominated bioantimutagenic (Kada et al., 1982; Kuroda et al., 1992).

The evaluation of the different protocols and the damage decrease percentages
observed suggest that Miconia extracts have both desmutagenic and bioantimutagenic
activity. According to the De Flora and Ferguson (2005), the reduction on the mean MNBNCs
may be, among other things, due to the ability of extract components of: (i) inhibit the uptake
of DXR; (ii) joining with DXR outside or inside the cells preventing its action on DNA; (iii)
increase the maintenance of DNA structure and modulation of DNA metabolism and repair.

The literature reveals that plants can contain a large diversity of natural antioxidants
that might serve as leads for the development of new drugs. The additive and synergistic
effects of phytochemicals in fruit and vegetables also have been proposed as being
responsible for their potent antioxidant and anticancer activities (Liu, 2004). Among the
compounds detected in the Miconia methanolic extracts are tannins, phenolic acids and
flavonoids that have been described as antimutagenic agents when assessed separately (Huang
et al., 1985; Wiseman et al., 1997; Belicova et al., 2001; Kaur et al., 2000). Their interactions
and possible synergistic effects may have facilitated the protective effects observed against
the damage induced by DXR.

Flavonoids are polyphenols and their antiradical properties are directed towards highly

reactive oxygen species (ROS) implicated in the initiation of lipid peroxidation; moreover,
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flavonoids are soluble chain-breaking inhibitors of the peroxidation process, scavenging
intermediate peroxyl and alkoxyl radicals and chelating metal ions which are of major
importance for the initiation of radical reactions (Jovanovic et al, 1998). Other mechanisms
include interference with the metabolite activation of promutagen, as blocking agents and
formation of adducts with ultimate mutagens, modulators of DNA repair and inhibitors of
tumor cell growth (Galati and O’Brien, 2004; Lee et al. 2003).

Tannins are one such class of compounds possessing protective properties (Huang et
al., 1985; Mukhtar et al., 1988; Shimoi et al., 1985). Wang et al. (2006) showed that tannins
isolated from Balanophora polyandra Griff. (Balanophoraceae) exhibited high activity of
scavenging of free radicals, an important mechanism involved in reducing the frequency of
mutations. Souza et al. (2007) also showed antiinflammatory and antiulcerogenic properties of
tannins from Myracrodruon urundeuva Allemao (Anacardiaceae) in rodents, partly due to its
antioxidant action.

Flavonoids and tannins may be responsible for the desmutagenic effect observed i.e.
through their free radical scavenging activity. However, it is necessary to note that efficacy
and mechanism of action of the extracts are not subject to variation when compared the four
extracts. The post treatment was more effective for four species, emphasizing the effect
bioantimutagenic of them increasing the maintenance of DNA structure and modulation of
DNA metabolism and repair. According Ferguson (1990), modulation of DNA repair process
can have profound effects on mutagenesis and related outcomes, at least in experimental
systems.

In a work previously realized by our group (Barcelos et al., 2007), methyl
methanesulfonate (MMS) was used as a damage-inducing agent in V79 cells and showed that
methanolic extract of cashew, also rich in phenolic compounds like Miconia extracts, reduced
the primary damage caused by MMS. These results are corroborated by our, using the same
cell type and DXR like damage inducer, and strengthen the antimutagenic power of these
compounds.

The presence of these many molecules in plants may be advantageous, as some of
them may counteract the toxicity of others, and as a result, the net effect may be beneficial for
therapeutic purposes (Venkatesh et al., 2007). The results obtained in this study indicate that
Miconia extracts can be useful in the development of therapies aiming prevention of damage
against DXR or other compounds that have the same mechanism of action. In a work
previously realized by our group (unpublished data) the same extracts reduced the MN

frequency in mice treated with cyclophosphamide, what encourages future studies with other
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concentrations and with isolated compounds to clearer understanding of the properties

attributed to Miconia genus.
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Figure 1: Percentage surviving fraction of colonies formed (Y axis) after treatment with
different concentrations of the methanolic extracts (X axis) from: (a) Miconia stenostachya,
(b) Miconia cabucu, (¢) Miconia albicans and (d) Miconia rubiginosa.

dw: distillated water; DXR: doxorubicin

* Means different from that obtained to negative control group (p<0,05)
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Table 1: Micronucleus (MN) frequencies and Nuclear Division Index (NDI) observed in V79
cells submitted to treatment with different concentrations of Miconia methanolic extracts and
its respective controls.

MN frequencies in 1000 binucleated cells and NDI in 500 total cells

MN frequency NDI
Mean + S.D. Mean + S.D.
Distillated water 3.67+1.53 1.900+£0.014
DXR (1) 26.33+4.04* 1.900+0.026
5 4.67+1.53 1.740£0.170
M. stenostachya (10) 5.00+£1.00 1.790+0.119
(20) 4.00+1.00 1.800+0.162
Distillated water 2.67£1.53 1.601+0.027
DXR (01) 25.00+2.00° 1.589+0.023
5 3.33+0.58 1.613+0.007
M. rubiginosa (10) 4.00+1.00 1.596+0.014
(20) 2.67£1.53 1.591+0.020
Distillated water 2.67£0.58 1.584+0.026
DXR (01) 27.67+£1.15* 1.588+0.042
Q) 2.00+1.00 1.597+0.040
M. albicans 10) 2.67+1.53 1.589+0.012
20) 1.67+1.15 1.619+0.017
Distillated water 2.67+£0.58 1.607+0.030
DXR (01) 28.33+1.15% 1.617+0.018
Q) 2.67+£0.58 1.617+0.024
M. cabucu (10) 3.00+£1.00 1.609+0.047
(20) 2.67£1.53 1.604+0.024

SD = Standard deviation; Distillated water: negative control; Doxorubicin (DXR): positive control
*Means statistically different of the others (p<0.05).
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5 CONSIDERACOES FINAIS

A partir dos resultados obtidos com o ensaio cometa ¢ o teste do micronucleo em
sistema-teste in vivo realizados com os extratos de quatro espécies de plantas do género

Miconia pode-se concluir que:

1) Todos os extratos avaliados apresentaram genotoxicidade nas trés concentracdes
utilizadas e esta pode ser considerada moderada, uma vez que predominaram nesses grupos

experimentais, cometas de classe 1.

2) As lesodes detectadas no ensaio cometa podem ter sido passiveis de reparo, pois os
extratos de Miconia nao se apresentaram mutagénicos em nenhuma das concentragdes
avaliadas no teste do micronucleo, tanto em células da medula 6ssea quanto do sangue

periférico dos camundongos.

3) Todos os extratos apresentaram resultados semelhantes quanto a prote¢dao das
células do sangue periférico em ambos sistemas teste empregados, exibindo diminui¢do na
freqliéncia de danos no ensaio cometa e na freqiiéncia de células micronucleadas no teste do

micronucleo.

4) Em células da medula 6ssea somente os extratos de Miconia stenostachya e

Miconia rubiginosa foram capazes de reduzir as freqiiéncias de células micronucleadas.

A partir dos resultados obtidos em cultura de fibroblastos de hamster Chinés (células

V79) com os extratos das quatro espécies de plantas do género Miconia pode-se concluir que:

5) No ensaio clonogénico foram observadas diferencas na citotoxicidade dos extratos,
sendo a espécie M. albicans a que apresentou citoxicidade em menor concentragdo (30

mg/ml) e a espécie M. stenostachya em maior concentracao (60 mg/ml).
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6) O teste do micronucleo nas células V79 para as quatro espécies de Miconia mostrou
que nenhuma das trés concentragdes avaliadas foram mutagénicas e todas foram capazes de

reduzir a freqiiéncia de células micronucleadas em relagdo ao grupo controle positivo (DXR).

Os resultados obtidos na avaliacdo da mutagenicidade dos extratos de Indigofera

truxillensis e Guapira noxia em células da medula 6ssea de camundongos mostraram que:

7) Nenhuma das concentragdes avaliadas para os extratos das duas espécies apresentou

citotoxicidade.

8) Somente as maiores concentracdes dos extratos de Guapira noxia foram

mutagénicas.

A genotoxicidade observada para todos os extratos de Miconia refor¢a a importancia
de estudos toxicoldgicos mais amplos com essas plantas antes de sua recomendacdo para o
uso como fitoterapicos. Além disso, sdo necessarios também estudos de mutagenicidade de
longa duragdo, uma vez que nos tratamentos medicinais humanos geralmente sdo utilizadas

doses repetidas, por periodos prolongados.

De todos os extratos avaliados neste estudo o tnico a apresentar mutagenicidade foi o
de Guapira noxia, nas maiores concentracoes avaliadas. Tal atividade parece ser devida a

presenca de saponinas nos extratos dessa espécie.

Os efeitos protetores observados neste trabalho incentivam a busca por efeitos
bioldgicos dos compostos isolados que, testados separadamente, podem comprovar ou ndo o
efeito aditivo e o sinergismo propostos no presente trabalho como sendo os responsaveis pela

protecao observada.

Todas as espécies avaliadas neste estudo apresentam indica¢des populares para o
tratamento de uma série de doengas, a maior parte delas relacionada as disfun¢des no trato
gastrointestinal. Assim, tornam-se relevantes os estudos com essas espécies utilizadas na
medicina popular. A busca de atividades bioldgicas dessas e de outras espécies de vegetais

tem sido realizada em estudos paralelos a este dentro do projeto Biota-FAPESP.
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