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Avaliacdo datoxicidade aguda e toxicogenética do extrato aquoso de caules

de Aristolochia ridicula
RESUMO

O uso de plantas medicinais € reconhecido desde a antiguidade e tem ganhado destaque no
cenario mundial, tendo seu uso incentivado pela Organizacdo Mundial de Saude (OMS). A
Aristolochia ridicula pertencente a familia Aristolochiaceae e a ordem Piperales que é
constituida por aproximadamente 600 espécies. A maioria das espécies do género Aristolochia
ocorrem em borda de matas brasileiras e sdo conhecidas popularmente por “cipo-de-mil
homens”, “patinho”,“jarrinha”, “erva-de-urubu” entre outros. O uso da planta esta associado a
sua composicdo quimica e possiveis propriedades terapéuticas como antidiarreicas,
antiespasmoticas, ligadas ao tratamento de cancer, emagrecimento e inflamacGes. Apesar das
propriedades da planta, ndo existem registros no Brasil de estudos que validem seu uso seguro.
Os estudos de toxicidade e genotoxicidade sdo necessarios para avaliar os possiveis efeitos
adversos, garantindo a seguranca para ouso de uma planta medicinal. O objetivo da pesquisa
foi avaliar a toxicidade aguda, potencial genotdxico e mutagénico do extrato aquoso dos caules
de Aristolochia ridicula. Para o teste de toxicidade aguda, dez ratos Wistar (n= 10) sendo cinco
machos ecinco fémeas, foram tratados via oral com dose Unica de 2000 mg/kg de peso do extrato
aquoso, sendo observadas e avaliadas de acordo com o screening hipocratico durante 14 dias.
No 15° dia os animais foram submetidos a eutanasia e realizada coleta dos drgdos vitais para
analise macroscopica. Além dos ensaios de genotoxicidade, onde 10 ratos de ambos 0s sexos
(n= 10; cinco de cada sexo) foram tratados com a dose 2000mg/kg do extrato. O potencial
genotdxico foi avaliado de acordo com o teste do microndcleo e o ensaio de cometa. Anélise
estatistica feita através dos testes ANOVA ,seguido do pos teste de Tukey com p<0,05. O extrato
aquoso dos caules de A. ridicula ndo é toxico na dose de 2000mg/kg e ndo apresenta efeitos

genotdxicos e mutagénicos nas condicdes experimentais analisadas.

Palavras-chave: DL50, ensaio cometa, ensaio do micronicleo, toxidade aguda, Aristolochia.



Evaluation of acute toxicity,and toxicogenetics of the aqueous extractof

stems of Aristolochia ridicula
ABSTRACT

The use of medicinal plants has been recognized since ancient times and is currently gaining
prominence on the world stage. Its use is encouraged by the World Health Organization (WHO).
Avristolochia ridicula belongs to the Aristolochiaceae family and the Piperales order, which
consists of approximately 600 species. Most of the species in the Aristolochia group occur on
the edge of Brazilian forests. They are popularly known as “cip6-de-thousand-men”, “patinho”,
“jarrinha” or “erva-de-urubu” among others. The use of the plant is associated with its chemical
composition and possible therapeutic properties, such as antidiarrheal and antispasmodic,
linked to cancer treatment, weight loss, and inflammation. Despite the plant's properties, no
records of studies in Brazil validate its safe use. Toxicity and genotoxicity studies are necessary
to evaluate possible adverse effects and ensure the safety of using a medicinal plant. The
research aimed to evaluate the acute toxicity, genotoxic, and mutagenic potential of the aqueous
extract of Aristolochia ridicula stems. For the acute toxicity test, ten Wistar rats (n= 10), five
males and five females, were treated orally with a single dose of 2000 mg/kg of weight of the
aqueous extract, being observed and evaluated according to Hippocratic screening. for 14 days.
On the 15th day, the animals were euthanized, and vital organs were collected for macroscopic
analysis. In addition to the genotoxicity tests, 10 rats of both sexes (n= 10; five of each sex)
were treated with a dose of 2000mg/kg of the extract. The genotoxic potential was evaluated
using the micronucleus test and the comet assay. Statistical analysis was carried out using
ANOVA Tukey tests with p<0.05. The aqueous extract of A. ridicula stems is not toxic at a
dose of 2000 mg/kg and does not present genotoxic and mutagenic effects under the

experimental conditions demonstrated.

Keywords: Assay micronucleus, comet assay, acute toxicity, Aristolochia ridicula.
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1. INTRODUCAO

A utilizagdo de plantas com fins medicinais € uma prética conhecida desde a antiguidade
e que tem ganhado cada vez mais interesse e reconhecimento, a medida que as pessoas
procuram formas mais naturais e alternativas de cuidados de saude. Essa tendéncia reflete a
busca por abordagens de prevencdo de doengas e promoc¢édo da saude, aléem da valorizacdo da
cultura de grupos e comunidades, pois ao longo da histdria, 0 uso de plantas medicinais se
relaciona com praticas e tradicdes culturais (Maciel et al., 2002; Kar et al., 2022). Além disso,
produtos com fins terapéuticos provenientes de plantas tém sido vistos como uma é&rea
promissora da ciéncia farmacéutica (Castro e Albiero 2016; Alves 2013).

A Organizacdo Mundial da Saude (OMS) define como planta medicinal “todo e
qualguer vegetal que possui em um ou mais 6rgdos, substancias que podem ser utilizadas com
fins terapéuticos ou que sejam precursores de farmacos “semissintéticos” (OMS, 2006).

Nesse sentido, as plantas medicinais tornam-se uma alternativa para o tratamento de
diversos problemas de salde, uma vez que cresce a busca por alternativas naturais aos
tratamentos convencionais, que podem ser utilizadas em forma de infusos, extratos, 6leos,
xaropes, entre outros (Heinrich et al., 2009).

O Brasil é conhecido e reconhecido por sua extraordinaria biodiversidade vegetal, sendo
considerado um dos paises mais ricos em variedade de especies de plantas. Essa riqueza
biolégica fornece uma enorme gama de substancias biologicamente ativas que possuem
potencial para aplicagdes farmacoldgicas e terapéuticas (Castro e Figueiredo, 2020). Por
consequéncia, o uso de plantas medicinais tem ganhado reconhecimento no campo da medicina
baseada em evidéncias, com estudos cientificos que visam validar o uso, explorar seus
mecanismos de acdo e viabilizar o uso como medicamentos fitoterapicos em detrimento dos
medicamentos convencionais, considerando a sua ampla aplicabilidade terapéutica e facil
acesso a populacao (Silva et al., 2021).

Grande parte da populacdo faz uso de plantas medicinais de maneira empiricae aleatoria,
ou seja, baseado no conhecimento local transferido pela propria comunidade. A préatica decorre
dediversos fatores como o facil acesso, baixo custo e crencas que sdo repassadas entre geragoes.
Portanto, torna-se relevante o estudo dos compostos bioativos de plantas medicinais
consumidas no Brasil, seus efeitos farmacoldgicos e possivel toxicidade (Maciel, 2002;
Oliveira e Gongalves, 2006).

A Aristolochia ridicula, é uma planta que pertencente a familia Aristolochiaceae e a
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ordem Piperales que € constituida por aproximadamente 600 espécies, dispersas nas zonas
temperadas e predominantemente nos trépicos. A maioria das espécies do grupo Aristolochia
ocorrem em borda de matas brasileiras e sdo conhecidas popularmente por “cip6-de-mil
homens”, “cip6 milomem”, “patinho”, “papo -de-Peru", "jarrinha”, “erva-de-urubu” entre
outros (Sibbr, 2021).

O uso terapéutico de varias espécies desta familia incluindo a Aristolochia ridicula
atribui-se a sua composicdo quimica caracteristica, com presenca de compostos fenolicos,
flavonoides, bi flavonas, chalconaflavonas e tetra flavonoides que sdo encontrados na planta
(Machado; Lopes, 2008; Salomé, et al 2020; Navickiene; Lopes, 2001;). Espéciesdo génerotemse
destacado por apresentarem propriedades bioldgicas ligadas ao tratamento de cancer (Heinrich et
al., 2009); atividades farmacoldgicas antibacterianas (Alviano et al., 2008; Ledn-Diaz et al.,
2010); inseticida, antidiarreica, digestiva e tratamento de picada de cobras (Frei et al, 1985;
Rodriguéz, 2010); anti- inflamatérias, antirreumaticas e antiespasmédico (Messiano et al.,
2008), além de serem utilizadas no tratamento de inflamagdes pulmonares e em terapias de
emagrecimento (Oliveira & Gongalves, 2019).

Machado e Lopes (2008) em estudos quimicos experimentais com folhas de A.
Ridicula, encontraram trés novos flavonoides, sendo uma bi flavona, uma nova chalconaflavona
e tetra flavonoide, um grande grupo de metabolitos pertencente a familia dos flavonoides, estes
considerados compostos raros.

Uma vez que a ocorréncia desse composto € atipico, torna esta planta ainda mais
promissora no @mbito da ciéncia farmacolédgica. No entanto, estudos pregressos mostram que a
mesma pode apresentar acdes de citotoxidade, ligadas principalmente ao acido aristoloquico,
descrito em plantas do género e, responsavel por apresentar inducdo de nefropatia e cancer em
humanos (Kang et al., 2021; Han et al., 2019).

O uso de Aristolochia ridicula, no Brasil com fins medicinais é referido principalmente
nos estados Rio Grande do Sul, Parana, Santa Catarina e Mato Grosso do Sul, onde s&o

utilizados como aromatizante de chimarrdo e para fins terapéuticos (Epagri, 2011;

Nascimento et al., 2010). Entretanto, ainda carecem estudos a seu respeito, tanto de
toxicidade clinica quanto de genética toxicoldgica, que possam validar o uso seguro da mesma.

Desta forma, o objetivo da pesquisa foi avaliar a toxicidade aguda, potencial

toxicogenético do extrato aquoso dos caules de Aristolochia ridicula em ratos Wistar.



13

2. REVISAODE LITERATURA

2.1 Plantas Medicinais

O uso de plantas medicinais acompanha a histéria da humanidade, como estratégia
terapéutica para cura, tratamento e prevengdo de doencas e a biodiversidade vegetal segue
exercendo importancia e influéncia no ambito da satde (Almeida,2011; Samanta et al., 2014).
Segundo a Organizagdo Mundial da Satde (OMS), cerca de 80% da populagdo mundial faz uso
de plantas medicinais a fim de sanar problemas de salde, seja como recurso primario ou
secundério (OMS, 1998).

No Brasil, 0 uso de plantas medicinais como alternativa terapéutica reflete a influéncia
dos fatores econémicos, culturais e em alguns locais, representa o Unico recurso terapéutico
para determinados grupos e comunidades (Santos, 2000). Por consequéncia, algumas pessoas
tém ideia equivocada sobre o assunto, acreditando que” se € natural, ndo faz mal”, o que muitas
vezes ndo é verdadeiro (Argenta et al., 2011; Mauad , 2016). Desse modo, a populacdo que faz
0 uso de plantas medicinais adquirem suas informac6es de eficacia com base no conhecimento
popular. Entretanto, apenas 0 uso e o conhecimento popular ndo sdo suficientes para validar o
consumo seguro e a eficacia de determinada planta, sendo fundamental que as evidéncias
cientificas comprovem tais beneficios e riscos a saide (OMS 1978; Maciel et al., 2002).

Segundo Agéncia Nacional de Vigilancia Sanitaria (ANVISA), planta medicinal pode
ser definida como toda e qualquer espécie de origem vegetal, seja esta cultivada ou néo,
utilizada para fins terapéuticos (Brasil, 2014). Ainda, segundo a ANVISA esse consumo pode
ser feito de maneira tradicional ou através do uso fitoterapico, que conforme a RDC n° 26
(13/05/2014) se da por meio de matérias primas ativas de vegetais, exceto as substancias ativas
isoladas, com finalidade curativa, profilatica ou paliativa, incluindo os medicamentos
fitoterapicos, sendo eles simples ou compostos (Brasil,2014).

A pesquisa etnofarmacoldgica é relativamente recente no ambito da ciéncia, envolvendo
plantas medicinais. Bruhn & Holmstedt em 1981 descreveram o termo etnofarmacologia, como
“Conhecimento multidisciplinar de agentes biologicamente ativos, observados e estudados pelo
homem”. Ou seja, envolvendo a relagao aos agentes farmacologicamente ativos com a cultura
e histéria com informacdes coletadas dentro de uma determinada populacdo. A partir disso, as
informacdes demandadas de estudos etnofarmacoldgicos podem servir como ponto de partida

para o delineamento experimental de plantas que possam desempenhar potencial farmacolégico
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(Almeida et al., 2020). Portanto, para um medicamento ser considerado fitoterapico, 0 mesmo
deve ser obtido por meio de matérias-primas ativas de vegetais ou plantas medicinais e sao
liberados para consumo a partir do conhecimento pleno de sua eficacia e riscos, incluindo
estudos etnofarmacoldgicos, ensaios clinicos técnico-cientificos entre outras exigéncias
regulatdrias (Brasil, 2008; Carneiro et al., 2014; Maciel et al., 2002).

O Brasil dispde de ampla biodiversidade vegetal com potencial farmacologico, e
avancos nas pesquisas cientificas , bem como nas préticas integrativas devem ser encorajadas a
fim de apoiar terapéuticas seguras a populacdo (Demartelaere et al.,2022). Em vista disso, 0
Ministério da Saude do Brasil reconhece o uso de plantas medicinais, implementando como
parte da Politica Nacional de Praticas Integrativas e Complementares (P1Cs) no Sistema Unico
de Saude (SUS). Tais agdes visam integrar as terapias tradicionais e complementares a
medicina convencional (Brasil,2006; Lima et al., 2014; Santos, 2011). Em vista disso, desde
2019 estd em vigor a 62 edicdo da farmacopeia brasileira, que dispde sobre a utilizacdo de
plantas medicinais, e informacdes sobre o controle de qualidade, além de contribuir com apoio
técnico para a elaboracdo e producao de novos medicamentos (Brasil,2019).

Portanto, para que uma planta medicinal seja considerada segura ou para fins de
producdo de medicamentos fitoterapicos, diversos pontos que devem ser considerados,
desde as escolhas embasadas no saber popular aos estudos etnofarmacoldgicos, além de estudos
de toxicidade (ANVISA, 2010; Colet et al ., 2015; Pedroso et al., 2021).

2.2 Familia Aristolochiaceae e o0 género Aristolochia

O grupo Aristolochiaceae é uma familia de plantas angiospermas. Esta familia é
conhecida pelo nome comum de Aristolochia e inclui diversas espécies de plantas que podem
ser encontradas em varias partes do mundo, principalmente em climas tropicais e subtropicais,
incluindo o Brasil (Epagri, 2011; Nascimento et al., 2010).

Sdo consideradas ervas perenes, trepadeiras, arbustos ou pequenas arvores. Elas podem
ser reconhecidas por suas flores peculiares, que muitas vezes tém uma forma tubularou em
formadefunil. As folhas podem seralternas ou opostas e variam em forma e tamanho.Séo plantas
conhecidas popularmente como jarrinha, aristoloquia, papo-de- -peru, cassau, cipd mil-homens
ou cipé-milome, serpentaria, patito, cip0-mata-cobra, angelicd entre outros (Nascimento et al.,
2010; Rodriguez, 2010).
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O género Aristolochia esta representado na flora brasileira por cerca de 100 espécies
distintas (Berjano et al., 2009), dentre as mais de 500 espécies que sdo encontradas em varias
partes do mundo, principalmente em regides tropicais e subtropicais (Freitas, et al., 2020;
Fernandes et al., 2022).

As flores de muitas espécies de Aristolochia exalam cheiros caracteristicos e
desagradavel, que se assemelham a carne em putrefacdo. Outras possuem aromas mais
agradaveis que remetem o aroma de limdo ou citronela (Erbar et al., 2017; Hipdlito et al.,
2012).A importancia das espécies do género no Brasil esta relacionada, principalmente, ao uso
medicinal e ornamental (Fernandes et al., 2021). Dentre as espécies utilizadas como medicinal
no pais, se destacam: Aristolochia arcuata, A. cymbifera, A. esperanzae, A. gigantea, A.
triangularis, A. labiata, A brasiliensis A. gilbertti, e A. ridicula (Freitas et al ., 2020;
Neto;Gomes, 2018; Nogueira et al., 2013).

A quantidade e variedade de compostos obtidos a partir dos estudos fitoquimicos
direcionados as espécies de Aristolochia contribui tanto para compreensdo do género, como
para novos achados farmacologicos (Mueller etal ., 2022). Neste sentido, estudos mais precisos
sdo relevantes, uma vez que os achados na literatura sao insuficientes principalmente sobre a

composi¢do e comportamento de grande parte das espécies consumidas no Brasil, incluindo a
A. ridicula (Soares et al., 2022).

2.2.1 Espécie Aristolochia ridicula

A Aristolochia ridicula pertence ao género Aristolochia, sendo uma planta de
caracteristica trepadeira, perene, que produz flores peculiares e distintas. Suas flores tém uma
formatubular alongada e s&o frequentemente chamadas de "flores- pipe" ou "flores- cachimbo™
devido a sua semelhanga com um cachimbo ou uma urna. As flores geralmente tém uma
coloracdo marrom ou roxa e sao adornadas com padrdes intrincados, com caule decasca grossa,
estriado e rugoso e as folhas em formato que se assemelham a forma de coragéo (Sibbr,2021).

Nativa de algumas regibes da America do Sul, incluindo o Brasil, além de paises
vizinhos. Pode ser encontrada em areas de floresta tropical e muitas vezes crescendo como uma
planta trepadeira em arvores ou arbustos, bordas de matas e estradas (Lorenzi e Matos, 2002).
Nas ultimas décadas, tem sido crescente os estudos que visam entender os mecanismos de a¢do
de compostos tdxicos presentes nas espécies de Aristolochia, incluindo A. ridicula
(Fernandes,2021; Lopes et al., 2001). Estudos experimentais mostraram uma composicao rara

presente nos caules e folhas de A. ridicula (Machado, 2008) apontando-a como fonte de
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antioxidantes e compostos fenolicos. Contudo embora a planta apresente compostos bioativos,
a mesma pode ter efeitos toxicos, citotoxicos, genotdxicos e mutagénicos causados pela
utilizacdo de forma indiscriminada, sem uma pratica segura e fundamentada (Moura et
al.,2020).

Considerando a escassez de estudos na literatura envolvendo a espécie A. ridicula, e
diante dos possiveis efeitos relacionados a mesma, torna essa planta uma forte candidata a

novos estudos, principalmente quanto sua atividade bioldgica e possivel toxicidade.

1— Vis&o geral da Aristolochia ridicula.

Fonte: Arquivo pessoal Claudio Nogueira; (Horto UFGD).

2.2.2 Composic¢ao Quimica

Com relacdo aos compostos bioativos de plantas do genero 18 espécies de Aristolochia ja
foram identificadas quanto a sua composi¢do quimica (Kuo et al., 2012). Dentre 0os compostos
encontrados estdo um grande numero de metabdlitos secundarios, incluindo mais de 16 grupos
quimicos como: os acidos aristoloquios e seus derivados, alcaloides, cumarinas, flavonoides,
esteroides, acidos aristoléquicos, quinolinas, terpenoides, lignanas e flavonoides (Carneiro et
al., 2000; Kuo et al., 2012 Machado,2008; Paulert et al., 2017; Wu et al., 2005). Em estudo
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recente, Mueller et., al (2022) citaram 16 atividades bioldgicas ativas em plantas do mesmo
género. Os principais achados envolvendo Aristolochia revelam a presenca de compostos
antioxidantes, incluindo alguns compostos raros como € o caso da A. ridicula.

Embora esses compostos demonstrem bioatividade, o acido aristoloquio (AA) € um
composto aromatico contendo nitrogénio, basicamente insolivel em agua, levemente acido,que
ndo pertence a classe dos alcaloides nem dos glicosideos, e esta presente na maioria das espécies
de Aristolochia (Frei et al., 1985; Han 2019; Wu et al ., 2005.a). Os AA de forma geral, tem
caracteristicas negativas, principalmente por causarem nefrotoxicidade e mutagenicidade e
serem considerados cancerigenos (Chen et al., 2007; Kohara et al., 2002). Entretanto, a
literatura relata que dependendo do modo de extragdo e preparo da solugdo pode haver maior
ou menor concentracdes de AA (Chen, 2007;Wiebrecht, 2011; Wu et al., 2005.b). Além disso,
ha confronto na literatura sobre os efeitos dos AA em humanos, carecendo maiores estudos
sobre o tema (Zhou et al. 2019). A relacdo dose-resposta ainda ndo esta totalmente elucidada
na literatura no que se diz respeito ao AA, seja pela dose maxima a ser considerada téxica, ou
parte da planta que € utilizada. Além disso, o tempo de consumo seja numa fracao de dose alta
e Unica ou dose baixa repetidamente, podem levar a reagdes toxicas diferentes (Faria et al.,
2021)

2.2.3 Compostos Antioxidantes

Para haver homeostase no organismo é necessario que haja processos oxidativos, a fim
de manter a funcdo do metabolismo celular e oxidagdo de compostos organicos (Comhair;
Erzurum, 2002). Esse processo por vez, geram espécies reativas de oxigénio (ERO) e de
nitrogénio (ERN) presente em diversas condic@es fisioldgicas, que quando sao produzidas em
excesso afetam a regulagéo celular (Vasconcelos et al., 2007; Pisoschi et al., 2016). Por outro
lado, o organismo humano dispde de um sistema antioxidante eficiente, controlando e
estabelecendo o equilibrio causado pela producgdo de radicais livres (Arnoso et al., 2019).

Os compostos fenolicos fazem parte de um grupo de antioxidantes que a partir de uma
molécula simples de fenol, gera substancias diferentes de graus e de utilidades biol6gicas
(PISOSCHI et al., 2016). Além disso, a concentracdo desses compostos pode ser influenciada
por diversos fatores, incluindo espécie vegetal, estacdo do ano, condigdes de cultivo, de solo,
armazenamento, entre outros (Abe et al.,2007; Gobbo-Neto;Lopes 2007). Desempenham dentre
as suas caracteristicas biologicas, atividade antimicrobiana, anti-inflamatorioa e antioxidante
(Soares, 2002).
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Por sua vez, os flavonoides englobam um grupo de compostos fenolicos presente nas
frutas e nos vegetais, sob diversas variagdes, como flavonois, isoflavonas, chalconas,flavonas,
flavononas, catequinas e antocianinas, capazes de desempenhar ligacdo entre as suas
propriedades sequestradoras e quelantes de radicais livres, podendo agir na formacao do radical
livre em si (Silva et.,al 2010). Estudos sugerem que 0s 0s antioxidantes naturais atuam como
principais fontes ligadas a propriedades antimutagénicas, inferindo na prevengéo de espécies
reativas de oxigénio (ERO) antes que a interacdo substancia/DNA causem uma mutacdo
(Dantas, 2019; Stoczynska et al., 2014).

Machado (2005), em seus estudos sobre aristolochias, confirmou a presenca desses
compostos em extratos do caule de Aristolochia ridicula, entre eles: quatro biflavonas e quatro
chalconas-flavonas, além de bi e tetra flavonoides, flavonois, diidroflavonois e isoflavonois,
presente na espécie. J& Lopes et al., (2001) consideraram rica em antioxidantes e compostos

bioativos.

2.3 Ensaios Pré Clinicos
2.3.1 Estudos de Toxicidade

A toxicidade pode ser definida como a capacidade de uma substancia, em determinada
condicdo, causar algum tipo de dano sobre o organismo, devido as suas propriedades quimicas
e a sua concentracdo (Silva, 2021; Fonseca et al., 2008). Produtos de origem natural tem
ganhado espaco dentro da industria farmacéutica, junto as técnicas relativas a pesquisa de
moléculas analogas aquelas presentes em produtos naturais ou derivadas de compostos
quimicos, foco central em pesquisas na medicina moderna (Viegas et al., 2006). No entanto,
h& evidéncias quanto ao perfil toxico de plantas medicinais no organismo (Dirir et al.,2017;
Campos et al., 2016). Neste sentido, os ensaios de toxicidade tem como finalidade determinar
dos efeitos adversos induzidos pela interacdo entre substancias quimicas e sistemas bioldgicos
(Abudayyak et al., 2015; Moura et al., 2012).

Ensaios de toxicidade pré-clinica sdo necessarios para identificar uma dose inicial
segura para estudos posteriores. Além de permitir maior embasamento cientifico diante dos
possiveis efeitos colaterais sob doses altas de determinada substancia teste (Moura et al.,2012;
Brasil, 2013).

Os ensaios toxicolégicos podem ser in vitro ou in vivo, ainda podendo ser classificado

com agudo, subagudo, subcrénico e crénico, onde se diferem sob o tempo em que sdo expostos
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a substancia teste e seu potencial toxico (Denny;Stewart, 2013).

O “Guia para a conducdo de estudos ndo clinicos de toxicologia e seguranca
farmacoldgica necessarios ao desenvolvimento de medicamentos”, publicado pela Agéncia
Nacional de Vigilancia Sanitaria - ANVISA (2013), dispde as normativas para realizacdode
estudos de toxicidade aguda, subaguda, genotoxicidade, carcinogenicidade e tolerancia local,
assim como ensaios inerentes a toxicocinética. No Brasil, a ANVISA é quem regulamenta
as normas regulatorias juuntamente com demais 6rgdos reguladores, como a Organizacao
Mundial de Saude (OMS) que dispem de protocolos de analise toxicoldgica, seguindo as
diretrizes da Organization for Economic Co-operation and Development (Oecd, 2008), que
detalha os protocolos mais utilizados na literatura, que sdo os de toxicidade aguda, subaguda e
os estudos de genotoxicidade. Tais protocolos sdo fundamentais para estudos envolvendo
plantas medicinais (Hasenclever et al., 2017). Neste sentido, os ensaios de toxicidade
compreendem testes com exposi¢cdes a doses de substéncias. E, por meio deles, torna-se
possivel constatar Orgdos alvos, efeitos fisioldgicos, bioquimicos, hematoldgicos,
histopatoldgicos e anatémicos, bem como, informacdes a respeito da dose de efeito ndo
observado (NOEL) e dose de efeito adverso ndo observado (NOAEL) (ANVISA 2013).

2.3.1.1 Toxicidade Aguda

A toxicidade aguda é um teste preliminar na area de toxicologia clinica reconhecido por
conseguir avaliar substancias destinadas ao consumo humano. Esse teste vem sendo cadavez
mais utilizado na comparacéo e classificacdo da toxicidade de substancias, além de ser um pre-
requisito definido por agéncias regulatorias tais como a Food and Drug Administration (FDA)
e a OECD (Silva, 2021).

O testede toxicidade aguda € atualmente regulamentado pela diretriz 425 da OECD, que
por sua vez investiga através de uma administracdo de dose Unica ou de multiplas doses, em um
periodo de 24h. S&o realizadas observacdes diarias pelo periodo de 14 dias apds o inicio do
teste afim de observar efeitos adversos que ocorrem neste periodo. Desta forma, definir a dose
letal oral mediana (DL50), expressa por miligramas por quilo de peso corporal (mg/kg) e,
estatisticamente, representa a dose Unica capaz de levar a 6bito 50% dos animais submetidos
ao teste de substancia oral (Oecd,2008).

Para realizacdo do teste os animais devem estar em jejum, serem pesados previamente,
logo ap0ds a dose da substéncia deve ser administrada de acordo com o peso decada animal, via

gavagem. A dose limite adotadadeve estar entre 2000mg/kg ou 5000mg/kg, sendo dividido em
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grupos de 5 animais com idade entre 8-12 semanas, preferencialmente ratas fémeas nuliparas e
nédo prenhas (Oecd, 2008).

Apds a administracdo, os animais deverao ser observados nos primeiros trinta minutos,
com especial atencdo as quatro horas seguintes e, depois, durante uma vez ao dia no minimo,
até o fim dos 14 dias de estudo. Esses parametros fazem parte de uma avaliacao observacional
conhecida como screening hipocratico, desenvolvida por Malone e Robichaud (1962), que
permite detectar a presenca ou auséncia de sintomas em animais tratados durante a exposicao a
determinada substancia teste sobre os pardmetros: estado de consciéncia e disposigdo (1),
atividade e coordenacdo do sistema motor (I1), reflexos (lIl1), atividades do sistema nervoso
central (1V) e sistema nervoso autdénomo (V) (Oecd, 2008).

Os animais que vierem a Obito durante o periodo de estudo devido a exposi¢do a
substancia alvo, devem passar por criteriosa biopsia. Apos a eutanasia, caso seja confirmada
alguma alteragdo macroscdpica no (s) 6rgdo (s), uma andlise histopatoldgica devera ser

realizada e reportada como uma informagao relevante ao estudo (Oecd, 2008).

2.3.2 Estudos de genotoxicidade

O termo genotoxico refere-se a capacidade de substancias quimicas, radiacdes ou
agentes ambientais causarem danos ao material genético de um organismo, alterando o DNA e
0s cromossomos. Esses danos podem culminar em mutacdes, que séo alterages permanentes
na sequéncia de DNA, que podem implicar em problemas para a saude, como o
desenvolvimento de cancer ou outras doencas genéticas (Vogel, 1989).

Os causadores de danos no DNA e nos cromossomos podem ser classificados em duas
classes, sendo chamados de agentes mutagénicos e genotoxicos (Hara et al., 2018). Os agentes
genotdxicos podem agir de maneiras diferentes, alguns podem causar danos diretos ao DNA,
produzindo alteragdes em sua estrutura ou fungéo, enquanto outros interferem nos mecanismos
celulares responsaveis pela replicacdo e reparo do DNA (Knaapen et al., 2006).

Todos os seres vivos, ao longo da vida podem estar sujeito a mutacdes e esses
mecanismos fazem parte da evolucdo de uma espécie (Jablonka; Lamb, 2010). Entretanto, as
mutacdes podem advir de origem natural, chamadas de espontaneas ou de maneira induzida, ou
seja, quando surgem ap6s uma exposicdo a determinada substancia (Disman et al., 2012).
Portanto, em toxicologia, qualquer situacao de alteragdo no DNA ou RNA que afete o gene de

forma quantitativa ou qualitativa é considerada uma mutacdo, podendo inferir em desordens
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geneéticas, na fertilidade e malformacdes fetais, caso o efeito genotdxico tenha atingido as
células germinativas (Fonseca; Pereira,2013).

A avaliacdo da genotoxicidade é essencial para a seguranca ambiental e a salde
humana, especialmente no que diz respeito a produtos quimicos industriais, medicamentos,
alimentos, produtos cosméticos e agentes de radiacdo. Estudos de genotoxicicidade podem ser
realizado por uma variedade de testes, incluindo testes in vitro e in vivo (Ribeiro
Salvatori;Marques, 2003).

2.3.2.1 Modelos para estudos genotoxicos

Os estudos genotoxicos desempenham um papel importante na avaliacdo dos efeitosque
agentes fisicos, quimicos e bioldgicos podem ter sobre o material genético. Esses estudos
ajudam a compreender o0s potenciais riscos a saude humana e ambiental, além de identificar aas
substéncias que podem causar tais danos ao DNA. Dentre os modelos e ensaios utilizados para
a analise de genotoxicidade, cada um desempenha caracteristicas especificas, e podem ser
desenvolvidos tanto estudos in vivo quanto in vitro, como em cultura de células, bactérias,

roedores, além de modelos alternativos (Brasil, 2013; Sales et al., 2018).

Essas técnicas sdo capazes de avaliar o processo de danos a partir do monitoramento de
condicbes fisico-quimicas, ambientais, bem como avaliacdo dos riscos a exposicdo de
determinados agentes (Valente et al., 2017). Entretanto, a escolha do modelo e ensaio
genotdxico depende da natureza do agente em estudo, das questdes especificas que se busca

responder e das consideracdes éticas envolvidas (Morales, 2008).

2.3.2.2. Teste do Micronucleo

O teste do micronlcleo é um ensaio utilizado para avaliar a presenca de danos no
material genético, principalmente em células em divisdo, que através de células do sangue
periférico ou da medula 6ssea de roedores consegue detectar agentes clastogénicos (capazesde
realizar a quebra de cromossomos) ou agentes aneugénicos (que induzem a segregacao
cromoss6mica anormal), indicando danos genotoxicos (Oecd, 2016a; Flores;Yamaguchi, 2008;
Ribeiro Salvatori;Marques, 2003).Como matéria-prima para o teste, a medula 6ssea de qualquer
mamifero pode ser utilizada, porém as mais indicadas pelos 6rgaos regulatérios sdo o sangue
periférico de camundongos, como proposto por Hayashi et al. (1990) e a medula 6ssea de ratos

e camundongos (Oecd, 1997).
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Microndcleos (MN) s@o pequenas estruturas que podem se formar quando cromossomos
ou fragmentos de cromossomos nao sdo distribuidos corretamente durante a divisdo celular.
Consistem em massas da cromatina com aparéncia de um pequeno nucleo, delimitados por uma
membrana e separados do nucleo principal (Hayashi, 2016). Sua formacdo se da a partir da
quebra de cromossomos inteiros ou fragmentos acéntricos, a partir do atraso ou migracao
durante a anéafase, estando presente apds a divisdo celular nas células filhas (Bolognesi, 2003).

No individuo adulto, os eritrocitos originam-se principalmente na medula éssea (Contar
et al., 2000). Durante o processo de maturagdo, quando ocorre a expulsdo do nucleo, geram os
eritrocitos policromaticos, que sdo considerados células sanguineas imaturas que ainda contém
alguma quantidade de RNA residual. Por sua vez, essas células quando coradas em esfregaco
sanguineo tém uma coloracdo azulada ou arroxeada, devido a presenca do RNA. Apds 24h, o
eritrcito encontra-se maduro, gerandoo eritrécito normocromatico. Essas células possuem uma
coloracdo vermelha caracteristica,devido a presenca de hemoglobina. Esses eritrocitos ja ndo
possuem RNA significativo e, portanto, ndo mostram a coloragdo azulada ou arroxeada (Figura
2) (Contar et al., 2000; De Souza, 2015).

Figura 2 — Formacao de eritrdcitos policromaticos (PCESs) e eritrdcitos normocromaticos
(NCE)
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Fonte: adaptado de Souza, 2015.

Bollet e colaboradores na década de 1970 introduziram o termo microntcleo, fazendo
referéncia a corpos cromaticos com diametro menor que 1/3 do didmetro do nucleo celular.
Durante o processo de maturacdo celular, especificamente na telofase, o eritrdcito
policromatico tem seu nicleo extrudado e os micronucleos que foram formados podem
permanecer no citoplasma, sendo eles compostos por uma porcdo de cromatina contendo

fragmentos de cromossomos ou cromossomos inteiros (Mateuca et al., 2006). Os micronucleos
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podem ser diferenciados pela presenca ou auséncia do cinetocoro localizado no centrdmero,
sendo o aparecimento de eritrocitos micronucleados imaturos o principal indicio de dano
(Figura 3) (Flores; Yamaguchi,2008; OECD, 2016a).

Figura 3— Eritdcito policroméatico com micronucleo (a) Eritrdcito policroméatico sem nucleo
(b) e eritrocito normocromaticos sem micronucleo (c). Imagem microscépica em aumento de
1000x.

(b}

Fonte: O autor (2023).

As caracteristicas basicas do teste do micronicleo se baseia a partir dos dados
observados que podem ser classificados quanto a producao de eritrocitos policromaticos (PCEs)
(1) o efeito da substancia teste é observado em eritrocitos policrométicos anucleados; (2) o
eritrcito policromatico tem um tempo de vida curto, sendo que a presenca de micronucleos é
indicativa de dano cromossdmico induzido recentemente; e (3) os micronucleos sdo facilmente
identificaveis e a sua distribuicdo é bem definida (Freitas, 2007; Fenech, 2000). Portanto, a
presenca de microndcleos depende do tempo de amostragem. Além disso, 0 MN pode ocorrer
como resultado de processos naturais, como 0 metabolismo ou o envelhecimento, ou pode ser
induzido por muitos fatores ambientais, habitos, doencas e substancias quimicas (Ribeiro;
Salvadori; Marques, 2003).

Uma reducdo da propor¢do do numero de eritrocitos policrométicos imaturos (PCES)
reflete em uma menor proporcéo na relacdo PCE/NCE, sendo entdo considerado um marcador
de citotoxicidade (Shahrim et al., 2006). Logo a percentagem de eritrocitos policromaticos
(PCE) no total de eritrocitos também pode ser determinada, utilizando esse dado como mais um
parametro de toxicidade (ANVISA, 2010; OECD, 1997;).
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Para as analise dos resultados considera-se a propor¢édo do total de eritrocitos em cada
amostra. Sendo indicado para quantificacdo de eritrécitos micronucleados uma contagem
minima de 2000 células para cada ldmina. Na andlise realizada por microscopia, a proporcéao
de eritrécitos imaturos ndo deve superar 20% da quantidade de eritrocitos totais, onde resultados
positivos indicam dano genotdxico cromossomico estrutural e/ou numérico (Araldi et al.,
2015;0ECD, 2016a; Ribeiro; Salvadori; Marques, 2003; Ribeiro, 2006;).

2.3.3 Ensaio do cometa

O ensaio cometa ou teste do cometa, também conhecido como ensaio do cometa
alcalino, é uma técnica utilizada em toxicologia e genotoxicologia para avaliar danos no DNA
das células. Desenvolvido por Singh et al. 1988 essa técnica é especialmente Util para detectar
danos causados por agentes quimicos, radiacdo e outras substancias genotdxicas. O SCGE in
vivo (single cell gel electrophoresis) ¢ um método sensivel e que tem sido adaptadopor outros
autores, considerado de baixo custo, versatil e confiavel da area de genética toxicologica (Lu;
Y etal., 2017; Oecd, 2016b).

A utilizacdo do teste do cometa visa detectar os danos genémicos causados por agentes
genotoxicos e é capaz de fornecer informagdes sobre 0s mecanismos de acéo e também estudos
de reparo do DNA, além da sua cinética e os tipos de lesdes que podem ser corrigidas. Essa
andlise pode ser conduzida tanto in vivo, utilizando qualquer 6rgdo ou tecido, ou in vitro, por
meio de culturas celulares (Azquetaetal.,2013; Ribeiro;Salvadori;Marques, 2003). A aplicacao
deste ensaio se norteia na capacidade de organizacdo do DNA dentro donucleo celular. Portanto,
qguando as células sdo fixadas em laminas com gel de agarose, passam pela acdo da solucéo de
lise celular, onde o DNA ¢ extravasado do meio intracelular. Sob meio alcalino (pH >13) sao
submetidas a corrida de eletroforese. A partir desse ponto, os estimulos elétricos gerados
permitem que fragmentos do DNA lesionado se dirijam para fora do nucleo celular, onde a
intensidade com que ocorre a migracdo, refletird na quantidade de material lesionado. Este
fragmento remete a um aspecto de cometa, de onde surgiu a origem do termo ensaio cometa
(Figura 4) (Cordelli et al., 2021; Ribeiro;Salvadori;Marques, 2003; Collins, 2004).

Figura4 — Esquematizacdo das células submetidas ao ensaio cometa.
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aspecto de "cometa”

Fonte: adaptado de Shaposhnikov et al ., 2009.

Com a imagem que remete a um cometa, com cabeca e cauda, ap0Os passar pela corrida
de eletroforese, esses fragmentos de DNA podem ser dimensionadas e quantificados numa
escala de 0 a 4, onde 0 indica nenhum dano, e o nivel 4 maior dano. Através da microscopia é

possivel observar os niveis de danos (Figura 5) (Oecd,2016b; Mgller, 2018).

Figura 5 — Escala de dano no ensaio cometa: 0 - sem danos; 1- baixo nivel de dano; 2 -médio
nivel de dano; 3 — alto nivel de dano; 4 — dano total.

Fonte: O autor (2023).

Visto que a nivel celular toda célula possui dano ao DNA, considerando que o proprio
metabolismo é capaz de gerar mais de 1000 lesdes diariamente ao DNA/célula, dessa maneira,
o teste do cometa é substancialmente comparativo, sendo categorica a presenca dos grupos de

controle negativo e positivo de forma simultanea na experimentacdo (Araldi et al.,2015)

Para as analises, 100 nucleoides selecionados aleatoriamente por microscopia optica e
sdo classificados numa classe de cinco niveis de danoa (0,1,2,3,4) de acordo com a intesidade e
0 padrao de arraste do material genético degradado. O indice de DNA (DDI) foi calculado de

acordo com a metodologia de Fernandes;Bustos- Obregon; Salvatori (2015).
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3. OBJETIVOS

3.1 GERAL

Avaliar a toxicidade aguda e toxicogenética do extrato aquoso dos caules de Aristolochia
ridicula.

3.2 ESPECIFICOS

- Determinar a DL50 do extrato aquoso dos caules de A ridicula.
- Investigar o potencial genotdxico do extrato de A. ridicula em células de ratos Wistar in
vivo pelo ensaio cometa.

- Avaliar os possiveis efeitos citotoxicos e mutagénicos do extrato aquoso de caules de A.
ridicula em celulas de ratos Wistar pelo teste do microndcleo.

- Avaliar os pardmetros comportamentais e fisioldgicos nos animais tratados com o extrato

aquoso de caules de A. ridicula.
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FROM FOLK KNOWLEDGE TO SCIENCE: AN OVERVIEW OF STUDIES ON THE GENUS
Aristolochia (2013-2023)

Abstract

The use of medicinal plants, deeply rooted in the history and tradition of various
communities, has recently gained prominence on the global stage. Despite the generational
transmission of this therapeutic knowledge, certain plants, such as those belonging to the
Aristolochia genus (Aristolochiaceae), widely utilized by traditional populations, need more
detailed studies on the composition of bioactive molecules and their toxicity. Therefore, this
paper aims to present an overview of publications on the Aristolochiaceae family from 2013
to 2023, specifically, on the genus Aristolochia, focusing on its chemical constituents and
biological/therapeutic activities. A bibliographic search was conducted in databases from
2013 to 2023, utilizing only open-access articles. The analysis revealed variations in the
number of articles published, with an increase in the last three years, addressing the
effectiveness of the traditional use of these plants based on popular knowledge. The analysis
revealed variations in the number of articles addressing the effectiveness of the traditional
use of these plants based on popular knowledge. Remarkably, approximately 70% of
research articles on the Aristolochia genus are restricted, suggesting a potential connection
with new research and discoveries of biomolecules. The diverse composition of secondary
metabolites in different parts of the plants influences their phytotherapeutic properties,
resulting in specific biological and therapeutic applications. This study contributes to a
comprehensive understanding of the Aristolochia genus, exploring its therapeutic potential
and emphasizing the need for further investigations into its composition and toxicity.

Keywords: Common knowledge; Ethnobotanical studies; Biological activity

Resumo

O uso de plantas medicinais, enraizado na historia e tradicédo de varias comunidades, tem
ganhado destaque no cenario mundial. Apesar da transmisséo geracional desse
conhecimento terapéutico, algumas plantas, como as do género Aristolochia
(Aristolochiaceae), amplamente utilizadas por populagdes tradicionais, carecem de estudos
detalhados sobre a composi¢cédo de moléculas bioativas e sua toxicidade. Deste modo, este
estudo visa apresentar o panorama de publicacdes sobre a familia Aristolochiaceae e
género Aristolochia, seus constituintes quimicos e atividades biolégicas e terapéuticas. Foi
realizada uma pesquisa bibliografica em bases de dados entre 2013 a 2023, sendo
utilizados apenas artigos de acesso livre. A analise revelou variagées no niumero de artigos
publicados, com aumento nos ultimos trés anos, abordando a eficacia do uso tradicional
dessas plantas com base no conhecimento popular. Notavelmente, cerca de 70% dos
artigos de pesquisa sobre o género Aristolochia sédo de acesso restrito, indicando possivel
relacdo com novas pesquisas e descobertas de biomoléculas. A composi¢éo diversificada
de metabdlitos secundarios nas diferentes partes das plantas influencia suas propriedades
fitoterapicas, resultando em aplicagdes biolégicas e terapéuticas especfficas. Este estudo
contribui para a compreensédo abrangente do género Aristolochia, explorando suas
potencialidades terapéuticas e a necessidade de investigagcdes mais aprofundadas sobre
sua composicao e toxicidade.

Palavras-chave: Conhecimento popular; Estudos etnobotanicos; Atividade bioldgica.

1. Introduction
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Throughout the centuries, using plants for medicinal purposes has been intertwined with
human history. This age-old tradition, dating back to the dawn of history, is experiencing
renewed interest in modern times. In this contemporary setting, people are increasingly
seeking more natural and holistic alternatives for health care, reflecting a growing demand
for preventive and health-promoting approaches. This trend not only underscores the
therapeutic efficacy of plants but also emphasizes the cultural significance inherent in their
use, rooted in the traditions of diverse groups and communities over time (Dhole et al., 2021,
Kar et al., 2022; Jamal, 2023).

Research in the field of phytochemicals begins with observations of folk knowledge. With the
integration of more sophisticated and precise techniques, it opens up significant possibilities
for new pharmacological discoveries. Studies have demonstrated the effectiveness of certain
herbs in treating specific diseases, prompting professionals and patients to seriously
consider herbal medicines (Choudhury et al., 2023; Unliiyol et al., 2023). Thus, the
interconnection between traditional wisdom and scientific advances creates fertile ground for
innovative approaches primarily directed toward healthcare (Hill, 2022). Ongoing research in
this field validates popular knowledge practices and promotes an evolution in the
understanding and application of medicinal plants.

Medicinal plants, as defined by the World Health Organization (WHO, 2019), contain a
substance in one or more organs that can be used for therapeutic purposes or as a precursor
for drug synthesis. This definition highlights the complexity and richness of these organisms,
emphasizing their role as sources of medicinally potent substances. Authors such as Kurek
et al. (2022) and Zazouli et al. (2022) underscore that medicinal plants represent a valuable
source of bioactive substances, which can be directed towards producing various bioactive
compounds/molecules with vast potential applications. In developing countries,
approximately 70% to 95% of the population uses medicinal plants to address health issues
(Liagat et al., 2019).

Herbal medicines have become more prevalent in contemporary healthcare systems in
recent years. Integrative medicine has gained popularity in hospitals and clinics worldwide,
integrating traditional medical procedures with complementary therapies such as herbal
medicine (Jaiswal & Williams, 2017). The potential advantages of including plant-based
treatments in treatment regimens are now widely recognized by healthcare professionals,
especially for chronic diseases that benefit from a more holistic approach (Ali et al., 2015;
Panossian et al., 2021).

Herbal medicine is regaining popularity, not as a rejection of modern medicine but as a
recognition of the essential contributions of conventional and evidence-based approaches to
treatment. This integrative approach acknowledges the historical value of these practices. It
sheds light on future possibilities that can arise from combining traditional knowledge with
scientific advancements, enabling the discovery of new compounds for innovative drug
development (Guido et al., 2015; Gittelman, 2016). Through rigorous scientific investigation
and the application of methodologies, significant results and opportunities can be obtained
that may revolutionize approaches to well-being and promote alternative treatments (Jamal,
2023).

Brazil, renowned for its extraordinary plant biodiversity, is one of the wealthiest countries in
plant species variety. This wealth offers a wide range of plants with biologically active
substances with high potential for pharmacological and therapeutic applications (Castro &
Figueiredo, 2020), known as medicinal plants. These plants have gained recognition in
evidence-based medicine. Scientific studies are being conducted to validate their use,
explore their mechanisms of action, and facilitate their application as herbal medicines. This
recognition is driven by plants' broad therapeutic applicability (Da Silva et al., 2021).
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Several factors contribute to the widespread use of medicinal plants, such as ease of access,
low cost, and the beliefs passed down through generations (Aziz et al., 2017; Anand et al.,
2022). However, given the realization that a significant portion of the population uses
medicinal plants empirically and randomly, solely based on local knowledge transmitted by
the community (De Medeiros et al., 2021), a more in-depth investigation of the actual
application of these plants and their phytochemical constituents becomes crucial, considering
that some may contain substances considered toxic (van Wyk & Prinsloo, 2020; Silva & De
Melo Guedes, 2022). Plants can synthesize various chemical compounds due to millions of
years of evolution and use these bioactive substances for various purposes, including
defense against predators, attraction of pollinators, and adaptation to environmental stress
(Boy et al., 2018).

Research on medicinal plants and their bioactive constituents aims not only to understand
the pharmacological effects of these compounds but also to assess the potential toxicity
associated with their use (Vaou et al., 2021). Thus, conducting in-depth studies on the
bioactive compounds in consumed medicinal plants is an urgent need (Tuama &
Mohammed, 2019). Different scientific approaches are essential to provide valuable insights
into the safety and efficacy of medicinal plant use and contribute to developing guidelines
guiding the responsible use of these natural resources.

The benefits of adopting herbal medicines include safety, efficacy, cultural preferences,
accessibility, and ease of supply. However, some ethnobotanical studies have noted that
traditional medicinal plants are not selected randomly; certain plant families are used
consistently (Arias et al., 2020). The medicinal flora of a particular region is typically
dominated by a small number of local plant families, as determined by various statistical
methodologies (Van Wyk, 2020). Similarly, ethnobotanists have quantified the extent to
which these preferences are shared among cultures to conclude the selection of species for
medicinal purposes and the relative weights of knowledge transfer versus independent
factors, shared selection criteria, and other considerations, such as the discovery of
efficiency in affecting species selection (Nikesh & Maddi, 2023).

A notable example is the Aristolochiaceae family of plants, commonly known as Aristolochia.
This family includes plant species in various parts of the world, especially in tropical and
subtropical climates, including Brazil (Pereira et al., 2018). They are considered perennial
herbs, climbers, shrubs, or small trees with peculiar flowers, often tubular or funnel-shaped.
The leaves can be alternate or opposite, varying in shape and size, known colloquially as
“jarrinha,” “papo-de-peru,” “cassau,” “cipd mil-homens” or “cipé-milome,” “serpentaria,”
“patito,” “cipé-mata-cobra,” “angelic,” among others (Nascimento et al., 2010; Freitas et al.,
2020).

These plants are considered widely used medicinal plants. Each species has distinct
applications that may be related to their composition of bioactive molecules (Fernandes et
al., 2021). Although scientific knowledge about species belonging to this genus is still limited,
it is recognized that many of them are native to Brazilian biomes and present promising
ethnopharmacological potential (Mueller et al., 2022). These authors emphasize that for this
reason, these plants are the subject of new studies aiming to clarify both their toxicological
potential and pharmacological effects, necessitating in-depth research to guide the safe
utilization of these plants. The present study seeks to present an overview of studies on the
Aristolochiaceae family from 2013 to 2023, including an analysis of the Aristolochia genus, its
chemical constituents, and biological and therapeutic activities.

2. Materials and Methods
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2.1. Nature of the Research

The study was conducted following the principles of scientometrics, a research model
applied based on bibliographic research, which relies on both qualitative and quantitative
assessment of scientific production in a specific area of study. According to Avila-Robinson &
Sengoku (2017), this methodology allows for the mapping of scientific literature using
metrics, visual analyses, and indicators that delineate relevant patterns and trends, providing
a critical reflection, and new insights can be observed, potentially identifying unexplored
issues or gaps that may lead to new research and discoveries (Do Carmo et al., 2023).

2.2. Search Strategies and Information Sources

Initially, a search was conducted across different databases, including Google Scholar,
PubMed, Science Direct, Scopus, and Web of Science, using the keywords:
"Aristolochiaceae, Aristolochia, use." However, the Science Direct database was utilized.
Inclusion criteria, such as the publication period between 2013 and 2023, were adopted to
refine the search, selecting relevant open-access articles on the topic. The research
objectives determine inclusion and exclusion criteria and should be explicitly defined,
ensuring a more objective conduct of the study (Patino & Ferreira, 2018; Peters et al., 2020).

2.3. Data Treatment
Data were collected from the selected articles and compiled using Excel 2019 software.
3. Result and Discussion

The data analysis revealed a fluctuation in the number of articles published on the
Aristolochiaceae family from 2013 to 2023. An ascending trend in the number of articles was
observed between 2013 and 2015, followed by a slight reduction in published studies.
Notably, there was a resurgence in 2021 (Figure 1). Variability was also noted in the number
of review articles during the sample period, with a gradual increase observed. These trends
likely stem from the current interest, particularly in research, for discovering new bioactive
molecules within medicinal plants, suggesting a significant potential for Aristolochiaceae
family plants in herbal medicine. Furthermore, the rise in the number of studies may be
associated with investigations into the effectiveness of the traditional use of these plants,
grounded in popular knowledge.
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Figure 1. Analysis of the landscape of studies published on the Aristolochiaceae family from
2013 to 2023.
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The quest for scientific validation of empirical knowledge related to the use of medicinal
plants has spurred the undertaking of new studies, aiming for a deeper understanding of the
efficacy of these plants in medicinal practice (Gumisiriza et al., 2021). This hybrid approach,
combining laboratory research with traditional wisdom, signifies a positive trend toward a
science more open to interdisciplinary collaboration and the appreciation of accumulated
knowledge over time (Jansen et al., 2021). According to Yebouk et al. (2020), ethnobotanical
knowledge plays a significant role in the development of these studies. This approach seeks
to foster greater synergy between contemporary scientific evidence and ancestral wisdom,
thus providing a more comprehensive and holistic overview in the field of medicinal plant
utilization.

From 2013 to 2023, it was observed that 76% of the total analyzed publications were
research articles, while 24% were literature reviews (Figure 2A). Regarding review articles,
64% were found to be restricted access, and 36% were open access (Figure 2B). For
research articles, the majority, approximately 70%, were restricted access, with 30% being
open access (Figure 2C). The high rate of restricted access articles may be directly related to
new research and possibly the identification of novel biomolecules in Aristolochia genus
plants or the discovery of new species.

(A) (B)

®m Open access

o Restricted
< (C)
.
4 28%
m Open access
O Restricted

mReview @ Search

Figura 3. Analysis of review and research articles published on the genus Aristolochia from
2013 to 2023. Source: Compiled by the authors using research data, depicting the total
number of review and research articles for the period (A); published open access and
restricted access review articles (B); and published open access and restricted access
research articles (C).

In recent decades, there has been a growing body of studies to understand the mechanisms
of action of toxic compounds in Aristolochia species (Fernandes, 2021). Kuo et al. (2012)
report the chemical composition of 18 Aristolochia plant species, revealing a plethora of
secondary metabolites, including over 16 chemical groups such as aristolochic acids and
derivatives, alkaloids, coumarins, steroids, quinolines, terpenoids, lignans, and flavonoids
(Alois et al., 2022; Mariyammal et al., 2023; Teixeira et al., 2023).

Furthermore, specific Aristolochia species hold economic importance due to the presence of
secondary metabolites and widespread use in traditional communities. Tian et al. (2023)
emphasize a considerable variability of metabolites in these plants, with each Aristolochia
species potentially possessing distinct medicinal properties. However, some species in this
genus are known to contain compounds like aristolochic acids, characteristic of the genus
(Lukinich-Gruia et al., 2022), which may be linked to adverse health effects; nevertheless,
these compounds might have other applications with lower risk (Ang et al., 2021).
Additionally, phenolic compounds, flavonoids, alkaloids, and terpenes found in some plants
have demonstrated beneficial effects with promising biological activities (Sulyman et al.,
2016).

Phenolic compounds constitute a group of antioxidants derived from a simple phenol
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molecule, resulting in substances with varying degrees of biological utility (Benmehdi et al.,
2017). Furthermore, the concentration of these compounds can be influenced by various
factors, such as plant species, season, cultivation conditions, soil, and storage (Aigbe et al.,
2018; Olszowy, 2019). Flavonoids, forming a subgroup of phenolic compounds present in
fruits and vegetables, encompass various variations, including flavonols, isoflavones,
chalcones, flavones, flavanones, catechins, and anthocyanins (Benmehdi et al., 2017).
These compounds can ability to engage in scavenging and chelating activities against free
radicals, potentially influencing the formation of free radicals themselves (Adjimani & Asare,
2015).

Aristolactam-type alkaloids and derivatives of aristolochic acid are widely distributed in all
Aristolochia plants. Aristololactam is an intermediate in the biosynthetic pathway of
aristolochic acid (Liu & Zhang, 2020). The unique chemical structure of aristolochic acids
found in plants of this genus shares common biological properties among different
Aristolochia species (Rodriguez et al., 2020). Hence, aristolactam-type alkaloids and
derivatives of aristolochic acids exhibit distinctive characteristics enough to be considered
unique to a specific genus, potentially serving as phytochemical markers for identification
and characterization of the genus, as highlighted by Ji et al. (2023).

Moreover, given the diversity of compounds and properties, studies have employed extracts
from different solvents to extract metabolites from various plant parts, which may exhibit
distinct properties depending on the concentration and diversity of secondary metabolites.
Thus, each plant part may have a distinct biological and therapeutic application, as
demonstrated in Table 1.

Table 1. Analysis of the diverse biological and therapeutic activities attributed to different
parts of Aristolochia genus plants.

Plant Part Biological and Therapeutic Activities Reference
IKoriem et al. (2014)
- Hepatic treatment1 2Taibi et al. (2020)
- Cancer t_reatmentz 3Steffy et al. (2018)
Leafs - Bactericidal3 _
- Treatment of snake bites4 “Venkatachalapathi et al.
- Healing agent5 (2018)
5Bolla et al. (2019)
1Akindele et al. (2015)
- Therapgutic potential in 42roper treatmentl 2Sarkhel (2014)
- Snakebite2 _
- Potential antioxidant3 3Benmehdi et al. (2017)
Roots dema treatment4
- Edema treatmen , “Aigbe et al. (2018)
- Treatment of menstrual disorders5
- Antimalarial6 5Balamurugan et al (2018)
60yeyemi et al. (2019)
Antimyotoxic IRodriguez et al. (2020)
Stems

potential. 1
- Snakebite2

2Sarkhel (2014)

Source: Developed by the authors.

The extracts and the bioactive compounds from Aristolochia species have been extensively
explored in the pharmacological properties and traditional medicine in property rope (Bolla et
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al., 2019). Species belonging to the Aristolochia genus are popularly used due to their
property of biological properties and high therapeutic potential. Despite the evidence of
population usage, developing more specific studies for each species is necessary, as each
may exhibit distinct actions (Giovannini & Howes, 2017). Therefore, for a medicinal plant to
be considered safe, especially for producing herbal medicines, it is crucial to address various
aspects, starting from widespread knowledge, ethnopharmacological studies, and toxicity
assessments.

4. Final considerations

The comprehensive analysis of the landscape of studies on the Aristolochiaceae family from
2013 to 2023 reveals a complex and promising scenario. The relevance of medicinal plant
use persists, demonstrating the ongoing transmission of therapeutic knowledge across
different generations in traditional communities.

However, the scarcity of studies on the composition of bioactive molecules and toxicity of
Aristolochia plants underscores the need for more in-depth research. The high percentage of
research articles with restricted access suggests significant potential for recent discoveries
and identifying novel biomolecules.

The diversity of secondary metabolites in different plant parts highlights the potential
applicability of these plants. The emphasis on widespread knowledge reinforces the
importance of understanding the scientific aspects and the cultural and traditional contexts
associated with using these plants.

Nevertheless, there remains a continuous need for collaborative research, with a focus on
accessible herbal studies, to expand understanding of the therapeutic potential and
challenges associated with the use of Aristolochia (Aristolochiaceae) medicinal plants. New
studies could be directed towards applications of the bioactive constituents of these plants,
contributing to the safe and effective use of these natural resources, benefiting both
traditional communities and the global scientific community.
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Abstract

Ethnopharmacological relevance: Aristolochia ridicula (jarrinha) is acommon species native
to South America, used in traditional medicine for treating pulmonary diseases, anti-
inflammatory, antidiarrheal, and digestive purposes. Despite the plant’s properties, the literature
Is scarce regarding this species, and there are no records in Brazil validating its safe use by

humans.

Study objective: To assess the acute toxicity and toxicogenetic effects of Aristolochia ridicula

through the micronucleus test and comet assay.

Materials and methods: The aqueous extract from the Aristolochia ridicula (EAAR) stems
was used for acute toxicity tests in male and female rats at a single dose of 2000 mg/kg to
determine the LD50. Hypochromic screening was also observed for 14 days. Genotoxicity

assays were conducted using the micronucleus test and comet assay.

Results: The experiments conducted in this study provide initial evidence of the oral (gavage)
toxicity of EAAR, showing that it is not genotoxic to peripheral blood cells. Furthermore, the
tests performed do not exhibit clastogenic/aneugenic activity in the bone marrow cells of rats.

Conclusion: The LD50 of EAAR is more significant than 2000 mg/kg, and it does not possess
genotoxic potential in peripheral blood cells nor clastogenic and aneugenic activity in bone

marrow cells of rats. It is not a mutagenic agent.

Keywords: Micronucleus, comet assay, toxicogenetics, medicinal plant, Aristolochia.



52

1. Introduction

The use of plants for medicinal purposes is a practice known since ancient times and has
gained increasing interest and recognition as people seek more natural and alternative
healthcare approaches. This trend also reflects the search for disease prevention and health
promotion strategies, in addition to the appreciation of the culture of various groups and
communities. Throughout history, the use of medicinal plants has been closely intertwined with
cultural practices and traditions (Kar et al., 2022 ; Maciel et al., 2002). Furthermore, therapeutic
products derived from plants are a promising pharmaceutical science area (Castro and Albiero,
2016).

In this sense, medicinal plants become an alternative for treating various health
problems as the demand for natural alternatives to conventional treatments grows. These can
be utilized as infusions, extracts, oils, and syrups. (Heinrich et al., 2009). Furthermore, Brazil
is known and recognized for its extraordinary plant biodiversity, being considered one of the
country's most prosperous in the variety of plant species. This biological wealth provides an
extensive range of biologically active substances with the potential for pharmacological and
therapeutic applications (Castro and Figueiredo, 2020).

Given that a significant portion of the population uses medicinal plants empirically
based on local knowledge transferred within the community, various factors contribute to this
practice. These factors include easy access, low cost, and beliefs passed down through
generations (Sarmento Gadelha et al., 2013). Therefore, the study of bioactive compounds in
medicinal plants consumed in Brazil, their pharmacological effects, and potential toxicity
becomes relevant (Maciel et al., 2002; Oliveira and Gongalves, 2007).

Avristolochia ridicula is a plant belonging to the Aristolochiaceae family of the Piperales
order and encompasses 600 species dispersed in temperate zones and predominantly in the
tropics. Most species of the Aristolochia group occur on the edges of Brazilian forests. They
are popularly known as "cipd-de-mil homens,” "cip6 milomem," "patinho," “papo-de-Peru,"”
"jarrinha,”" "erva-de-urubu,” among others (SiBBr, 2021).

The therapeutic use of various species in this family, including Aristolochia ridicula, is
attributed to its characteristic chemical composition, with the presence of phenolic compounds,
flavonoids, biflavones, chalconaflavones, and tetraflavonoids found in the plant (Machado and
Lopes, 2008; Navickiene and Lopes, 2001; Salomé et al., 2020). Among the biological

properties that species of the genus have highlighted are their connections to cancer treatment
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as reported in experimental studies (Heinrich et al., 2009), pharmacological activities such as
antibacterial (Alviano et al., 2008; Ledn-Diaz et al., 2010), insecticidal, antidiarrheal, treatment
of snakebites, and digestive properties (Frei et al., 1985; Rodriguez, 2010). They also exhibit
anti-inflammatory, antirheumatic, and antispasmodic activities (Messiano et al., 2008; Zhang
et al., 2008) and treat lung inflammations and weight loss therapies (Oliveira and Gongalves,
2007). In experimental chemical studies with the leaves of A. ridicula, Machado and Lopes
(2008) identified three new flavonoids, including a biflavone, a new chalconaflavone, and a
tetraflavonoid—members of a significant group of metabolites belonging to the flavonoid
family, which are considered rare compounds.

Given that the occurrence of this compound is atypical and unprecedented in the extract
of A. ridicula, this plant has become promising in pharmacological science. Previous studies
indicate that plants of this genus may exhibit cytotoxic actions, primarily linked to aristolochic
acid (AA), known to induce nephropathy and cancer in humans (Han et al., 2019; Kang et al.,
2021). However, the literature reports that depending on the extraction method and solution
preparation, there may be higher or lower concentrations of AA (Chen, 2020; Li et al., 2018;
Wu et al., 2005). Additionally, there is conflicting information in the literature regarding the
effects of AA in humans, emphasizing the need for detailed studies on the subject (Zhou et al.,
2019). There are few studies on A. ridicula, especially in Brazil, addressing both clinical
toxicity and toxicogenetic aspects, which could provide information on its safe consumption.

Thus, the research aimed to assess the acute toxicity and toxicogenetic potential of the
aqueous extract from the stems of Aristolochia ridicula through the micronucleus test and comet

assay in Wistar rats.

2. Materials and Methods

2.1 Plant identification and extract preparation

The stems of A. ridicula were collected in the garden of medicinal plants of the Federal
University of Grande Dourados,in Dourados, MS, Brazil (22°09°16.3°S54°48°17.8”W) and
stored in a freezer at - 20 oc. Access register SisGen/MMA number: AE2A578.

The stems of A. ridicula were dried in an air-circulated oven at 50°C for 72 hours.
Following the drying process, the material was ground using a semi-industrial processor until
a powdered texture was obtained, and it was stored in a dry environment at 25°C. The aqueous
extract of A. ridicula stems (EAAR) was prepared by mixing the dried and powdered material

with distilled water. After homogenization, decoction was performed, followed by filtration.
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The obtained filtrate was frozen at -80°C. The lyophilized extract was used in the experiments.

2.2 Animals and Treatments

Thirty Wistar rats (Rattus norvegicus) of both sexes (30 males and 30 females), aged 6
to 9 weeks, were used in the study. The animals were provided by the Central Vivarium of
UFGD and housed in rodent-specific cages (49x34x16cm), with 5 animals per cage, under
controlled conditions of temperature (22+2°C) and humidity (40-60%), with ad libitum access
to water and standard rodent chow. Experimental procedures followed ethical principles for
using animals in research and were approved by the Ethics Committee for Animal Use at UFGD
(protocol n°. 15/2021).

For acute toxicity, two groups of males and females (n=5 each) were established and
treated with a single oral dose of 2000mg/kg of EAAR via gavage. Two additional groups of 5
males and 5 females were established: 1) negative control group, treated with filtered distilled
water orally; 2) positive control group, treated with 50mg/kg of body weight of

cyclophosphamide monohydrate, administered intraperitoneally 24 hours before eutanasia.

2.3 Acute toxicity

Acute toxicity was assessed following the OECD protocol (2008) Acute oral toxicity -
up and down procedure. After administration, the animals were closely monitored during the
first 24 hours, at intervals of 15, 30, and 60 minutes, and then every 4 hours, followed by once
a day for 14 consecutive days (OECD, 2022).

During the study period, general toxic signs were observed according to the Hippocratic
screening (Malone and Robichaud, 1962), evaluating the following parameters: body weight
variation, clinical signs (piloerection, writhing, tremors, seizures, cyanosis, ataxia, diarrhea),
and behavioral signs. Physiological data (body weight, water, and food consumption) were
observed and recorded daily. Additionally, mortality was observed to estimate the lethal dose
for 50% of the animals (LD50).

On the 15th day, animals were euthanized with an overdose of anesthetics, confirming
death through the absence of corneal reflex. After death confirmation based on vital signs and
corneal reflex analysis, vital organs (heart, lung, liver, right kidney, spleen, right ovary, uterus,
right testicle, and epididymis) were collected, weighed, and macroscopically analyzed. Any

alterations in the organs' general appearance, color, and texture were noted for subsequent
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histopathological analysis.

2.4 Micronucleus Test

The micronucleus test was conducted following the guidelines of the Organisation for
Economic Cooperation and Development (OECD, 2016). Analyses of polychromatic
erythrocytes were performed using cells obtained from the bone marrow of treated animals.

Immediately after euthanasia, the right femur of each animal was removed and separated
from adjacent muscles. Both ends of the femur were cut, and the bone marrow was washed with
1 mL of fetal bovine serum and immediately placed in a microtube for centrifugation. After 5
minutes of centrifugation at 1000 rpm, the supernatant was discarded, and the pellet was used
to prepare slides. The slides were fixed in methanol for 10 minutes and stained with Giemsa for
15 minutes. For each sample, 2000 erythrocytes were analyzed to identify micronucleated
polychromatic erythrocytes (indicative of genotoxic damage).

The ratio of polychromatic erythrocytes (PCES) to normochromatic erythrocytes
(NCEs) was also calculated. This cytotoxicity assay assesses whether the test substance causes
toxic effects on erythrocytes originating from the bone marrow. To evaluate the cytotoxicity of
EAAR, 1000 NCEs were counted along with the frequency of PCEs in the same microscopic
field. The indication of cytotoxic damage occurs when the ratio is closer to 0, while a ratio close
to 1 indicates no cytotoxic damage (Schmid, 1976).

2.5 Comet Assay

The Comet Assay was performed using peripheral blood analysis following the OECD
guidelines (OECD, 2014) and the modifications outlined in Mueller et al. (2019). Before
euthanasia, each animal was anesthetized with a combination of ketamine and xylazine. A small
cut at the tip of the tail was made for blood collection, which was then inserted into pre-coated
agarose slides. Subsequently, the slides were kept in lysis solution for 2 hours to remove the
cell membrane and allow DNA leakage. The slides with leaked DNA were placed in an
electrophoresis tank, immersed in an alkaline solution, and subjected to electrophoresis for 20
minutes at a temperature of -4°C, 25V, and 300mA. After electrophoresis, the slides were placed
in a neutralization solution for 3 cycles of 5 minutes each. Following that, they were fixed with
absolute alcohol for 10 minutes and refrigerated in the dark. The slides were stained with silver
nitrate and examined under an optical microscope at 400x magnification for analysis.

For analysis, 100 nucleoids were randomly selected by optical microscopy and
categorized into five levels of damage (0, 1, 2, 3, 4) based on the intensity and pattern of drag of
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degraded genetic material, where 0 indicates the lowest level of degradation and 4 the highest
(Mgller, 2018). The DNA Damage Index (DDI) was calculated following the methodology of
Fernandes, Bustos-Obregon & Salvatori (2015).

2.6 Statistical Analysis

In the in vivo comet and micronucleus assays, the data were expressed as mean *
standard error of the mean (SEM). Differences between groups were assessed using analysis of
variance (ANOVA), followed by Tukey's post hoc test. For acute toxicity assays, differences
were evaluated using an unpaired t-test. A p-value < 0.05 was considered statistically

significant. Statistical analysis was performed using GraphPad Prism 9.0 software.

3. Results

3.1 Acute Toxicity

After exposure to the dose of 2000mg/kg of EAAR, there was no mortality among the
studied animals. Additionally, according to the Hippocratic screening, male and female animals
treated with EAAR did not show clinical signs of toxicity or behavioral changes during the
entire study period. The average weight ranged between 311.6 + 4.58 and 212.4 £ 4.75 (p <
0.05) for the negative control group and 317.8 + 2.41 and 225.4 + 3.23 (p < 0.05) for the treated
group. The groups had no significant changes in weight gain, water consumption, and food

consumption (Table 1).

No macroscopic alterations were observed when analyzing vital organs, and no changes
were found in the histopathological analysis. There were no differences in organ weights
between the groups, except for testicle size, where there was a statistical difference in the treated

group compared to the negative control group (Table 2).
3.2 Micronucleus Test

Table 3 shows the difference between the means of micronucleated polychromatic
erythrocytes (MN-PCEs) in all experimental groups. Both male and female animals in the
positive control group had an increase in the number of MN-PCEs compared to the negative
control group. Statistical analysis revealed that there was no statistical difference in the groups
that received EAAR (both males and females), exhibiting similar means to those observed in

the negative control. Regarding the PCE/NCE ratio, statistical analysis showed that EAAR
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treatment did not cause any significant changes compared to the negative control, with means

that only differed from those observed in the positive control group.

3.3 Comet Assay

Regarding the Comet assay results, statistical analysis showed an increase in damage
classes | and 11 in males and females of the EAAR group compared to the negative control
group. The number of damaged cells and the DNA Damage Index (DDI) in the negative control
group and the groups treated with EAAR were lower than the positive control, with significant

statistical differences (Table 4).

4. Discussion

This study is the first to assess the acute toxicity, genotoxic, and mutagenic potential of
Aristolochia ridicula stems.

Clinical toxicity studies are conducted to evaluate safe doses for using a specific plant
species, and one of these tests is acute toxicity, currently regulated by the Organisation for
Economic Co-operation and Development (OECD) guideline 425. This guideline determines
the median lethal dose through single or multiple exposures to the test substance at its highest
dose in vivo, usually with rodents, over a short period (OECD, 2022).

Systemic toxicity can be classified by defined clinical and physiological signs based on
the reduction in the experimental animals' body mass. Additionally, reduced ponderal
development, decreased water and food consumption, as well as behavioral changes such as
prostration, apathy, and poor coat condition, are also considered essential signs of toxicity from
a specific substance (Castro et al., 2005; Silva et al., 2005) Furthermore, signs of toxicity may
be expressed through changes in the mass of vital organs (Hiremath et al., 1997). Such situations
were not evident in this study, as there was no reduction in body weight or alteration in the feed

consumption by treated animals, which showed weight gain similar to that of the control group.

This study is the first to assess the acute toxicity, genotoxic, and mutagenic potential of

Aristolochia ridicula stems.

Clinical toxicity studies are conducted to evaluate safe doses for using a specific plant
species, and one of these tests is acute toxicity, currently regulated by the Organisation for
Economic Co-operation and Development (OECD) guideline 425. This guideline determines

the median lethal dose through single or multiple exposures to the test substance at its highest
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dose in vivo, usually with rodents, over a short period (OECD, 2022).

Regarding the weight of vital organs, only the testicle showed a significant difference
in weight, which was lower than that of the negative control group. However, the found
averages are within the normal range for the animal species (Castro et al., 2005; Mello et al.,
2004).

EAAR proved to have low toxicity, evidenced by the absence of mortality in the
evaluated animals and the lack of behavioral and physiological changes throughout the study
period. These findings are consistent with data on acute toxicity studies with plants of the genus
(Veloso, 2019). Araujo (2021) evaluated the acute toxicity of the aqueous extract of A.
triangularis, and there were no deaths in animals treated with the extract at adose of 2000 mg/kg
within 14 days, nor were there behavioral changes. According to Traesel et al. (2014), a
substance that does not cause lethality, deaths, or behavioral changes at a dose of 2.0 g/kg
demonstrates a toxicological nature of class 5 (LD50 > 2000 mg/kg), showing improbable

toxicity.

The field of toxicological genetics aims to contribute to the identification of chemical
or natural agents capable of causing alterations in DNA in somatic or germ cells, which can be
permanent in descendants through malformations and even in tumor formation (Disman et al.,
2012; Fonseca and Pereira, 2013). To identify such agents and classify them as genotoxic or
not, there is a range of in vitro and in vivo assays, such as the comet assay and the micronucleus
test, which are commonly used in pre-clinical trials and provide relevant and reliable

information (Sales et al., 2017).

The comet assay detects direct damage to genetic material caused by genotoxic agents,
whether synthetic or derived from medicinal plants (Ribeiro et al., 2003). Genotoxicity is not a
measure of carcinogenicity, although it is often used as an indicator of cancer since the method

identifies an initial or intermediate event in tumor formation (Araldi et al., 2015).

This study showed that the administration of the extract did not result in genotoxic
effects in animals treated with EAAR in the high damage classes, as well as the DNA Damage
Index (DDI), which was close to the negative control group. There were statistical differences
in all damage classes and the damage index in the EAAR group compared to the positive control
group, confirming that the administration of cyclophosphamide in the positive control group

resulted in the expected effect.



59

Another assay performed in this study was the micronucleus test, which has the
characteristic of detecting clastogenic agents (capable of breaking chromosomes) and
aneugenic agents (inducing abnormal chromosomal segregation) (Flores and Yamaguchi,
2008). The increase in the frequency of micronuclei in polychromatic erythrocytes (MN-PCEs)
plays a vital role in identifying the neoplastic development of certain tumors (Fenech, 2000).
In this study, EAAR showed nodifference in the number of MN-PCEs compared to the negative
control. As expected, the group treated with cyclophosphamide presented a high frequency of
MN-PCEs.

Moreover, the micronucleus test allows for determining the cytotoxic potential of the
test substance through a PCE/NCE ratio in bone marrow cells. Compounds that reduce the
production of young (polychromatic) erythrocytes are considered cytotoxic compounds
(Ribeiro et al., 2003). This study's findings showed no changes in the MN-PCE and
PCE/PCE+NCE parameters compared to the negative control group. There was a statistically
significant difference compared to the positive control group. These results indicate that EAAR
was not cytotoxic to this cell type and did not have clastogenic/aneugenic effects. Furthermore,
a potential cytoprotective effect can be suggested in the group that received EAAR, as they
showed a significant increase in the PCE/NCE ratio. This finding can serve as a basis for further

studies with EAAR that identify the antigenotoxic effects of the extract.

Dantas (2019) investigated the antimutagenic activity of medicinal plants, and of the
species that did not present mutagenic potential, 32% (195/597) showed antimutagenic activity.
Thus, Stoczynska et al. (2014) in their studies reported that natural antioxidants act as the
primary sources linked to antimutagenic properties, inferring that the prevention of reactive

oxygen species (ROS) before the substance/DNA interaction causes a mutation.

The presence of bioactive compounds such as flavonoids, biflavonoids, and
tetraflavonoids, among others found in the plant, suggests that it is a rich source of phenolic
and antioxidant compounds (Machado and Lopes, 2008). These compounds can act in the
prevention and formation of reactive oxygen species (ROS). However, evidence suggests that
cumulative DNA damage caused by ROS can also contribute to cancer formation and adverse
effects (Palyvoda et al., 2003). In their experimental studies with the ethanolic extract of the
whole plant Aristolochia krisagathra Sivar. & Pradeep, Paulpiya et al. (2016), found anti-
inflammatory activity of 87.1% at a dose of 400 mg/kg in rats. Among the compounds that

could act in biological activity are alkaloids, anthraquinone, coumarin, flavonoids, phenol,
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quinone, saponin, steroids, tannins, and terpenoids.

Therefore, studies to identify isolated compounds from different parts of the plant may
be crucial to elucidate these antioxidant effects and ensure the safe consumption of the plant.
Such information is unprecedented and allows for further research involving Aristolochia
ridicula, aiming to investigate other potential pharmacological and therapeutic effects and the

plant's effects at prolonged consumption doses.
5. Conclusion

The A. ridicula stem aqueous extract (EAAR) exhibited low toxicity in acute toxicity
testing, with an LD50 greater than 2000mg/kg. It did not alter behavior or the physiological
signs analyzed. This study did not show genotoxic potential in peripheral blood cells nor
clastogenic and aneugenic activity in the bone marrow cells of rats. The extract is not a

mutagenic agent, as confirmed by the micronucleus assay.
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TABLES

Table 1. Food intake (g/day), water consumption (mL/day) and Body weight (g) of male and
female Wistar rats in acute toxicity, orally treated with EAAR (2000 mg/kg) and negative
control group.

Male

Negative control EAAR
Food intake (g/day) 31.0 £ 0.64 29.8 £ 0.64
Water consumption (mL/day) 56.3 +2.10 57.1+£2.10
Initial Body weight (g) 269.6 + 4.06 274 £2.93
Final Body weight (g) 311.6 +4.58 317.8+ 241
Weight Gain (g) 41.6 +2.15 43.6 + 3.65

Female

Negative control EAAR
Food intake (g/day) 27.5+0.64 25.5+0.64
Water consumption (mL/day) 50.4+2.10 51.6 £2.10
Initial Body weight (g) 175.6 £ 3.70 193.2 £ 2.00
Final Body weight (g) 2124+ 475 225.4 £ 3.23
Weight Gain (%) 36.8 +1.98 32,2+ 159

Values are expressed as mean + SEM (standard error of the mean). n = 5. Statistical analyses
were performed using one-way ANOVA, followed by t test. * Significant statistical differences
(p <0.05).

Table 2. Organs weight (g) of male and female Wistar rats in acute toxicity, orally treated
with EAAR (2000 mg/kg) and negative control.

Male

Negative control EAAR
Spleen 0.64 £0.01 0.59+£0.01
Liver 12.21 +£0.28 13.03+£0.28
Heart 0.95+0.02 0.97 £0.02
Kidney 1.18+0.04 1.18 + 0.0497
Testicles 1.53+0.03 1.38 + 0.03*
Epididymis 0.47 £0.01 0.45+0.01

Female

Negative control EAAR
Spleen 0.47 £0.01 0.47 £0.01
Liver 8.85+0.28 9.89+0.28
Heart 0.69 £ 0.01 0.79+£0.01
Kidney 0.78 £ 0.04 0.79 £ 0.04
Uterus 0.48 £ 0.01 0.47 £0.01
Ovaries 0.08 £ 0.00 0.08 £ 0.00

Valuesare expressed asmean + SEM (standard error of the mean).n = 5. Statistical analyses were performed using
one-way ANOVA followed by t test. * Significant statistical differences (p <0.05).
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Table 3. Mean frequency of micronucleated polychromatic erythrocytes (no) and the ratio
between polychromatic erythrocytes and normochromatic erythrocytes — PCE/NCE

Experimental groups ~ Micronucleus PCE/NCE

Female Male Female Male
Negative control 9.9+1.07 10.4 + 0.64 1.01 +0.08 1.02 £ 0.05
Positive control 0.5+0.27 0.7+£0.25 0.52 + 0.68 0.53+0.03
EAAR (2000 mg/kg) 1.1 +0.29 1.0+041 1.26 +0.12° 1.17 £ 0.04°

Valuesare expressed asmean £ SEM (standard error of the mean).n = 5. Statistical analyses were performed using
one-way ANOVA, followed by pos-test Tukey. aSignificant statistical differences when compared with negative
group (p < 0.05). b Significant statistical differences when compared with positive group (p <0.05).
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Table 4. Frequency of damage by the comet assay in rats treated orally with EAES

Groups Damage levels DDI
0 1 2 3 4
Female
Negative control 33.6+1.80 50.2 £1.80 9.2+235 5.2+0.96 16+0.67 0.91+0.07
Positive control 11+1.37 13.2+1.31 19.8+2.13 28.2+1.68 27.8+3.08 249 +0.07
EAAR (2000 mg/kg) 36.2 £3.45P 292 +1.77% 23.2+£2.69 9.6 £3.320 5.4 +1.02° 1.26 £0.11%
Male 0 1 2 3 4
Negative control 40.8 £5.17 444 +2.63 9.0+2.40 4.4+£0.50 14+116 0.81£0.09
Positive control 10+1.14 158+1.52 20.8+2.98 31+1.00 224 +156 2.40+0.04
EAAR (2000 mg/kg) 35.6 +£3.20P 30.6 £1.53% 22.6 £1.962 7.2+1.350 4+0.70b 1.13+£0.07%®

Values are expressed as mean + SEM (standard error of the mean). n = 5. Statistical analyses were performed using one-way ANOVA, followed by pos-test Tukey.
aSignificant statistical differences when compared with negative group (p < 0.05). Significant statistical differences when compared with positive group (p < 0.05). Class 0 —
indicates the lowest level of degradation; class 1 — low level of damage; class2 — medium level damage; class 3 —high level of damage; class 4- total damage. DDI: (damage

class times damage nu



6. ANEXOS
6.1 Parecer de aprovagdo da Comissdo de Etica no Uso de Animais

MINISTERIO DA EDUCACAD
PLIIIDAI;!M] UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FRO-REITORIA DE ENSING DE POS-GRADUACAD E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

Dourados-MS, 13 de fevereiro de 2023.

CERTIFICADO

Certificamos que a proposta intitulada "Awvaliacdo da toxicidade aguda,
subaguda e toxicogenética do extrato aquoso liofilizado dos caules de
Aristolochia ridicula.”, registrada sob o protocolo de n® 152021, sob a
responsabilidade de SILVTA APARECIDA OESTEREICH — que envolve a producao,
manutencio efou utilizacdo de animais pertencentes ao filo Chordata, subfio
Vertebrata (exceto o homem), para fins de pesguisa cientifica (ou ensino),
encontra-se de acordo com os preceitos da Lei n® 11.794, de 08 de outubro de
2008, do Decreto n® 6.899, de 15 de julho de 2009, e com as normas editadas
pelo Conselho Macional de Controle da Experimentacao Animal {(COMCEA), e faoi
aprovada pela Comissao de Etica no Uso de Animais (CEUA/URGD) da
Universidade Federal Da Grande Dourados, em reunido de 30/11/2021.

Finalidade { ) Ensing { X ) Pesquisa Cientifica
Vigéncia do projeto de | ooy 9077 5 16/02/2024
pesquisa 01/, &/02/.
Espécie/dinhagem/raca Rato heterogénico Wistar
NO de animais 70 animais - 30 machos e 40 fémeas
Pesa/idade 250-300g
Sexo 30 machos e 40 fémeas
Procedéncia Biotério Central UFGD

Daniela Torres Cantadoni

Coordenadora em exercicio CELAUFGD
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6.2 Cadastro da planta no Sistema Nacional de Gestdo do patrimonio genético e do
conhecimento tradicional associado (SISGEN)

Claudio Rodrigo Nogueira <claudiornogueira@ufgd.edu.br>

Sistema Nacional de Gestao do Patrimdnio Genético e do Conhecimento Tradicional Associado

1 mensagem

SisGen <sisgen@mma.gov.br> 24 de janeiro de 2024 as 10:10
Para: claudiomogueira@ufgd.edu,br

Senhor(a),
informamos que foi realizado cadastro de acessc abaixe identificado no SisGen.

Numero do Cadastro: AE2A578

Usuério: CLAUDIO RODRIGO NOGUEIRA

CPF/CNPJ: 08076016673

Objelo do Acesso: Patriménio ético e Conh Tradicional A iad
Data: 24/01/2024

Para visualizar o cadastro completo, acesse o SisGen.

SisGen

ema Nacional de Gestio do Patriménio Genético e do Conhecimento Tradicional Associa
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