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Avaliacio da toxicidade aguda, potenciais genotoxicos, imunomodulatorios e
investigacdo dos efeitos anti-hiperglicémicos do infuso liofilizado das folhas
de Aristolochia triangularis Cham.

RESUMO

O Cerrado brasileiro ¢ considerado um /4otspot mundial. Apesar de muitas espécies vegetais
serem utilizadas na alimentacao, na preven¢ao e no tratamento de diversas doencas, sabe-se que
somente o uso empirico nao ¢ suficiente para validar a seguranga de uma planta. Dessa forma,
estudos de toxicidade em associacdo a estudos farmacologicos sao necessarios para avaliar os
possiveis efeitos adversos e garantir a seguranga do uso. Além disso, podem elucidar os
potenciais medicinais ¢ farmacologicos das plantas dos biomas brasileiros, possibilitando,
futuramente, a descricao de fitoterapicos e a sintese e prospeccao de novos farmacos. Dentre as
plantas de uso popular, a Aristolochia triangularis, conhecida popularmente como “cipozinho-
pra-diabetes” e com ocorréncia comum nas regides Sul e Centro-Oeste, ¢ uma das 92
Aristolochia spp. catalogadas no Brasil até o momento. Sua relevancia para o estudo se justifica
pelo historico consideravel de utilizacdo da espécie vegetal na medicina popular para o
tratamento de diabetes, sendo também indicada para o tratamento de reumatismo, infecgdes e
feridas de pele. O 6rgao vegetal de 4. triangularis utilizado para tratar diabetes ¢ a folha, cujo
consumo ocorre na forma de cha, obtido pelo método de infusdo. E, apesar de tal uso popular
da espécie, ndo existem registros de estudos no Brasil que validem o uso seguro do infuso das
folhas e que corroborem suas propriedades farmacoldgicas. Neste sentido, o objetivo da
pesquisa foi avaliar a toxicidade aguda, estimar a dose letal mediana (DL50) em ratas tratadas
com a infusdo liofilizada (Inf-L) das folhas de A4. triangularis na dose de (2000 mg/kg).
Posteriormente, foi avaliado o potencial mutagénico do Inf-L nas doses de (0,62, 1,25; 2,5;
Smg/mL) em teste Ames e pelo Teste de Mutagdo e Recombinagdo Somatica (SMART) usando
os Cruzamentos Padrao (ST) e de Alta Bioativacao (HB) em asas de Drosophila melanogaster.
Para os ensaios de genotoxicidade e mutagenicidade in vivo, foram utilizados 50 ratos Wistar
de ambos os sexos, subdivididos em cinco grupos experimentais (5 animais de cada sexo): os
animais do grupo controle negativo foram tratados com 1 mL de veiculo via oral (v.0); trés
grupos Inf-L-At foram tratados por v.o com doses de (62,5, 125 e 250 mg/kg p.c, v.0); € 0 grupo
controle positivo recebeu via intraperitonial (50 mg/kg p.c de ciclofosfamida). A bioatividade
do Inf-L-At foi avaliada verificando o seu efeito na glicemia de 25 animais machos,
normoglicémicos e hiperglicémicos em 5 tempos (0, 15, 30, 60 e 180 minutos), subdivididos

em cinco grupos respectivamente: 1- Controle (Glicose 4000 mg/kg); 2- ((Glibenclamida (100



mg/kg) + (Glicose 4000 mg/kg)); e 3,4 e 5- ((Grupos Inf-L-At 62,5, 125 e 250 mg/kg) +
(Glicose 4000 mg/kg)). Foram determinados a curva glicémica e os efeitos do Inf-L-At no
conteudo de glicogénio hepatico e muscular e na atividade das dissacaridases (maltase, lactase
e sacarase) intestinais. A DL50 foi estimada acima de 2000 mg/kg, sendo que o Inf-L-At ndo
apresentou efeitos tdxicos a curto prazo, embora o peso absoluto do figado e peso relativo dos
rins, tenham se diferido significativamente do controle negativo. Ademais, pelo teste Ames, o
Inf-L-At em diferentes concentragdes foi mutagénico na linhagem TA100 com (S+) em fragao
microssomal, e indicou diagnostico positivo para efeitos mutagénicos nas concentracoes de 2.5
e 5.0 mg/mL, similarmente ao grupo DXR. In vivo, ratos de ambos os sexos, expostos as
diferentes doses do Inf-L-At, foram genotoxicos, com recrutamento de linfocitos no bacgo, e
aumento exponencial de fagocitose esplénica. Os ensaios de micronucleos em sangue periférico
e medula dssea, corroboram o potencial mutagénico atribuido ao Inf-L-At pelo teste Ames e
teste SMART. E apds 72 horas, as frequéncias de micronucleos foram diminuidas. Estes
resultados podem justificar-se pelo aumento de células em apoptose no figado e rins de animais
tratados com o composto nas respectivas doses. Pelo teste TOTG, o infuso apresentou ao longo
do protocolo de avaliagdo reducdo significativa da curva glicémica, similarmente a
glibenclamida. Com aumento expressivo no conteudo do glicogénio hepatico, no entanto apesar
dos efeitos anti-hiperglicémicos observados pelo Inf-L-At nas condigdes e doses utilizadas, ndo
ha correlacdo com a atividade das dissacaridades intestinais e glicogénio muscular, conforme
resultados para o modelo. Conclui-se, que o extrato aquoso da infusdo liofilizada das folhas de
A. triangularis (Inf-L-At) ndo exibiu toxicidade aguda em ratos Wistar. No entanto, nas
respectivas doses avaliadas, o Inf-L-At possui potencial a mutagenicidade in vitro e in vivo,
conforme descrito pelo teste Ames, teste de Microntcleo e teste SMART. Além disso,

constatou-se também potenciais efeitos hipoglicemiantes, similarmente a glibenclamida.

Palavras-chave: Cipd-de-mil-homens, DL50, Drosophila melanogaster, mutagénese, Teste

Ames, TOTG.



Assessment of acute toxicity, genotoxicity potential, immunomodulatory and
investigation of antihyperglycemic effects of lyophilized infuse Aristolochia
triangularis leaves Cham.

ABSTRACT

The Brazilian Cerrado is considered a global hotspot. Although many plant species are used in
food, prevention, and treatment of various diseases, it is known that empirical use alone is not
enough to validate the safety of a plant. Thus, toxicity studies associated with pharmacological
studies are necessary to evaluate the possible adverse effects and ensure safety for use. Also,
they can elucidate the medicinal and pharmacological potentials of plants from Brazilian
biomes, allowing, in the future, the description of phytotherapeutics and the synthesis and
prospection of new drugs. Among the plants of popular use, Aristolochia triangularis,
popularly known as "cipdzinho-pra-diabetes" and a common occurrence in the south and mid-
west regions, is one of the 92 Aristolochia spp. cataloged in Brazil so far. Its relevance to this
study is justified by the considerable history of use of the plant species in folk medicine to treat
diabetes. It is also indicated for the treatment of rheumatism, infections, and skin wounds. The
plant organ of A. triangularis used to treat diabetes is the leaf, whose consumption is in tea,
obtained by the infusion method. And despite such popular use of the species, there are no
records of Brazil studies that validate any safe use of the leaf infusion and corroborate its
pharmacological properties. In this sense, the research aimed to evaluate the acute toxicity,
estimate the median lethal dose (LD50) in rats treated with the lyophilized infusion (Inf-L) of 4.
triangularis leaves at a dose of (2000 mg/kg). Subsequently, the mutagenic potential of Inf-L
at doses of (0.62, 1.25; 2.5; 5Smg/mL) was evaluated in Ames test and by Somatic Mutation and
Recombination Test (SMART) using Standard (ST) and High Bioactivation (HB) crosses
in Drosophila melanogaster wings. For the in vivo genotoxicity and mutagenicity assays, 50
Wistar rats of both sexes were used, subdivided into five experimental groups (5 animals of
each sex): the animals in the negative control group were treated with 1 mL of the vehicle via
oral (v.0); three Inf-L-At groups were treated by v.o with doses of (62.5, 125, and 250 mg/kg
b.w., v.0); and the positive control group received via intraperitoneal (50 mg/kg b.w. of
cyclophosphamide). The bioactivity of Inf-L-At was evaluated verifying its effect on the blood
glucose levels of 25 male animals, normoglycemic and hyperglycemic in 5 times (0, 15, 30, 60
and 180 minutes), subdivided into five groups respectively: 1- Control (Glucose 4000 mg/kg);
2- ((Glibenclamide (100 mg/kg) + (Glucose 4000 mg/kg)); and 3,4 and 5- ((Groups Inf-L-At
62.5, 125 and 250 mg/kg) + (Glucose 4000 mg/kg)). The glycemic curve and the effects of Inf-
L-At on liver and muscle glycogen content and the activity of intestinal disaccharidases
(maltase, lactase, and saccharase) were determined. The LD50 was estimated to be above 2000
mg/kg, and Inf-L-At showed no short-term toxic effects. However, the absolute liver weight
and relative kidney weight differed significantly from the negative control. Furthermore, by the
Ames test, Inf-L-At at different concentrations was mutagenic in strain TA100 with (S+) in
microsomal fraction and indicated positive diagnosis for mutagenic effects at concentrations of
2.5 and 5.0 mg/mL, similarly to the DXR group. In vivo, rats of both sexes exposed to different
doses of Inf-L-At were genotoxic, with recruitment of lymphocytes in the spleen, and an
exponential increase in splenic phagocytosis. Micronucleus assays in peripheral blood and bone
marrow corroborate Inf-L-At's mutagenic potential attributed to Inf-L-At by the Ames test and
SMART test. And after 72 hours, the frequencies of micronuclei were decreased. These results
may be justified by increasing apoptotic cells in the liver and kidneys of animals treated with
the compound at the respective doses. By the TOTG test, the infusion showed a significant
reduction in the glycemic curve throughout the evaluation protocol, similarly to glibenclamide.



However, despite the antihyperglycemic effects observed by Inf-L-At in the conditions and
doses used, there is no correlation with the activity of intestinal disaccharides and muscle
glycogen, according to the results for the model. It is concluded that the aqueous extract of the
lyophilized infusion of 4. triangularis leaves (Inf-L-At) did not exhibit acute toxicity in Wistar
rats. However, at the respective doses evaluated, Inf-L-At has potential for mutagenicity in vitro
and in vivo, as described by the Ames test, Micronucleus test, and SMART test. In addition, it
also has potential hypoglycemic effects, similar to glibenclamide.

Keywords: Cip6-de-mil-homens, LD50, Drosophila melanogaster, mutagenesis, Ames test,

OGTT.
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1. INTRODUCAO

Intimeras plantas medicinais representam, por vezes, o Unico recurso terapéutico de
muitas comunidades. Em seu uso tradicional, sdo capazes de prevenir, aliviar ou curar
enfermidades e sua utilizacdo remete aos primordios da humanidade até os tempos modernos,
sendo objetos de estudo em diversas areas, como fitoquimica, farmacognosia e farmacologia
(MENDANHA et al., 2010).

Nas ultimas décadas, o uso de plantas medicinais aumentou significativamente em
varias regides no mundo, seja como fitoconstituintes empregados na medicina tradicional ou
como matéria-prima para a producao de alimentos (HARVEY, 2000; FRANCA et al., 2007;
ANVISA, 2014; 2020; BOAS et al., 2018). De acordo com a Organizagdo Mundial da Saude
(OMS), entre 70 e 80% da populacdo mundial depende exclusivamente das plantas para
tratamentos primarios de saude (CHAN, 2003; MUHAMMAD et al., 2011).

Paralelamente, apesar da existéncia de muitas metodologias para sintese de novos
produtos farmacéuticos, as plantas e outros produtos naturais representam as principais fontes
para pesquisa de novas identidades moleculares, principalmente por expressarem constituintes
de dificil obtencao pela sintese quimica (HARVEY, 2000; KUSKOSKI et al., 2006; MUNARI
etal.,2010; ROCHA, 2011). Ademais, os compostos obtidos a partir de fontes naturais também
podem servir como protdtipos para a producdo de novos medicamentos com atividades
bioldgicas e terapéuticas similares aos de uso corrente, ou entdo ser ligeiramente modificados
para torna-los mais efetivos e/ou menos toxicos (HARVEY, 2000; TUROLLA;
NASCIMENTO, 2006; MUNARI et al., 2010; REGNER et al., 2011).

Embora séculos de uso tradicional de plantas medicinais por diversas populacdes
sugerem seguranca quanto ao uso, contrariamente aos medicamentos alopaticos, a toxicidade
de orgdos vegetais ou at¢é mesmo de medicamentos fitoterapicos tradicionais ndo foi
completamente avaliada na maioria das espécies vegetais, o que oferece riscos a saude humana
(BRASIL, 2018; SOUSA; SANTOS; ROCHA, 2019). Este fato ¢ corroborado por diversos
estudos que relatam potencial genotdéxico em plantas frequentemente utilizadas na medicina
tradicional (MARQUES et al., 2003; ANANTHI; CHANDRA; SANTHIYA, 2010; MELO et
al., 2011; REIS et al., 2011; SHIN et al., 2011).

Apesar do risco iminente a satide, devido ao potencial téxico desconhecido de muitos
vegetais de uso popular, a utilizacdo de plantas, consumidas principalmente na forma de chas,
¢ frequentemente empregada no controle e tratamento de diversas doencas cronicas, incluindo

o manejo de diabetes. Sendo esta pratica difundida no mundo, com descricdo de
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aproximadamente 1.200 espécies vegetais com uso para fins terapéuticos (MARLES;
FARNSWORTH, 1995; TROJAN-RODRIGUES et al., 2012).

A titulo de outro exemplo, destaca-se o trabalho de Trojan-Rodrigues et al, (2012), os
quais publicaram uma compilagdo de um total de 81 espécies vegetais, distribuidas em 42
familias angiospérmicas, comumente empregadas como antidiabéticos na regido sul do Brasil,
em especial na medicina popular do Rio Grande do Sul (MARLES; FARNSWORTH, 1995;
TROJAN-RODRIGUES et al., 2012).

Inserida no contexto supracitado esta a familia Aristolochiaceae, constituida por quatro
géneros e aproximadamente 600 espécies distribuidas predominantemente em regides tropicais,
subtropicais e temperadas no planecta (CAPELLARI JR 2001; NOGUEIRA, 2010;
NOGUEIRA; LOPES, 2012). As Aristolochiaceae, especialmente aquelas dos géneros
Aristolochia e Asarum, sdo largamente utilizadas na medicina tradicional e homeopatica, além
disso, sdo utilizadas em rituais (WHO, 2004; NOGUEIRA; LOPES, 2012; NITZSCHE;
MELZIG; ARLT, 2013). Além de serem utilizadas para o tratamento de diabetes, também ha
relatos de outras aplicagdes farmacoldgicas: 1) cancer, ii) complicacdes gastrointestinais, iii)
envenenamento e picadas de cobra, iv) maldria e verminose e v) condi¢des ginecoldgicas,
dermatoldgicas, cardiovasculares e dos sistemas cardiovascular e nervoso central (HEINRICH
et al., 2009).

A Aristolochia triangularis Cham. (Aristolochiaceae), conhecida popularmente como
“cip6zinho-pra-diabetes” e com ocorréncia comum no Brasil, ¢ uma das 92 Aristolochia spp.,
catalogadas no pais at¢ o momento. Ela possui um histérico consideravel de utilizagdo na
medicina popular para o tratamento de diabetes, sendo também indicada para diversos outros
propositos medicinais, como o tratamento de reumatismo, infec¢des, doencas e feridas de pele
(HEINRICH et al.,, 2009; PEREIRA et al., 2018; TROJAN-RODRIGUES et al., 2012;
VIBRANS et al., 2018).

Em 2019, o diabetes foi considerado um dos maiores problemas de satide publica no
mundo (PORTAL FIOCRUZ, 2019a; SBD, 2019a). De acordo com a Organiza¢cdo Mundial da
Satde (OMS), nas ultimas décadas, houve aumento exponencial no nimero de casos de
diabéticos (PORTAL FIOCRUZ, 2019a, 2019b). Desde 1980, o numero de pessoas vivendo
com a doenca quadriplicou, alcangcando, em 2014, alarmantes 422 milhdes de casos e, em 2019
atingiu 463 milhdes de pessoas. Possivelmente, tal crescimento esta relacionado a prevaléncia
da obesidade, aos maus habitos alimentares e ao estilo de vida cada vez mais sedentério (DA
CONCEICAO; SILVA; BARBOSA, 2017). Ademais, a taxa de mortalidade também tem

crescido significativamente, porquanto niveis elevados de glicose representam um sério fator
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de risco, por exemplo, para doengas cardiovasculares (CONCEICAO; SILVA; BARBOSA,
2017; PORTAL FIOCRUZ, 2019a; SBD, 2019a).

Tais dados alarmantes, por si sO, justificam a necessidade crescente e urgente pela
descoberta e pelo desenvolvimento de novos métodos terapéuticos, eficazes e seguros para
tratar pacientes com diabetes (CONCEICAO; SILVA; BARBOSA, 2017; PORTAL
FIOCRUZ, 2019a; SBD, 2019a). Destaca-se que a utilizagdo de fitoterapicos e produtos
naturais com atividades hipoglicemiantes tem sido amplamente reconhecida como sendo um
caminho bastante promissor para amenizar o problema da diabetes (BRAHMACHARI, 2016).

Entretanto, a escassez de estudos com plantas medicinais, que inclui a espécie A.
triangularis, sugere o desenvolvimento de novas pesquisas que deverdo se empenhar em
demonstrar o potencial de toxicidade aguda, bem como os potenciais efeitos genotdxicos e
mutagénicos do infuso liofilizado (Inf-L) das folhas desta planta. A partir do exposto, aa
presente pesquisa, justifica-se pela: 1) Necessidade de novas terapias antidiabetes mais
eficazes, com indices de efeitos adversos reduzidos e acesso a populacdo maximizado; ii)
Distribui¢do geografica e abundancia de A. triangularis em territorio brasileiro e; iii)
Necessidade de estudos aprofundados sobre a seguranga acerca do consumo desta planta.

Portanto, o objetivo deste estudo foi avaliar os potenciais efeito hipoglicemiante,
toxicidade aguda, genotoxicidade e mutagenicidade do infuso liofilizado de folhas de A4.
triangularis (Inf-L-At) em ratos, e mutagenicidade pelo teste Ames e Teste de Mutacdo e
Recombinac¢do Somaticas (SMART), com base no que preconizam as agéncias reguladoras
Food and Drugs Administration (FDA), Organisation for Economic Cooperation and
Development (OECD) e Agéncia de Vigilancia Sanitaria (ANVISA).

2. REVISAO DE LITERATURA

2.1. Plantas medicinais e fitoterapicos

A utilizacao de plantas com fins medicinais para prevengdo, tratamento e/ou cura de
doencas ¢ uma das praticas mais antigas da humanidade. No inicio da década de 1990, a OMS
divulgou que aproximadamente 80% da populagdo dos paises em desenvolvimento dependiam
das plantas medicinais como tnica forma de acesso aos cuidados basicos de saude (AKERELE,

1993).
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No contexto historico, a legislag@o brasileira para medicamentos fitoterapicos, produtos
naturais e plantas medicinais, ao longo dos ultimos vinte anos, sofreu altera¢des significativas.
Em 1967, foi publicada a primeira regulamentacao do uso de fitoterapicos e, somente em 31 de
janeiro de 1995, foi elaborada a primeira modificagdo no registro desses produtos no Brasil,
pela Portaria SVS/MS n® 6. Com isso, estabeleceram-se prazos para que as industrias
farmacéuticas testassem e divulgassem dados da eficacia terapéutica e seguranca no uso dos
medicamentos fitoterapicos (ANVISA, 2010; SILVA et al.,2001).

Posteriormente, foram realizadas outras quatro modificagdes no documento sendo,
respectivamente, publicadas em: a) RDC n° 17, de 24 de fevereiro de 2000 (ANVISA, 2000),
que disp0s sobre os registros de medicamentos fitoterapicos e produtos naturais; b) RDC n° 48,
de 16 de marco de 2004, na qual se aprovou o Regulamento Técnico, atualizando nova
normatizacdo para renovagcdo do registro de medicamentos fitoterdpicos registrados
anteriormente ao ano 1995 e tornando obrigatdrios os relatérios de eficacia, seguranca e
controle de qualidade (ANVISA, 2004); ¢c) RDC n° 14, de 31 de margo de 2010, em que se
inseriram, como praxes, consultas as metodologias farmacopeicas, nacionais e internacionais,
destacando novas exigéncias para avaliacdo de aflatoxinas e testes fisico-quimicos dos produtos
vegetais (ANVISA, 2010); e d) RDC n° 26, de 13 de maio de 2014, em vigor, que dispde sobre
as categorias de medicamentos fitoterapicos e produtos tradicionais fitoterapicos e estabelece
0s requisitos minimos para o registro e renovagao (ANVISA, 2014).

A OMS define planta medicinal como sendo "todo e qualquer vegetal que possui, em
um ou mais 0rgaos, substancias que podem ser utilizadas para fins terapéuticos ou que sejam
precursores de farmacos semissintéticos (WHO et al.,, 1998; VEIGA JUNIOR; PINTO;
MACIEL, 2005). Dessa forma, a principal diferenga entre planta medicinal e fitoterapico € que
este se caracteriza pela elaboragdo da planta para uma formulagao especifica (RATES, 2001).

Corrobora-se, entdo, a portaria n® 6 de 31 de janeiro de 1995, publicada pela ANVISA,
em que se definem fitoterapicos como sendo "todos medicamentos tecnicamente obtidos e
elaborados exclusivamente com matérias-primas vegetais e com finalidade profilatica, curativa
ou para finalidade diagnoéstica, visando beneficio para o usudrio” (ANVISA, 2020). Outrossim,
além de serem utilizadas como medicamentos, as plantas também sdo consumidas como
alimentos em todo o mundo (DE CARVALHO et al., 2010). Sendo assim, as populacdes que
fazem uso de vegetais devem conhecer as principais informagdes de seguranca para evitar danos
a saude provocados pelo consumo inadequado (ANVISA, 2010; CARVALHO et al., 2010;
SHIN et al., 2011).
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A despeito disso, estudos prévios de Raynor et al. (2011) demonstraram que
aproximadamente trés quartos de produtos comerciais a base de plantas medicinais nao
continham informagdes de seguranca para o uso. E apesar do amplo consumo destas plantas
como medicamentos, a utilizagao desses recursos ocorreu sem a devida comprovacao cientifica
de suas propriedades farmacoldgicas e potencial toxicologico (FRANCA et al., 2007;
SILVEIRA et al., 2008; ANVISA, 2020).

Ainda nesse sentido, contextualizado como um sério problema de satde publica, o
potencial toxico de plantas medicinais e seus efeitos adversos sdo frequentemente associados a
riscos de hipersensibilidade e intoxicagdes e as interacdes medicamentosas com outras drogas
alopaticas ocasionam possiveis agdes sinergéticas ou antagénicas (VEIGA JUNIOR; PINTO;
MACIEL, 2005; DE CARVALHO et al., 2010). Contudo, as pesquisas realizadas para
avalia¢do do uso seguro de plantas medicinais e fitoterdpicos no Brasil ainda sdo incipientes,
assim como a fiscalizagdo ¢ o controle comercial pelos o6rgdos oficiais em feiras livres,
mercados ou lojas de produtos naturais (VEIGA JUNIOR; PINTO; MACIEL, 2005).

Neste cendrio, estudos farmacoldgicos em associagdo as pesquisas etnobotanicas,
quimicas e agrondmicas tornam possivel a ampliacdo do conhecimento cientifico de plantas
medicinais, com a elucidagdo de como elas agem, quais s3o os seus efeitos toxicos e colaterais,
€ como seriam suas interacdes com novos medicamentos alopaticos. Além disso, contribuem
com a elaboragdo de estratégias para o controle de qualidade e produgdo de fitoterapicos,
atendendo as novas normas das agéncias reguladoras. (ARAUJO, 2017; TRAESEL et al., 2017,
ANVISA, 2020).

2.2. A familia Aristolochiaceae

A familia Aristolochiaceae ¢ caracterizada por um grupo de plantas floriferas com
distribuicdo predominantemente em regides tropicais e subtropicais do planeta (WANKE;
GONZALEZ; NEINHUIS, 2006; BERJANO et al., 2009; LI; NOGUEIRA; LOPES, 2012;
WANG, 2014).

Esta familia € classificada na ordem Piperales (BERJANO et al., 2009; NOGUEIRA;
LOPES, 2012), conforme diversos sistemas de classificagao propostos para Aristolochiaceae
(Tabela 1) (GONZALES; STEVENSON, 2002; OHI-TOMA et al., 2006; WATANABE;
KAJITA; MURATA, 2006). A sistematica de Aristolochiaceac mudou consideravelmente com

o avanco da filogenética molecular, bem como diversos outros grupos de angiospermas.
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Usualmente, essa familia ¢ dividida em duas subfamilias: Asaroideae, a qual inclui os géneros
Asarum e Saruma; e Aristolochioideae, que abrange os géneros Aristolochia sensu lato (s.l) e
Thottea (WATANABE, KAJITA, MURATA, 2006). Estudos de revisdo descritos por
Gonzalez e Stevenson (2002) propuseram a observacdo das relagdes filogenéticas de
Aristolochiaceae com base em andlise cladistica de caracteres morfologicos. Estes
posteriormente dividiram Aristolochia sensu lato em quatro géneros, sendo eles Aristolochia s.
str., Pararistolochia, Endodeca, e Isotrema, distribuidos em duas subtribos (GONZALES;
STEVENSON, 2002).

Esta analise corrobora a reconstru¢ado filogenética da familia Aristolochiaceae proposta
por Ohi-Toma et al. (2006), a qual foi baseada em sequéncias nucleotidicas em associagao a
caracteres morfoldgicos e outros dados moleculares. De acordo com dados de todas as arvores
filogenéticas reconstruidas, sugere-se que a Aristolochia (s.l) ¢ monofilética e organizada
especialmente em duas linhagens, sendo elas: Aristolochiinae e Isotrematinac. Em
concordancia com Gonzéles e Stevenson (2002), ambas se subdividem em outras duas sub-
linhagens, sendo que a  Aristolochiinae  subdividide-se = subsequentemente
em Aristolochia sensu stricto e Pararistolochia, ¢ o clado Isotrematinae se ramifica em
Isotrema e Endodeca (NOGUEIRA; LOPES, 2006; OHI-TOMA et al., 2006).

Entre as Aristolochiaceae brasileiras, diversas possuem uso na medicina popular. No
que diz respeito ao potencial terapéutico descrito, destacam-se: 1) Efeito anti-inflamatoério, anti-
reumatico, antisséptico (Aristolochia triangularis) (CORREA; BIASI, 2003); ii) Efeito
antiofidico, sudorifico, broncodilatador e abortivo (Aristolochia birostris) (FRANCA et al.,
2005); 111) Efeito antimicrobiano (Aristolochia longa L.) (DHOUIOUI et al., 2016); iv)
Tratamento de transtornos gastrointestinais (Aristolochia trilobata L)) (GOIS et al., 2016); e v)
Efeito hipotensivo, antimalarico e antidiabetes (Aristolochia triangularis e Aristolochia
esperanzae) (BOLSON et al., 2015; DE ALVARENGA et al., 2017).

Entretanto, para muitas espécies dessa familia de plantas, infelizmente, ndo se possuem
conhecimentos cientificos basicos acerca de sua biologia, perfil fitoquimico, efeito bioldgico,
eficacia farmacologica ou perfil toxicologico, sendo necessario assim o desenvolvimento de
novos estudos para validacdo do uso seguro, frente ao uso na medicina popular (VEIGA

JUNIOR; PINTO; MACIEL, 2005; MELO et al., 2017).
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Tabela 1. Classificagdo taxonomica da espécie Aristolochia triangularis

Classe Angiospermae
Subclasse Magnoliidea
Ordem Piperales
Superordem Magnoliiflorae
Familia Aristolochiaceae
Género Aristolochia
Espécie Aristolochia triangularis

Fonte: o autor (2021).

2.2.1. O género Aristolochia (s.l) e a espécie A. triangularis

Atualmente, da flora brasileira, sdo conhecidas cerca de 92 espécies do género
Aristolochia (s.l) o qual representa o género mais numeroso da familia Aristolochiaceae
(HOEHNE, 1942; BERJANO et al., 2009; NOGUEIRA; LOPES, 2012). Estas tratam-se de
ervas, arbustos, subarbustos e trepadeiras voluveis (Figura 1) (HOEHNE, 1942; BERJANO et
al., 2009; NOGUEIRA; LOPES, 2012).

Sdo caracterizadas como plantas floriferas e, em sua morfologia floral, inclui-se o
perianto monoclamideo, zigomorfo, com sépalas petaloides, organizadas e fusionadas em
estrutura tubular composta pelo tubo inferior e tubo superior (HOEHNE 1927; VIANA et al.,
2016). A porgdo terminal do tubo superior é conectada aos labios que margeiam a fauce
(abertura do tubo da corola) e, subsequentemente, o androceu e gineceu estdo fusionados
juntamente ao ginostémio e ovario infero (HOEHNE 1927; VIANA et al., 2016). Assim, essas
caracteristicas atribuidas as espécies do gé€nero tornam possiveis as adaptagdes em relagao ao
mecanismo de polinizagdo por diversos grupos de dipteros (Figura2) (SAKAI2002; RULIK et
al., 2008; VIANA et al., 2016).

Destas espécies, a maioria habita bordas de matas, apesar de algumas espécies também
ocorrerem em regides descampadas, e sao registradas nos seguintes dominios fitogeograficos:
Amazonia, Caatinga, Cerrado, Mata Atlantica e Pampa (SOUZA; LORENZI, 2005).

A espécie Aristolochia triangularis Cham é nomeada popularmente como “cipd mil-hombres”,
“mil hombres”, “cipd-mil-hombre” na Argentina e Paraguai, e “Cipo-mil-homens” ou
“cipozinho-pra-diabetes” no Brasil, sendo entdo um etnobotanico verdadeiro por possuir mais
de um nome popular. Essa planta ¢ nativa da América do Sul, ha registros no Paraguai, na

Argentina, e no Brasil ocorre nas regides sul, sudeste e centro-oeste, embora seja mais comum


http://www.scielo.br/scielo.php?pid=S2175-78602018000301055&script=sci_arttext#B30
http://www.scielo.br/scielo.php?pid=S2175-78602018000301055&script=sci_arttext#B29
http://www.scielo.br/scielo.php?pid=S2175-78602018000301055&script=sci_arttext#B29

25

no Rio Grande do Sul (GONZALES; STEVENSON, 2002; BERJANO et al., 2009; CASELLI;
SETZ, 2011; BOLSON et al., 2015).

No municipio de Dourados, MS, a 4. triangularis é de ocorréncia comum, apresenta um
histérico importante de utilizacdo na medicina popular para o tratamento de diabetes e outros
propositos medicinais, como o tratamento de reumatismo, infec¢des, doencas e feridas de pele
(TROJAN-RODRIGUES et al., 2012; HEINRICH et al., 2018; PEREIRA et al., 2018;
VIBRANS et al., 2018). Além disso, diversas outras finalidades medicinais sdo atribuidas para
A. triangularis: o estudo desenvolvido por Bolson e colaboradores (2015), por exemplo, revelou
de forma ampla que as folhas e caules da espécie foram macerados, e a decoc¢do e infusao
foram amplamente utilizados na medicina popular, para tratamento obstétrico, doencas do
sistema gastrointestinal, trato urinario, doencas cardiovasculares, doencas osteomusculares e de
articulacoes.

Somando-se a isso, utiliza-se preferencialmente, o infuso das folhas de A. triangularis
para tratamentos como antidiabético, anti-inflamatério, antirreumatico, antisséptico,
descongestionante e de sistema circulatério. Ademais, também ¢ usada para desintoxicacao
venosa, gripe, hematomas cutaneos, controle e abstinéncia de nicotina, enxaqueca, dor de
estdbmago, menopausa, contra impoténcia, ¢ como antidoto abortivo (VENDRUSCOLO;
MENTZ, 2006; BAPTISTA et al., 2013; BATTISTI et al., 2013; KUJIAWSKA; HILGERT,
2014). Entre os principais estudos etnofarmacologicos descritos na literatura, destaca-se a
investigagdo do potencial terapéutico e a biosseguranca farmacologica de 4. triangularis. Foi,
por exemplo, verificado que o extrato diclorometinico de raizes da espécie vegetal possui
eficicia anti-inflamatoria similar a agdo do farmaco comercial fenilbutazona (MUSCHIETTI
et al., 1996).

Battisti et al. (2013) corroboram as demais pesquisas, € descrevem que a espécie ¢
tradicionalmente utilizada para fim medicamentoso e seu consumo ¢ em forma de cha apds
producao do infuso das folhas. Contudo, também descrevem na literatura o uso de metodologias
de decocgdo, maceracdo e até o uso de etanol para auxiliar na extragdo domiciliar. Relatos
prévios sugerem que os métodos de preparacdo podem variar muito, embora as seguintes
propor¢des de preparo sejam mais frequentes, e com significincia: 1) 5g e 50g (medidas
estimadas de uma colher de café e xicara de café, respectivamente) de planta/L de agua e ii)
0,01 g/mL (1%; m/v) a 0,4 g/mL (40%; m/v), com destaque para a proporcao de 10% (m/v).

Schvartzman e colaboradores (1977) descreveram os efeitos citoldgicos de infusdes de
ramos de A. triangularis. Outros estudos evidenciaram os efeitos da decocgdo de caules

secundarios sobre o ciclo celular de meristemas de Allium cepa (AMAT et al., 2002) e da
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atividade antimicobacteriana de uma bebida hidroalcodlica preparada do vegetal (OLIVEIRA
et al., 2007). Ademais, dados publicados por Pereira et al. (2018) demonstraram que o extrato
metanolico de rizomas e de raizes de A. triangularis, bem como algumas substincias isoladas
dele, possuiam bioatividades promissoras sobre patdogenos microbianos e, em certos casos,
comparavel ou melhor que aquelas dos farmacos comerciais ampicilina e cloranfenicol.
(PEREIRA et al., 2018).

Silva e colaboradores (2019) investigaram o extrato aquoso de A. triangularis e
observaram agdo citotoxica pelos bioensaios de Artemia salina e Allium cepa. Portanto, os
estudos propdem que sejam realizados novos bioensaios para valida¢ao do uso seguro, além da

exploragdo do potencial farmacologico desta espécie vegetal.

Figura 1. Visio geral da Aristolochia triangularis. Fonte: o autor (2019).



Figura 3. A. triangularis — folhas em destaque. Fonte: o autor (2019).
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2.2.2. Composiciao quimica e aspectos metabolomicos

A quimica de Aristolochiaceae tem sido amplamente estudada e compilada em diversos
artigos de revisdao. Essa familia vegetal produz metabolitos secundarios pertencentes a varias
classes quimicas, ocorrendo mais frequentemente: lignoides, terpenoides, alcaloides, alcamidas
e flavonoides (LEITAO; KAPLAN, 1992; LOPES; NASCIMENTO; SILVA, 2001; KUMAR
et al., 2003; WU et al., 2004; PACHECO et al., 2009; NOGUEIRA, 2010).

Segundo Francisco et al. (2008), os perfis quimicos das espécies brasileiras de
Aristolochia diferem-se significativamente entre si, com certas classes de micromoléculas
muitas vezes sendo especificas de uma ou poucas espécies desse género. Bicubetinas, por
exemplo, ocorrem em Aristolochia lagesiana e Aristolochia pubescens, e bi- e tetraflavonoides
em Aristolochia ridicula. J4 a alantoina, agucares, acidos aristoloquicos e lignanas
furofuranicas e butirolactonicas, sdo bastante comuns em Aristolochia (PACHECO et al., 2009;
NOGUEIRA, 2010).

Os principais achados a respeito da composi¢ao quimica dos caules, rizomas, folhas e
raizes de A. triangularis evidenciaram um total de 48 compostos - uma lignana furofuranica,
uma lignana dibenzilbutidnica, dez lignanas dibenzilbutirolactonicas e duas
dibenzilbutirolactolicas, trés triterpenos, doze diterpenos cauranicos, dois alcaloides
aporfinicos, trés alcaloides dioxoaporfinicos, um alcaloide tetrahidrobenzilisoquinolinico, oito
aristolactamas e cinco 4cidos aristoloquicos (RUCKER et al., 1978, 1981; LOPES et al., 1990;
PRIESTAP et al., 1990; LEITAO etal., 1991; LIN et al., 1997; MICHL et al., 2016; PEREIRA
et al., 2018). Entre eles, somente a aristolactama I e os 4cidos aristoloquicos I, II, C e D foram,
até o momento, identificados em folhas de A. triangularis por meio de analises metabolomicas
baseadas em CL-EM e RMN. Para melhor visualizagdo, ilustra-se a composi¢do quimica
preliminar do ché das folhas de A. triangularis, corroborando o que ha na literatura, e além
disso, mostrando substancias até entdo inéditas nesta espécie, entre elas, lignanas, alcaloides,

flavonoides e outros derivados (Figura 4-7).
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Fonte: Nogueira (2021).
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Fonte: Nogueira (2021).

Estudos recentes demonstraram que os metabolitos especiais € comuns no género

Aristolochia possuem amplo espectro de atividades bioldgicas, a saber:

1) as lignanas



31

ariltetralonicas isoladas de Aristolochia holostylis apresentaram potencial antiplasmoddico, (DA
SILVA; LOPES, 2006); ii) a aristolamida II, oriunda de 4. manshurienses, demonstrou
atividade anti-inflamatéria (CHUNG et al., 2011); iii) a neolignana licarina A foi
potencialmente ativa contra tuberculose (LEON-DIAZ et al., 2013); iv) estudos com extrato
metanolico de folhas da espécie A. cymbifera revelaram que metabdlitos presentes nesse 6rgao
vegetal apresentaram atividade contra promastigotas de Leishmania chagasi, além de que,
posteriormente, apos o fracionamento destes compostos, o diterpeno acido copalico demostrou
alta toxicidade sobre o parasita L. chagasi (TEMPONE et al., 2008); e v) com isolamento de
diterpenos cauranicos e lignanas cubeninas de A. triangularis (GUETCHUENG, 2017), ap6s
investigagdo acerca dos efeitos bioldgicos dos metabolitos, observou-se atividade antidiabética,
analgésica, anti-inflamatoria e antioxidante.

Outrossim, ¢ importante ressaltar que, apesar da presencga de metabolitos com atividades
bioldgicas promissoras para o uso terapéutico, nesta espécie também ha outras micromoléculas
comuns a familia Aristolochiaceae, como os acidos aristoloquicos I e 11, que estdo associados
a efeitos genotoxicos, carcinogénicos e nefrotoxicos, conforme evidéncias cientificas

(HOLZBACH, 2018; MICHL et al., 2018).

2.2.2.1. Acidos aristoloquicos e aristolactamas

Atualmente, os acidos aristoloquicos (AAs) e as aristolactamas (ALs) sdo caracterizados

como derivados fendntrenicos, os quais apresentam estruturas contendo um grupo &cido
carboxilico (-COOH) ligado em C-1 e um grupamento nitro (-NOz) ou um grupamento
lactamico (CONH) em C-10 respectivamente (Figura 8) (HOLZBACH, 2018).
Estas substincias sdo amplamente distribuidas em espécies da familia Aristolochiaceae,
principalmente nos géneros Aristolochia e Asarum, também estdo presentes algumas espécies
de borboletas (Lepidopitera) da subtribo Troidina, as quais se alimentam de plantas da
respectiva familia (MICHL et al., 2014; YU et al., 2016; HOLZBACH, 2018).

Entre os metabolitos especiais descritos em espécies de Aristolochias, os mais
recorrentes em relatos de pesquisas sdo os AAs e a aristolactama (derivada dos acidos). Esse
grande nuimero de publicagdes ¢ justificado pela preocupagdo em relacdo ao potencial
mutagénico em associagdo a atividade nefrotoxica, atribuido aos AAs, que causa disturbios e
doengas renais e possuem tendéncias carcinogénicas (MILICHOVSKY et al., 2016; ZINGA et
al., 2016; JADOT et al., 2017). Ademais, tais estudos corroboram as analises realizadas por

Heinrich e colaboradores (2009), correlacionando o crescente numero de evidéncias de
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nefropatia em populacdes da China e Europa com a bioatividade dos AAs, presentes em quase
todos as espécies de Aristolochia (LIN et al., 1997; HEINRICH et al., 2009; STIBOROVA et
al., 2013; SCHMEISER et al., 2014; SORAIA; RAMOS, 2015; MILICHOVSKY et al., 2016;
ZINGA et al., 2016; JADOT et al., 2017).

Nesse contexto, 0 mecanismo bioquimico associado a carcinogénese e nefrotoxicidade
dos AAs se deve a ligagdo quimica que o ion nitrénio de aristolactama faz com a guanina e
adenina dos DNAs das células (Figura 8). Estas mutag¢des adquiridas nao sdo reparaveis pelas
células e, subsequentemente, promovem nefrotoxicidade e possiveis danos ao DNA (MICHL

etal., 2014; JADOT et al., 2017).

2.2.2.2. Compostos fenolicos, flavonoides e atividade antioxidante

De acordo com a rota biossintética, os metabodlitos secundarios sio classificados em trés
grupos principais, sendo eles: 1) alcaloides, que se caracterizam pela presenca de um atomo de
nitrogénio ligado a estruturas ciclicas compostas por cinco ou seis dtomos de carbono; ii)
terpenos e esteroides, constituidos de unidades precursoras isoprenoidicas e formadas pelo
arranjo de cinco atomos de carbono; e iii) compostos fenolicos, que representam compostos
com um anel aromatico substituido por um ou mais grupamentos hidroxila (-OH). Este ultimo,
no entanto, € caracterizado por uma grande diversidade estrutural. Além disso, inimeros outros
metabolitos ndo se enquadram em nenhum desses trés grupos (HARBONE; BEXTER; MOSS,
1999; KAPPEL, 2012).

Os compostos fenolicos distribuidos em abundancia nos vegetais sdo os flavonoides,
cuja estrutura € caracterizada por um ou mais nucleos aromaticos, contendo substituintes
hidroxilados e/ou derivados funcionais (ésteres e glicosideos) (KAPPEL, 2012). Os flavonoides
sao biossintetizados a partir de uma unidade fundamental denominada 2-fenilbenzopirona, que
¢ constituida por dois anéis fendlicos ligados a uma ponte de trés atomos de carbono (Figura 9)
(HARBONE; BEXTER; MOSS, 1999). Estes compostos ocorrem em duas formas distintas -
uma delas ¢ em conjugacdo com agucares (heterosideo ou glicosideo), e a outra na forma livre,
sem ligagdes com aglcares (aglicona ou genina). Nesta ultima forma, a ligacao entre a genina
e 0 agucar geralmente ocorre por intermédio de uma hidroxila (O-heterosideos) ou por um
atomo de carbono (C-heterosideos) (ZUANAZZI; MONTANHA, 2004; ANDERSEN;
MARKHAM, 2006; KAPPEL, 2012).
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Figura 8. Esquema da interagdo dos acidos aristoloquicos com moléculas do DNA. Fonte: O autor (2020).

Figura 9. Estrutura basica de um flavonoide. Fonte: Heim; Tagliaferro; Bobilya (2002).

Diversos pesquisadores destacam a atividade antioxidante observada em flavonoides e
suas subclasses. Os compostos antioxidantes sdo representados por agentes capazes de doar

radicais livres, elétrons, ou 4atomos de hidrogénio. Além disto, também apresentam agdo
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preventiva ou inibitoria na formacdo de espécies reativas, ¢ amenizam o estresse oxidativo
(MOUKETTE et al., 2017). Tais substancias sdo usualmente divididas em dois grupos: a)
Enzimatico, que compreende enzimas enddgenas como a superoxido redutase (SOD) e catalase
(CAT), e b) Nao enzimatico, constituido pelas vitaminas, licopeno, bilirrubina e flavonoides
(DE VASCONCELOS et al., 2014; BOAS et al., 2018).

Muitas outras atividades farmacoldgicas sdo atribuidas aos flavonoides, a saber, os
processos secretorios da resposta inflamatdria; a atividade sobre enzimas, receptores ou
carreadores; atividades antimicrobiana, antitrombotica e antialérgica; e a¢ao antioxidante e
hipoglicemiante (NOROOZI, 1998; HODEK; TREFIL; STIBOROVA, 2002; MOTA et al.,
2009; KAPPEL et al., 2013; BOAS, et al., 2018;). Ademais, estudos recentes sobre o potencial
bioldgico de flavonoides mostram que essas micromoléculas possuem atividades regulatorias
em células B pancreaticas. Dessa forma, propiciam elevagao na produ¢ao de insulina, atenuando
entdo a resisténcia ao hormoénio e gerando aumento na captagdo de glicose (KAPPEL et al.,
2013; MOUKETTE et al., 2017; RASOULI et al., 2017). Além disto, outro mecanismo
hipoglicemiante ja descrito ocorre por meio da inibicdo de enzimas digestivas atuantes nas
quebras de dissacarideos e oligossacarideos em monossacarideos, como as a-amilases e o-
glucosidases, o que consequentemente retarda a absor¢do de glicose no organismo (BATI;

KWAPE; CHATURVEDI, 2017; RASOULI et al., 2017).

2.3. Homeostasia glicémica

Em mamiferos, a glicose representa a principal forma de obten¢do de energia para o

organismo. Ela ¢ uma molécula composta por seis dtomos de carbono e por um agrupamento
aldeido, além disso ¢ encontrada tanto na forma linear (aciclica) quanto na forma de anel
(ciclica), integrando diferentes vias metabdlicas nas células (NELSON; COX, 2014).
No organismo humano, os carboidratos sdo armazenados especialmente na forma de glicogénio,
no figado e em musculos esqueléticos. No entanto, outros tecidos, como o muscular liso, o
muscular estriado cardiaco, o tecido adiposo e 0rgdos como os rins € cérebro também
apresentam a capacidade de sintetizar e armazenar o glicogénio (ROACH, 2002; KAPPEL et
al., 2013).

A insulina ¢ um hormdnio anabdlico, intrinsicamente envolvido na glicogénese, na
lipogénese e no aumento de sintese proteica, com potencial de inibicdo dos processos

catabolicos como lipolise, protedlise e glicogendlise hepatica (ZECCHIN; SAAD, 2002;
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BEARDSALL et al., 2003; CARVALHEIRA; MOORE; CHERRINGTON; WASSERMAN,
2003).

A ac¢do deste hormonio ¢ essencial para homeostasia do metabolismo energético e sua
secrecdo ocorre através de células (B) das ilhotas pancreaticas, como reagdo ao aumento dos
niveis de aminoacidos e glicose apos as refeicdes. Neste sentido, sua agdo ¢ o principal
mecanismo responsavel pela regulacdo do metabolismo energético no organismo (ESCOTT,
2016).

Outro hormonio responsavel pela homeostasia do metabolismo da glicose ¢ o glucagon.
Caracterizado como hiperglicemiante, ¢ produzido e secretado a partir da clivagem do
hormdnio pré-glucagon, também produzidos por células a- pancreaticas, cuja principal fung¢ao
¢ a producdo hepatica de glicose, além de exercer fungdo antagénica a insulina (MULLER et
al., 2017).

De maneira geral, o principal mecanismo de estimulagao para secre¢do desse hormdnio
¢ a hipoglicemia, embora outras substancias possuam o mesmo potencial, como o caso do
Peptideo Inibidor Gastrico (GIP) entre outros aminoacidos (GUYTON; HALL, 2017). Logo,
os principais processos fisioldgicos relacionados a homeostasia da glicose sdo: 1)
gliconeogénese; 2) glicogénese e; 3) glicogenodlise, eventos de ocorréncia principal no figado e
com acentuado desequilibrio em caso de DM (SALLES; TERRA; DE ARAUJO PAULA,
2019).

No periodo do jejum, ou periodo pré-prandial, e entre as refei¢des, hd tendéncia de
diminuic¢do nas concentragdes de insulina e aumento nas concentragdes de glucagon, epinefrina
e cortisol. O glucagon, como hormonio hiperglicemiante, inicialmente ativa as vias como
gliconeogénese e glicogenolise hepéticas, e causa o aumento das concentragdes de glicose no
sangue (KAPPEL et al., 2013). No entanto, os estoques de glicogénio hepaticos sdo limitados
e, subsequentemente apds um jejum prolongado, a gliconeogénese hepdtica e renal sdo
exponencialmente aumentadas a partir de outras moléculas, como glicerol, peptideos e lactato
(KAPPEL, 2012; NELSON; COX, 2014).

Nos musculos, a captagdo de glicose, durante o jejum, € drasticamente reduzida, por isso
o metabolismo energético torna-se dependente da lipolise, com impacto no aumento da
glicogenolise e protedlise muscular (FERRARI et al., 2019). Outro mecanismo de regulagdo
ocorre com a ativagao da lipdlise no tecido adiposo, pois consequentemente ha um aumento de
glicerol e 4cidos graxos, os quais atuam como precursores da gliconeogénese e cetose no figado
(BEARDSALL et al., 2003). Para garantia de manuten¢ao da homeostasia glicémica, a insulina

deve ser secretada pelo pancreas, subsequentemente sua sinalizacao e iniciagao devem ocorrer
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para que o hormdnio possa ligar-se a receptores insulinicos especificos, e assegurar a captagao
periférica de glicose e a producdo glicémica endégena nos musculos, figado e tecido adiposo
(KAPPEL, 2012; FERRARI et al., 2019).

A insulina ¢ sinalizada apos a ligagao ao seu respectivo receptor proteico de superficie
celular, também chamado de Receptor Tirosina Quinase (RTK). Logo apds acoplar-se a
subunidade o do RTK, na regido extracelular, a conexao inicializa uma cascata de sinalizacao
no sentido meio intracelular (LEITE; CALLADO; RIBEIRO, 2012). Esta ligagdo, além de
amplificar a sinalizacdo da insulina na subunidade intracelular, age, também, com a
integralizacao dos sinais de outros receptores fundamentais e propicia a auto-fosforilagdo, com
formagao de residuos de tirosina.

As cascatas sinalizadoras de insulina dependente sdo bastante similares nos tecidos
hepatico, muscular esquelético, cardiaco e em células endoteliais, no entanto, a resposta
bioldgica ¢ varidvel e especifica em cada tecido, gragas as particularidades morfofuncionais de
cada estrutura celular (SALLES; TERRA; DE ARAUJO PAULA, 2019).

No caso do figado, ap6s a sinalizacdo, a insulina causa o bloqueio da gliconeogénese e
glicogenolise, inibindo a liberacdo de glicose e aumentando a formacdo do glicogénio
(CARVALHEIRA; ZECCHIN; SAAD, 2002). Ao mesmo tempo, nos musculos, ha um
aumento na captacao de glicose, via Transportador de Glicose 4 (GLUT4), neste caso ha um
aumento do glicogénio muscular. Por sua vez, a sinaliza¢do de insulina no tecido adiposo,
promove o aumento da sintese de 4cidos graxos e colesterol (MARINHO et al., 2014; SALLES;
TERRA; DE ARAUJO PAULA, 2019).

A ativagdo do receptor de superficie celular promove a ativacdo das vias
IR/IRS/PI3K/Akt e IRS/MAPK, as quais representam as principais vias anabolicas de acao da
insulina. A via IR/IRS/PI3K/Akt proporciona a captagdo de glicose, desencadeando o aumento
na sintese de glicogénio, de proteinas e lipideos. J4 a via IRS/MAPK promove a proliferagdo e
diferenciagdo celular. Tecidos como o hepatico, o muscular e o adiposo, respectivamente
apresentam as maiores concentragdes do receptor de insulina (SALLES; TERRA; DE ARAUJO
PAULA, 2019).

A glicose entra no meio intracelular acopladas aos Transportadores de Glicose (GLUTs)
e ¢ fosforilada a glicose 6-fosfato (glicose-6P), pela hexoquinase muscular ou pela
glicoquinase/ hexoquinase hepaticas, e acaba processada em trés vias distintas, sendo elas: 1)
via glicolitica; 2) via das pentoses fosfato; e, 3) via de sintese de glicogénio (MAGISTRETTTI;
ALLAMAN, 2015). Apds interagdo com a enzima fosfoglicomutase, a glicose-6P sofre a

conversao a glicose 1-fosfato (glicose-1P), subsequentemente a agdo da enzima uridina-
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difosfato, e converte a glicose-1P em Uridina-Difosfato Glicose Pirofosforilase (UDP-G)
(KAPPEL et al., 2013).

Desta maneira, a UDP-G exerce papel fundamental na formagao do glicogénio, através
da doagao de unidades glicosil, sendo a reacdo catalisada pela acdo enzimatica do Glicogénio
Sintase (GS), outra enzima essencial na sintese de glicogénio (ROACH, 2002; FERRER et al.,
2003; MARINHO et al., 2014, 2015). Além da GS, a glicogenina, (proteina iniciadora) e uma
enzima ramificadora participam do processo de sintese, armazenamento de glicogénio hepatico
e muscular e homeostasia glicémica (; ROACH, 2002; FERRER et al., 2003; KAPPEL et al.,
2013).

2.4. Diabetes melito

2.4.1 Aspectos gerais

O envelhecimento populacional em associagdo a expansao urbana, estilos de vida pouco
saudaveis, além da obesidade, caracterizam as principais causas responsaveis pela prevaléncia
e aumento na incidéncia de diabetes no Brasil. A respeito do estilo de vida, exemplifica-se
dietas inadequadas e habitos sedentarios, como a diminui¢ao da pratica de atividades fisicas,
relacionada ao crescente uso de tecnologias (BRASIL, 2006, 2013; SBD, 2019).

Segundo a OMS, nos ultimos anos houve uma progressao alarmante de novos casos de
diabetes e calcula-se mais de 463 milhdes de pessoas com diagnoéstico de Diabetes Melito (DM)
no mundo. Assim, a doenga caracteriza-se como uma epidemia mundial, silenciosa e torna-se
um grande desafio para os sistemas de saude das nagdes no século XXI (BRASIL, 2006; WHO,
2016; SBD, 2016, 2019a). No Brasil, esse cendrio ndo ¢ diferente, pois em 2018 foram
estimadas cerca de treze milhdes de pessoas diagnosticadas com DM e tais niimeros deverdao
chegar a aproximadamente 21 milhdes no ano de 2045 (WHO, 2016; IDF, 2017; SBD, 2019b).

Curiosamente, o Brasil ocupa o quarto lugar entre os paises com maior nimero de pessoas
que desconhecem o seu diagnostico para o DM, por outro lado € o primeiro posicionado no rank
de pessoas diabéticas vivendo na América do Sul. Dados publicados pela Federacao
Internacional de Diabetes, (IDF, 2017) corroboram as estatisticas e apontam aproximadamente
48.000 mortes de adultos com idade entre 20-60 anos como resultado da diabetes no pais (IDF,
2017; SBD, 2019a, 2019b). A DM ¢ uma doenca crdnica sistémica de progressao lenta, com

natureza complexa, multifatorial e consiste em uma sindrome metabolica caracterizada
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especialmente pela hiperglicemia (DA CONCEICAO; DA SILVA; BARBOSA, 2017; SBD,
2019a, 2019b).

De acordo com o Departamento de Atencao Bésica (DAB) do Ministério da Saude (MS),
a hiperglicemia cronica ¢ decorrente de defeitos na secrecao e/ou agdo da insulina e também ¢
considerada como fator priméario desencadeador de complicacdes relacionadas a doencga (Figura
10). Além disso, estd associada a disfuncgdes e insuficiéncia de varios 6rgdos, especialmente
olhos, rins, nervos, cérebro, coracao e vasos sanguineos (JAMES et al., 2003; KAPPEL, 2012;
BRASIL, 2006, 2013; SBD, 2019a, 2019b).

Anteriormente os tipos de diabetes eram classificados de acordo com a combinacao das
manifestagdes clinicas com o modo de tratamento e eram estabelecidos dois tipos, sendo eles:
1) Diabetes melito tipo I ou Diabetes Insulino-Dependente (DMID) e 2) Diabetes melito tipo II
ou Diabetes nao Insulino-Dependente, (DMNID) (ADA, 1997).

No entanto, esse método classificatorio era pouco eficiente e dificilmente estabeleciam-
se diferencas etiopatologicas assertivas entre pacientes com DMID e DMNID, e
consequentemente ambos os tipos acabavam aderindo a insulinoterapia, pds-diagnostico para
prevencao a cetose. Este fato, tornava confusa a classificacdo anterior. Neste contexto, a
classificagdo da DM atualmente aceita pela Sociedade Brasileira de Diabetes (SBD) e pela
OMS foi proposta em 1997 pela Associagdo Americana de Diabetes (AMERICAN DIABETES
ASSOCIATION - ADA) (ADA, 2011).

Em suma, a redefinicao foi baseada na etiologia da doenga e ndo apenas no seu modo
de tratamento, portanto, foi atribuida maior énfase na associagdo entre genética, historico
familiar e caracteristicas fenotipicas dos pacientes. Assim, em 2018 foram estabelecidos novos
critérios de diagnostico para diabetes, organizados e publicados pela ADA (Tabela 2) (ADA,
1997, 2018, 2019).

2.4.2. Tipos de diabetes melito

A Diabetes Melito Tipo 1 (DM1) ¢ resultante da destrui¢ao de células (p)-pancreéticas,
0 que caracteriza a deficiéncia absoluta de insulina e subsequentemente hiperglicemia (ADA,
2007; GENUTH, 2008). E possivel também associar a hiperglicemia fenotipica da DM1 nio
somente a desregulacdo na producdo e acdo da insulina, mas também a auséncia de supressao
da secrecao do glucagon (SHAH et al., 1999).

Na fisiopatologia desse tipo de diabetes estdo envolvidos diversos fatores genéticos e

ambientais, além de um conjunto de genes que se situam no sistema Antigeno Leucocitério
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Humano (HLA), portanto a DMI1 representa um processo imunomediado e atinge
aproximadamente 5 a 10% dos casos (ADA, 2007). Quando ndo ha evidéncias de atividade
autoimune por mediacao de células como linfécitos T ou macréfagos, ou quando hé causas
incomuns para a destrui¢do das c€lulas () pancreaticas classifica-se a doengca como DM tipo
1/ idiopatica e esta representa a minoria dos casos (LALLI, TSUKUMO, 2012; SBD, 2015,
2016).

Por outro lado, a Diabetes Melito Tipo 2 (DM2) abrange em média 90% a 95% dos
casos diagnosticados e caracteriza-se pela resisténcia em varios niveis a agao da insulina com
deficiéncia no mecanismo de sua secrecdo e desregulacdo na producgdo hepatica de glicose.
Atualmente, a DM2 ¢ considerada importante causa de morbidade e mortalidade (DA
CONCEICAO; DA SILVA; BARBOSA, 2017; SBD, 2019b).

Esse tipo de diabetes pode ocorrer em qualquer idade, embora os riscos sejam mais
elevados apartir dos 40 anos. Entre os principais fatores de risco estdo o sobrepeso e/ou
obesidade em associacdo a hipertensao arterial, dislipidemia e sedentarismo (ADA, 2007; SBD,
2009, 2015, 2016). Outro fator decisivo para determinar o risco € a analise do historico familiar
para diabetes de individuos saudaveis ou mulheres que tenham desenvolvido Diabetes
Gestacional (DG). Considera-se que estes grupos de pessoas estdo mais suscetiveis ao

desenvolvimento da doenca (MONAHAN et al, 2010).

Tabela 2. Critérios diagndsticos para o diabetes
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Critérios Comentarios

A1C 26,5% O teste deve ser realizado por meio de método
rastredvel ao método do DCCT e devidamente
certificado pelo National Glycohemoglobin
Standardization Program (NGSP)

glicemia de jejum 2126 mg/dL O periodo de jejum deve ser definido como
auséncia de ingestao caldrica por pelo menos
pelo menos 8 horas. Na auséncia de
hiperglicemia comprovada, os resultados devem
ser confirmados com a repeticdo dos testes.
glicemia 2 h apés sobrecarga com 75 g de Em teste oral de tolerancia a glicose. Esse teste
devera ser conduzido com a ingestdao de uma
sobrecarga de 75 g de glicose anidra dissolvida

=0u=

glicose: 2 200mg/dL

=ou= em agua em todos os individuos com glicemia de
jejum entre 100 mg/dL e 125 mg/dL.
glicemia ao acaso 2 200 mg/dL Em pacientes com sintomas classicos de

hiperglicemia, ou em crise hiperglicémica.
Importante: a positividade de qualquer um dos parametros diagndsticos descritos confirma o
diagnostico de diabetes. Na auséncia de hiperglicemia comprovada, os resultados devem ser
confirmados com a repeti¢do dos testes, exceto no TOTG e na hiperglicemia comprovada.

Fonte: Adaptado: (2019;2018).

A DG ¢ caracterizada pela intolerancia a glicose, nos mais variados niveis, e
aproximadamente 7% das gestacdes sdo acometidas por complicagdes associadas a
hiperglicemia. Normalmente ¢ diagnosticada na segunda metade do periodo gestacional,
embora em alguns casos também haja deteccdo logo no inicio da gestacdo (ADA, 2007,
2011; SBD, 2015, 2016).

Apbds o periodo gestacional, pode, ou ndo, persistir, sendo o fator determinante a
reversibilidade definitiva da intolerancia a glicose para tolerancia normal pds-gestacional.
Portanto, deve-se reavaliar a paciente algumas semanas pds-parto e reclassificar a DG em
glicemia de jejum alterada, tolerncia a glicose baixa, normoglicemia ou hiperglicemia
(DM2) (ADA, 2011). No entanto, mesmo que subsequentemente apos a reavaliagdo ndo
ocorra diagnostico para diabetes melito, o risco para o desenvolvimento de DM2 ainda ¢
elevado, estimativa-se em 10%-65% a possibilidade de ocorrer diabetes em até 16 anos
apos o parto. (IDF, 2015; SBD, 2015, 2016).

Conforme a atual classificagdo de diabetes e critérios de diagnosticos para pré-diabetes
e risco aumentado, ainda hé outras duas categorias, caracterizadas como glicemia de jejum
alterada e tolerancia diminuida a glicose. Juntas sdao consideradas como fatores de risco para
desenvolvimento e progressao de DM e doencas cardiovasculares (Tabela 3) (SBD, 2015, 2016;
ADA, 2017, 2019).

Na categoria “outros tipos de DM”, destaca-se o Maturity Onset Diabetes of the

Young (MODY), um subtipo caracterizado pela desregulacdo na secrecdo de insulina,



embora ndo seja necessaria a insulinoterapia pois nao ha disposi¢ao para progressao a cetose.
DM tipo MODY representa cerca de 2% dos casos diagnosticados para a diabetes melito,
além disso ¢ prevalente em jovens com menos de 25 anos nao obesos (CAMPAGNOLO et
al., 2005). A transmissao ¢ autossomica dominante e persiste em pelo menos trés geragdes
consecutivas, além da condi¢do monogénica, também apresenta ampla heterogeneidade,
sendo descritos atualmente seis genes distintos causadores da doenca (MESSAAOUI,
TENOUTASSE; DORCHY, 2016).

Nesta categoria, ainda ha outro tipo de DM, a Diabetes insipidus (DI), descrita como
sindrome politrica. Este tipo de diabetes apresenta-se em dois subtipos de DI: 1) O DI
central, resultante da deficiéncia total ou parcial na sintese de Vasopressina (VP) e 2) A DI
nefrogénica, concomitante da resisténcia renal a VP. Geralmente esse tipo de diabetes ¢
adquirido, embora sua etiologia também possa estar relacionada a problemas congénitos e
mutagdes, ¢ quando ocorrer na primeira infancia, as causas genéticas sao as mais provaveis

e deverdo ser avaliadas (CHRIST-CRAIN et al., 2019).

Tabela 3. Critérios diagnosticos para o pré-diabetes e para risco aumentado de diabetes
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Critérios Comentarios

Glicemia de jejum
entre 100 mg/dL e
125 mg/dL Condic¢des anteriormente denominada “glicemia de jejum alterada”.

Glicemia 2 h apés
sobrecarga com 75

g de glicose: entre

140 mg/dL e 199 Em teste oral de tolerancia a glicose.
mg/dL Condig¢des anteriormente denominada “tolerancia diminuida a glicose”.
=ou=

A1C entre 5,7% e Conforme recomendacdes recentes para uso da A1C no diagnéstico
6,4% do diabetes e do pré-diabetes

Importante: a positividade de qualquer um dos parametros diandsticos descritos confirma o

diagndstico

Fonte: Adaptado: ADA (2019;2018).
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Figura 10. Hiperglicemia cronica e suas complicagdes. Fonte: Adaptado: ADA (2019;2018).
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2.4.3. Estudo de hiperglicemia e diabetes em modelos experimentais em ratos Wistar

Estudos experimentais em animais com diabetes induzida sdo amplamente empregados
em pesquisas de avaliagdo do potencial farmacolégico de produtos naturais e plantas
medicinais. Em sua maioria, estes estudos subsidiam a elaboracdo de novas terapias com
potencial elucidacdo dos mecanismos fisiopatoldgicos e alteragcdes enddcrinas-metabodlicas
tipicamente envolvidas na DM em humanos (ROSELINO et al., 2012).

Estudos in vivo de hiperglicemia e diabetes sdo extremamente necessarios para as areas
da farmacologia e satde publica e propiciam a compreensao da fisiopatologia do diabetes, de
suas complicagdes, da prevencdo de lesdes aguda ou cronica nos diferentes 6rgaos envolvidos,
além da busca de um possivel tratamento efetivo ou cura da doenga (KAPPEL, 2012).

Recomenda-se, ainda, que em estudos com objetivo de avaliagio do potencial
farmacoldgico de um novo produto, onde ocorra aplicagdo de substincias diabetogénicas em
ratos Wistar, tais modelos experimentais devem ser realizados em associacdo a testes de
toxicidade para validacdo do uso seguro da substancia objeto de estudo (DE LIMA et al., 2016;
SBD, 2015, 2016; TRAESEL et al 2017).

Entre as diversas substancias utilizadas para a indugdo de diabetes em animais,
destacam-se a aloxana e a estreptozotocina. Neste contexto, um dos principais modelos de
indugdo de diabetes ¢ realizado com aplicagdes de aloxana, um derivado da pirimidina, cuja
acdo ¢ especifica, citotoxica e seletiva para destruicdo de células B-pancreaticas, e estimula a
insuficiéncia insulinica do pancreas (LEME et al., 2010).

Este evento provoca alteragdes fisiologicas e clinicas comuns em diabetes induzidas
em animais, com grande aumento nos niveis de glucagon e insulinemia. Posteriormente, ha
ativacdo dos Transportadores de Glicose-2 (GLUT2) e, em consequéncia a formagao de radicais
livres, ocorrem reacdes que ocasionam diversos tipos de lesdes celulares (LENZEN, 2008).
Entre os principais farmacos comerciais, a glibenclamida, anti-hiperglicémico oral, ¢ uma
sulfoniluréria de segunda geracdo usada no tratamento da diabetes (KAPPEL, 2012).

Como as demais sulfoniluréias, este anti-hiperglicémico, atua no bloqueio dos canais de
canais Katp, com despolarizagdo da membrana de células 3, além disso, entre os mecanismos
de agdo, ao se ligarem nas subunidades SUR, desencadeia efeito estimulatdrio com secrecao de
insulina e efeito hipoglicemiante (STANDEN, 1997). Nestas condigdes, torna-se viavel a
realizacdo de estudos experimentais em animais hiperglicémicos com testes de produtos com

potencias antidiabéticos. Esses estudos devem considerar ratos diabéticos aqueles que
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apresentem glicemia em jejum acima de 300 mg/dL, enquanto a glicemia em jejum em ratos
normoglicémicos ¢ varidvel entre 100 e 130 mg/dL (SBD, 2009; KAPPEL et al., 2012).

Tradicionalmente, outro ensaio recomendado € o Teste Oral de Tolerancia a Glicose
(TOTG), bastante difundido na pratica clinica para diagnoéstico de DM?2 e intolerancia a glicose.
Além disso, ele ocorre em associag@o aos testes baseados em medida de glicose, glicemia em
jejum e hemoglobina glicada/HbA 1¢ em humanos (KAPPEL et al., 2013; SILVA et al., 2020).
Este ensaio ¢ amplamente utilizado para avaliacdo do potencial anti-hiperglicémico de novas
substancias testes, em modelos animais com diabetes induzida (BOSI et al., 2009; KAPPEL et
al, 2012, 2013). Considera-se um teste de facil reprodug¢do com base na avaliagao glicémica ao
longo de um periodo, ap6s a administragio de uma sobrecarga de glicose no organismo
(BENNETT; GUO; DHARMAGE, 2007; BOSI, et al., 2009).

Neste modelo, além da glicemia, também ¢ possivel determinar a insulinemia e estimar
a sensibilidade a secre¢do ou acdo insulinica, por meio do calculo de indices e avaliagdo da a¢ao
de dissacaridases e sintese de glicogénio hepatico e muscular (FOLADOR et al., 2010;

KAPPEL et al., 2013).

2.4.3.1. Delineamento experimental do bioensaio de atividade anti-hiperglicémica

2.4.3.1.1. Animais

Neste bioensaio sdo utilizados 25 ratos Wistar machos, obtidos do Biotério Central da
Universidade Federal da Grande Dourados — UFGD, com idade média de 50-55 dias de idade
e peso médio de 180-200 gramas. Os animais sdo mantidos em gaiolas de polipropileno, sob
condi¢gdes controladas: alimentacdo baseada em racdo comercial, agua ad [ibitum, sala
climatizada e ciclo claro-escuro (luzes apagadas das 18h00min as 6h00min).

Posteriormente sdo monitorados seguindo-se as diretrizes do Conselho Brasileiro de
Medicina Veterinaria e do Colégio Brasileiro de Experimentacdo Animal e conforme modelos
experimentais padronizados em diversas pesquisas acerca do potencial antidiabético de

produtos naturais (KAPPEL, 2012; KAPPEL et al.,2012, 2013).
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2.4.3.1.2. Teste Oral de Tolerdncia a Glicose (TOTG)

O desenho experimental deste teste € baseado em pesquisas de Kappel e colaboradores
(2012), e sao selecionados ratos normoglicémicos, mantidos em jejum por 12 horas. Estes
animais sdo randomizados em cinco grupos distintos conforme descrito no fluxograma 1.

1) Grupo controle hiperglicémico: (sem qualquer tratamento, mas que recebem glicose (4g/kg);
2) Grupo controle positivo: Os animais sao tratados com o farmaco referéncia antidiabetes,
glibenclamida (10 mg/kg) e subsequentemente recebem sobrecarga de glicose (4g/kg); 3)
Grupos 3, 4 e 5: Os animais nestes grupos, recebem o Inf-L de A. triangularis, nas respectivas
dosagens 62,5, 125 e 250 mg/kg, respectivamente, para obtengao da curva dose-resposta e, apos
30 minutos, ¢ administrada uma sobrecarga de glicose em cada animal (4g/kg). Todos os
tratamentos sdo realizados via oral (gavagem). Os niveis de glicose no plasma sdo verificados
nos tempos: 15, 30, 60 e180 minutos apos o inicio do teste; e os valores foram obtidos com

utilizagdo do kit glicose-oxidase, da marca comercial Accu-Chek.

Fluxograma 1: Tratamento de ratos normais hiperglicémicos — Teste Oral de Tolerancia a
Glicose (TOTG)

Ratos normoglicémicos em jejum

[ I

Controle Hiperglicémico Controle Positive Grupo Tratado - Inf-L de
n=5 n=5 A. triangularis
| Pré-tratamento 30 min Pré-
Sobrecarga de glicose Glibenclamida tratamento [
4g/kg | 30 min
Sobrecarga de glicose || Inf-L625mghkg |
4g/kg n=5
| | Inf-L 125 mg/kg Sobrecarga de glicose
n=5 4g/kg
| | InfL250mgkg ||
n=5

As concentragdes de glicose foram verificadas por kit da glicose-oxidase nos tempos de 0, 15, 30, 60 ¢ 180
minutos apds a administragdo da sobrecarga de glicose.

Os resultados sdo expressos por ng de glicose por / dL

Fonte: o autor (2020).
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2.4.3.1.3. Medida do conteudo de glicogénio hepdtico e muscular, e atividade das
dissacaridases intestinais em ratos normoglicémicos apos o tratamento com diferentes doses

do Inf-L A. triangularis.

Apo6s a administragdo por via oral das respectivas dosagens do Inf-L de A. triangularis
(Inf-L-At), s3o coletados o figado e os musculos sdleos de cada animal, logo apos, os
respectivos 6rgdos sdo pesados e posteriormente utiliza-se o protocolo especifico para
precipitacao do glicogénio hepatico descrito por Krisman (1962) com pequenas modifica¢des
e inclusdo do método para precipitagdo do glicogénio muscular proposto por Zannata e
colaboradores (2008). Seguidamente para determinagdo das concentracdes de glicogénio
hepatico e muscular oriundos dos diferentes tratamentos utiliza-se a curva de calibra¢ao baseada

na substancia padrdo do glicogénio (Fluxograma 2) (PEDROSO, 2019).

Fluxograma 2: Determinacgao do conteudo de glicogénio muscular e hepatico.

Ratos hiperglicémicos apds 180 min do tratamento

Disseca¢do do musculo sdleo e figado

KOH 33% A

EtOH 96% A

Banho de gelo

Centrifugagio 15 min

Precipitado + H2O

180 pL de homogenato-musculo séleo / 500 pL de homogenato-figado
+ 2 mL reagente de cor

Os resultados sdo expressos em ng de glico génio /g de tecido

Fonte: o autor (2020).
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Para avaliacdo da atividade de enzimas intestinais envolvidas na homeostasia da glicose,
utilizou-se o protocolo descrito por Kappel e colaboradores (2012), com separagdo, pesagem,
disseccdo e processamento da porcao total do intestino delgado (Fluxograma 3). Estes métodos
possibilitam a avaliagdo do perfil hipoglicemiante do Inf-L-At, quando comparados aos efeitos
observados no grupo controle positivo, visto que hipoglicemiantes orais e comerciais, como
glibenclamida, promovem um aumento da sensibilidade a insulina e, com isso, ha redugdo da
producao hepatica de glicose por diminuicao da glicogenolise, com aumento na captacao de
glicose no figado e nos musculos soleos, e diminui¢ao na absor¢ao de carboidratos intestinais
através de sinalizacdo semelhante a via sinalizadora de insulina, contribuindo também com
estimulos para a sintese e translocacdo proteica do GLUT4 (GHOSH, R. et al., 2004;
ZANNATA et al., 2008).

Fluxograma 3: Determinacao da atividade das dissacaridases intestinais.

Ratos hiperglicémicos apos 180 min do tratamento

Dissecag¢ido e limpeza do intestino delgado
(duodeno)

Homogeneizagao 400 mg / tec / ml salina

| Centrifugacdo 10000 RPM / 8 min |

. ’ sobrenadante |
Determinagdo

proteinas / Biureto {
50 pL sobrenadante incubagao 37°
C /5 min

+ 20 pL amostra

‘ 25 pL substrato de maltose, sacarose e lactose ‘

I incubagdo 37°C/ 5°

| 20 pL da aliquota + 2 ml GOD |

incubagdo 37°C /5’ 4|

Leitura 505 nm

Resultados expressos pela atividade espectfica da enzima /mg de proteina

Fonte: o autor (2020).
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2.5. Toxicologia: ensaios pré-clinicos de plantas medicinais, produtos naturais e

fitoterapicos

Em sintese, a biodiversidade vegetal dispde de intmeras espécies com amplas
propriedades funcionais e medicinais e os registros etnofarmacologicos sugerem que as
comunidades locais fagam uso constante de plantas medicinais para preven¢ao, tratamento ou
cura de diversas enfermidades, baseados somente no conhecimento empirico, por acreditarem
que estas sao isentas de riscos a saude (DE LIMA et al., 2016; ARAUJOetal.,2017; TRAESEL
etal., 2017; TOLOUEI et al., 2018).

As plantas possuem biodisponiveis uma diversidade de metabolitos secundarios que
estdo relacionados aos mecanismos de protecdo do vegetal contra predadores e patdogenos.
Destes, muitos metabolitos sao considerados toxicos por produzirem reagdes intoxicantes
quando entram em contato com o organismo humano, ou animal, ¢ constituem fatores de risco
para a homeostase fisioldgica e, além disso, podem evoluir para o 6bito (VASCONCELOS et
al., 2009; JESUS; SUCHARA, 2013; CAMPOS et al., 2016).

A avaliacdo dos aspectos toxicologicos das espécies vegetais de uso popular ¢
imprescindivel, tendo em vista a ampla distribuicdo destas nos biomas brasileiros ¢ a tradi¢do
do uso popular. Ademais, estudos para garantir a eficidcia farmacologica e auséncia de
toxicidade tornaram-se ferramentas essenciais para defini¢cao de estratégias de utilizagdo segura
(MENDONCA et al., 2020).

Conforme dados do Sistema Nacional de Informagdes Toxico-Farmacologicas
(SINITOX), o Brasil obteve registros de 761 e 592 novos casos de intoxicagdo humana, nos
anos de 2014 e 2016 respectivamente (SINITOX, 2021). No entanto, estima-se que esses
registros podem ser superiores, ja que no pais ndo ha obrigatoriedade na emissdo das
notificagcdes de eventos toxicoldgicos, o que pode favorecer o aumento das subnotificacdes.

Por outro lado, algumas das notificacdes emitidas normalmente determinam como
principais causas de intoxicacdes o uso terap€utico, a automedicacdo, a ingestdo alimentar e/ou
a tentativa de suicidio, homicidio e/ou aborto, sendo que, na maioria dos relatos, ndo houve
prescrigdo médica para o consumo (CAMPOS et al., 2016; SINITOX, 2021).

A Politica Nacional de Plantas Medicinais e Fitoterapicos foi aprovada em 2006 e
norteada pelos principios de melhorias na atengdo basica a saude do Sistema Unico de Satde
(SUS). Ela vislumbrou o desenvolvimento econdmico sustentavel e garantia de acesso seguro

e racional no consumo de plantas medicinais, produtos naturais e fitoterapicos.
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Consequentemente, diversos estudos para avaliagdo das reacdes adversas e seguranca
terapéutica foram normatizados e recomendados (DA SILVA et al., 2020).

A regulamentagao de estudos farmacologicos e toxicologicos, em especial, de novos
farmacos sdo regulamentados por trés principais agéncias: FDA, European Medicines Agency
(EMA) e Pharmaceuticals and Medical Devices Agency (PMDA). Entretanto, diferem-se entre
si e para harmonizacdo destas diferencas, em 2008, foi estabelecido o Conselho Internacional
para Harmonizagao de Requisitos Técnicos para Medicamentos de Uso Humano (ICH) (ICH,
2008).

A ANVISA, membro regular do ICH desde o ano de 2016, elaborou o atual Guia para
a Conducao de Estudos Nao Clinicos de Toxicologia e Seguranca Farmacologica Necessarios
ao Desenvolvimento de Medicamentos, publicado em 2013, baseando-se em recomendagdes
internacionais das agéncias de vigilancia de medicamentos: Environmental Protection Agency
(EPA), FDA e OECD (ANVISA, 2013).

Os protocolos de estudos pré-clinicos sdo descritos neste guia e direcionam para a
avaliagdo e identificacdo dos efeitos adversos associados ao perfil toxicoldgico das substancias
sob os sistemas fisioldgicos ou 6rgdo-alvo. Além disso, caracteriza a relacdo dose-resposta,
efeitos agudo, subagudo e cronico, e a reversibilidade dos efeitos toxicos no organismo (OECD,
2008a, 2008b).

Assim, os estudos pré-clinicos sao indicados para a avaliacdo do uso seguro de plantas
medicinais, produtos naturais ou fitoterapicos, e auxiliam na elucida¢ao dos diferentes aspectos
de intoxicacdes e na identificacdo de substancias promissoras para sintese e prospeccao de
novos farmacos (HARVEY et al., 1998; ARAUJO et al., 2017). Ademais, também contribuem
para a implementacao de diretrizes de estratégias das politicas de plantas medicinais no SUS,
uso racional e suas interacdes medicamentos/plantas (DA SILVA TEIXEIRA et al., 2020).

Diante do exposto, entre os principais protocolos de ensaios pré-clinicos recomendados
pelas agéncias regulatorias, os ensaios de toxicidade por dose unica (aguda), genotoxicidade,
mutagenicidade, citotoxicidade e carcinogenicidade sdo essenciais para garantia da seguranca
terapéutica e toxicologica de espécies vegetais e novos farmacos, e, em paralelo, para a

avaliacdo dos potenciais farmacoldgicos descritos na medicina tradicional.
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2.5.1. Toxicidade aguda

Estudos de toxicidade aguda sao desenvolvidos com o objetivo de investigar o potencial
de novas substancias causarem danos a satide humana, apos exposicao direta ou indireta. Estes
testes sdo considerados padrdoes de avaliagdo toxicologica e s3o desenvolvidos
preferencialmente com uso de roedores (VALADARES, 2006; OECD, 2008a, 2008b).

Os testes classificam as amostras analisadas conforme os aspectos toxicologicos
descritos como resultados e de acordo com os critérios estabelecidos pelo Globally Harmonised
System (GHS) (Tabela 4) (ANVISA, 2013, 2016). Além de contribuir para identificagdo do
potencial toxico em oOrgaos-alvo, estima a letalidade e também viabiliza a determinag¢ao dos
padrdes toxicocinéticos e a relagcao dose-resposta da respectiva substancia administrada em uma
ou mais doses no periodo inferior a 24 horas. Subsequentemente, os animais sao mantidos em
observagdo por 14 dias consecutivos apés o tratamento (PURCHASE, et al., 1998;
VALADARES, 2006; ANVISA, 2013; TRAESEL, 2014).

De acordo com Valadares (2006):

Em 1992, o Teste de Dose Fixa (FDP) foi adotado pela OECD (OECD 420) como
alternativa para os pesquisadores evitarem o uso do guideline (OECD 401), o teste
possuia diferengas claras em comparagdo ao guideline N° 401, pois visava avaliar a
toxicidade ao invés de mortalidade, entretanto naquele momento ndo houve
substitui¢do definitiva. Diante disso, em 1996, foi elaborado o Método de Toxicidade
Aguda de Classe (ATC), representando o guideline N° 423 (OECD 423), adotada
como segunda alternativa a diretriz N° 401. No entanto, apesar de racionalizar o uso
animal, o objetivo final do teste ainda era avaliar a mortalidade frente a exposicao as
substincias. E somente em 1998, surgiu o Teste “Up and Down” (UDP),
representando a diretriz (OECD 425), cujo os objetivos sdo avaliar sinais de
toxicidade, dose-respostas e estimar a DL 5.

Apbs consecutivas discussdes sobre o teste da DLso, cuja dose € capaz de causar
mortalidade de 50% dos animais em experimentagdo, foram realizadas diversas modificac¢des
nas diretrizes 420, 423 e 425, as quais atualmente norteiam os testes de toxicidade aguda e
contribuem para a identificagdo da toxicidade de novas substancias, e estimativa da DLso
(OECD, 2008 ANVISA, 2013).

O Teste De Doses Fixas (OECD 420), o Método da Toxicidade Oral Aguda de Classe
(OECD 423) e o Teste — “Up and Down” (OECD 425) foram efetivamente recomendados e
adotados para avaliacdo toxicoldgica de substancias. Apesar de apresentarem metodologias
diferentes entre si, os objetivos dos 3 métodos sdo similares, conforme descrito na Tabela 5.
Justifica-se que a escolha do método seja baseada nas evidéncias cientifica e esteja em

conformidade com as agéncias regulatorias (CRETON et al., 2010; ANVISA, 2013).
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Tabela 4. Classificagdo de substancias baseado em critérios do Sistema Globalmente
Harmonizado de Classificagdo e Rotulagem de produtos quimicos apds o teste de toxicidade

oral aguda.
Toxicidade Extrema Alta Moderada Pouca Improvavel
1 2 3 4 5
Categoria
Dose em mg/kg <5 >5-50 >50-300 >300-2000 >2000-5000

Fonte: ANVISA (2016).

2.5.2 Delineamento experimental de toxicidade aguda

Visando racionalizar o uso de animais em pesquisas cientificas, o delineamento

experimental deste teste, objetiva avaliar o potencial toxico agudo do Inf-L-At e ¢ baseado na
diretriz 425 “Acute oral toxicity — Up and down procedure” da OECD (OECD, 2008a) e com
adaptacgdes descritas por Traesel et al., (2017), sendo constituido por dois grupos experimentais:
1) Grupo controle (1 mL salina v.0), € 2) Grupo tratado (2000 mg/kg v.0).
Para definicdo da via de administragdo da amostra € necessario estabelecer uma analise
comparativa com a forma que a espécie vegetal ¢ consumida na medicina popular. Neste ensaio,
para administracao do Inf-L-At, opta-se pela via oral, com uso de sonda esofagica no tratamento
dos animais, tendo em vista que a populacao faz uso dos chas derivados de plantas, por meio
de ingestao.

A escolha do modelo animal de experimentagdo ¢ determinada com base nas
recomendacoes estabelecidas na diretriz 425 pela OECD (OECD, 2008a). Neste caso, utiliza-
se a espécie Rattus norvegicus da linhagem Wistar, embora outras espécies de roedores também
possam ser utilizadas em estudos similares, desde que selecionem para o delineamento
preferencialmente as fémeas, jovens, nuliparas, ndo prenhes e saudaveis, com

aproximadamente 8 a 12 semanas de idade.
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Tabela 5. Diretrizes da OECD e principios norteadores para a avaliacdo de toxicidade oral
aguda.

Teste de Dose Fixa Toxicidade aguda de classe  Teste “Up and down” OECD

OECD 420 OECD 423 425
Dose 5,50, 300 ¢ 2000 5, 50, 300 e 2000 mg/kg — 3 Dose inicial estimada (175
mg/kg — 5 animais por animais por dose fixa mg/kg) fator de progressao de
dose fixa 3.2 — 1 animal / ou 2000

mg/kg — 1 animal —
observagdo 48 horas.

Principio Identificar a menor Identificar a menor dose que Estimar DLso
dose que cause cause letalidade /mortalidade
toxicidade
Objetivo  1.Estimar a faixa da 1. Estimar a faixa da DLso; 1. Estimar a faixa da DLso;
DLso,
2.0Observar sinais da 2. Observar sinais da
2.0bservar sinais da toxicidade oral aguda; toxicidade oral aguda;

toxicidade oral aguda;
3. Analisar efeitos toxicos nos 3. Analisar efeitos toxicos nos
3. Analisar efeitos orgaos - alvo. orgaos - alvo.
toxicos nos 6rgaos -
alvo.

OECD: Organisation for Economic Cooperation and Development; DLso: Dose letal mediana. Fonte: Adaptado:
Botham (2004).

Se houver estudos preliminares ou informagdes acerca da toxicidade da espécie, deve-
se utilizar como limite do teste a dose de 2000 mg/kg. Posteriormente, a dose pretendida devera
ser administrada, um animal por vez, em conformidade com o protocolo de observacdo do
primeiro animal tratado, e em sequéncia, outros quatro animais sdao separados para a
administracao da amostra, observacao dos sinais de toxicidade e estimar a DLs.

Caso ndo exista nenhum estudo de toxicidade in vitro ou in vivo com a respectiva
substancia, a dose ¢ iniciada em 175 mg/kg, e aplica-se o fator de progressao 3,2 na sequéncia
de (1.75, 5.5, 17.5, 55, 175, 550, 1750 mg/kg). (OECD, 2008a). Se o animal sobreviver a
primeira dosagem administrada, subsequentemente ele € observado quanto os sinais de
toxicidade por 24 horas. Apos a andlise, ¢ recomendada a administracdo de dose superior a
anterior seguindo o fator de progressao recomendado no protocolo. No entanto, caso ocorra o
obito do primeiro animal tratado, recomenda-se administrar dose inferior aquela realizada no

primeiro roedor. Este fator, em associagdo a observagdo dos sinais clinicos possibilita a
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estimativa da DLso, acima da dose administrada quando ndo houver 6bito. Seguidamente os
roedores sdo observados periodicamente ao longo dos 14 dias de experimentagao.
Diariamente os sinais clinicos e toxicos sao registrados e baseados nos cinco parametros
do screening hipocratico conforme descrigdo na Tabela 6 (MALONE; ROBICHAU, 1962).
Além da observagdo dos parametros hipocraticos, devem ser realizados monitoramentos no
consumo hidrico e alimentar, pelo método de registro didrio do peso da racao e do volume final
da 4gua disponivel em cada gaiola. Além disso, deve ser registrado o peso corpéreo de cada
animal. No 14° dia de experimentacao todos os animais do grupo controle e grupo tratado

deverao ser submetidos a eutanasia e autopsia macroscopica (ANVISA, 2013).

Tabela 6. Parametros do screening hipocratico proposto por Malone e Robichau (1962)

Screening hipocratico

Parametros Objetivo

1. Estado consciente Avaliar a atividade geral do animal dentro da caixa

2. Atividade e coordenacio do sistema Identificar a presenga ou auséncia a resposta ao toque,

motor ao aperto da cauda, ao endireitamento e a forca para
agarrar

3. Reflexos Observar presenca ou auséncia de resposta ao estimulo

auricular e corneal

4. Atividades sobre o sistema nervoso Identifica a presenga ou auséncia de tremores,
central convulsoes, cauda em straub, sedagdo e/ou anestesia;
5. Atividade sobre o sistema nervoso Observar a presenga ou auséncia de lacrimagéo,
autonomo cianose, ptose, salivagdo e/ou piloeregdo

Fonte: o autor (2021).
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2.6. Toxicogenética

A Toxicogenética, também conhecida como Genética Toxicologica, ¢ uma area de
estudo da Toxicologia responsavel pela avaliagdo de efeitos genotoxicos produzidos por
agentes fisicos e quimicos apos exposi¢ao aguda ou cronica do organismo, resultando em
possiveis danos as moléculas de 4cido desoxirribonucleico (DNA) (QUEIROZ et al., 2013; DE
LIMA et al., 2016).

A avaliacao da genotoxicidade causada pelo uso de determinadas substancias, isolada
de outros ensaios, ndo deve ser utilizada como padrao de medida de carcinogenicidade. Além
disso, apesar dos estudos de genotoxicidade estarem frequentemente associados a medida
inicial ou intermedidria da tumorigénese, seus resultados subsidiam apenas a andlise de
tendéncia a carcinogenicidade proveniente do uso de substancias naturais ou sintéticas
(RIBEIRO, 2003).

Sao caracterizados como genotoxicos aqueles compostos, naturais ou sintéticos, que,
em interacdes com o DNA, causam lesdes estruturais ou funcionais as quais podem ou nao se
fixar no gene e gerar mutagdes. Essas lesdes génicas, por sua vez, sdo danos quantificaveis por
meio de testes in vitro e in vivo. Ademais, as exposi¢des cronicas aos agentes genotoxicos
aumentam a probabilidade de inicia¢ao de tumores (ANVISA, 2013; SALES et al., 2018).

Deve-se ressaltar também que os compostos considerados genotdxicos nem sempre sao

mutagénicos, pois lesdes génicas sdo passiveis de correcdo pelo sistema de reparo do DNA.
Entretanto, todos compostos que causam mutagdo génica sdo, obrigatoriamente, genotoxicos
(HAYASHI et al., 1990; DE FLORA; FERGUSON, 2005).
Com base em seus efeitos, os agentes genotoxicos sao classificados em: 1) Genotoxicos ou
agentes indutores de danos no DNA; 2) Mutagénicos ou agentes indutores de lesdes génicas e
mutagdes génicas; 3) Carcinogénicos ou agentes indutores de cancer; e 4) Teratogénicos ou
agentes indutores de anomalias congénitas (NATARAJAN, 1993; SAKS et al., 2017;
TRAESEL et al., 2017).

Assim, tendo em vista as associagdes estabelecidas entre mutagdes com a instabilidade
gendmica, o desenvolvimento do cancer e doengas congénitas, descritas em inimeros estudos,
as agéncias regulatorias FDA, EMA e a ANVISA preconizaram o desenvolvimento dos testes
de genotoxicidade para avaliar o provavel risco no consumo de novas substancias, € contribuir
para prospec¢ao de novos farmacos ou fitoterdpicos (RIBEIRO, 2003; ANVISA, 2013).

Usualmente, os ensaios biologicos sdo indicadores genotdxicos, pois quantificam e

qualificam as lesdes génicas, a mutagao génica, € os danos cromossomicos (BARBISAN et al.,
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2003; RIBEIRO, 2003). Entre os ensaios mais usuais para avaliacdo da genotoxicidade e
mutagenicidade, destacam-se o teste Ames, o Ensaio do Cometa (HARTMANN et al., 2003;
GONTIJO; TICE, 2003; TICE et al., 2003; SPIVAK et al., 2009; SPIVAK, 2015), o Ensaio de
micronucleo em sangue periférico (HAYASHI et al., 1990), o Teste de Microntcleo em medula
O0ssea (HAYASHI et al., 1990) e o teste SMART, que investigam ndo somente a
mutagenicidade, mas também a atividade recombinogénica (GRAF & VAN SCHAIK, 1992).
Outrossim, diversos estudos demonstraram que ensaios biologicos de outras areas sao
considerados complementares aos testes classicos da toxicogenética (ROVOZZO; BURKE,
1973; ISHII et al., 2011; MAURO et al., 2011). Entre eles, destacam-se o ensaio de apoptose,
de fagocitose esplénica e a contagem diferencial de leucdcitos, os quais permitem uma
avaliacdo dos efeitos imunomodulatérios em resposta a exposicdo aos novos compostos

(BRAIT et al., 2015; ARAUJO et al., 2017).

2.7. Ensaios bioldgicos
2.7.1. Teste de Ames

O teste de Ames foi desenvolvido para deteccao de agentes quimicos capazes de induzir
mutacoes génicas no organismo em exposi¢ao (AMES et al., 1971). Todavia, ao longo dos
ultimos anos, observou-se a tendéncia na qual diversas pesquisas empregam o teste para
avaliacdo do potencial mutagénico de plantas medicinais ou produtos naturais, fato corroborado
pela ampla busca por plantas com propriedades terapéuticas. Tais evidéncias também sdo
descritas em estudos de Sponchiado e colaboradores (2016), justificando a importancia do
modelo na avaliagdo mutagénica para a prospec¢do de novos medicamentos.

Paralelamente, o teste também é conhecido como teste de Salmonella/microssoma,
sendo um dos principais métodos para investigar a mutagenicidade in vitro. Esse teste, que
emprega as linhagens de Salmonella entérica (Salmonela Typhimurium), ¢é utilizado
recorrentemente em pesquisas e validado pelas agéncias regulatérias em todo o mundo
(GRIFFITHS et al., 2006).

Entre as linhagens mais usuais, diversos autores enfatizam o uso de TA98 e TA100, pois
sdo derivantes da parental LT-2, possuem caracteristicas auxotrdficas para histidina (kis-) e,
principalmente, sdo construidas para detectar mutagdes do tipo deslocamento de quadro de
leitura ou substitui¢do de pares de base no DNA, além de outras mutagdes adicionais (MARON;

KATZENELLENBOGEN; AMES, 1981; MARON; AMES, 1983; GRIFFITHS et al., 2006).
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Nesse sentido, devido a auxotrofia para (his-), as linhagens de S. Typhimurium sao
incapazes de se desenvolver e formar colonias na auséncia do respectivo aminoacido. No
entanto, quando sdo expostas a substancias mutagénicas, consequentemente restauram as
fungdes de genes do operon e propiciam a sintese de histidina. Nesta exposicdo, as células
lesionadas crescem e formam coldnias, mesmo que ndo haja presenca constante de (Ahis-)
(MARON ¢ AMES, 1983; MORTELMANS ¢ ZEIGER, 2000).

Além das mutagdes nos genes do operon, que € responsavel pela inibigao da biossintese
de histidina, também foram desenvolvidas outras mutacdes adicionais nas diferentes linhagens.
Tais caracteristicas podem assegurar a versatilidade do amplo uso do teste de Ames e garantir
maior sensibilidade para avaliagdo de mutagenicidade. Entre estas mutagdes adicionais,
destacam-se a mutacdo rfa, a delecdo uvrB e a insercdo dos plasmidios pKM101 e paQl
(MORTELMANS e ZEIGER, 2000).

Ainda nesse contexto, dentre outras adaptacdes feitas para realizagdo do teste de Ames,
uma das mais importantes foi a inclusdo do sistema de metabolizagdo exdgena, pois as
linhagens de S. Typhimurium sdo consideradas incapazes de metabolizar compostos quimicos
via citocromo P450 e ativa-los como comumente ocorre em mamiferos (AMES et al., 1973).
Enzimas do citocromo P450 se expressam normalmente no figado, e por esse motivo, no teste
de Ames, pode ser utilizado o homogenato da fracao microssomal S9 extraida do figado de rato
da linhagem Sprague-Dawley, apds tratamento com solu¢do de bifenil policromida,
desencadeando o aumento desta enzima no figado. Nesta perspectiva, o teste de Ames pode ser
realizado na presenca (+ S9) e auséncia (- S9) de sistema de metabolizacdo exdgena,
viabilizando a andlise e diferenciagdo entre compostos de acdo direta e indireta (AMES et al.,

1973).

2.7.2. Ensaio do cometa

Por inimeras vezes, os seres vivos sao expostos a substancias quimicas, agentes fisicos
e biologicos, sendo que, em consecutivas exposicdes, estes agentes exdgenos interagem com o
material genético das células. Como resposta destas interagdes, surgem as lesdes génicas que,
em termos genéticos, sao distintas das mutacdes génicas (TIAN et al., 2015).

Deve-se enfatizar que o sistema de reparo do DNA age antes que as lesdes se fixem no

material genético. No entanto, ainda ha possibilidade de erros nos reparos, e frente a essa
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possivel ineficiéncia, os danos podem se tornar permanentes. Com isso, podem ser causadas
mutagdes génicas na célula mae e, subsequentemente, afetarem-se as células filhas. Neste caso,
sdao ativadas cascatas de mecanismos moleculares para eliminagao dos danos no gene por
fagodcitos ou por apoptose (MAURO et al., 2011; TIAN et al., 2015; ARAUIJO et al., 2017;
TRAESEL, et al., 2017).

Neste sentido, quantificar as lesdes génicas auxilia na compreensdo de propriedades das
substancias quimicas, dos agentes fisicos e biologicos, incluindo a possibilidade de avaliagao
do uso seguro das plantas de uso popular, contribuindo entdo para a elucidacdo dos efeitos
colaterais e do potencial genotoxico (OECD, 2016a).

Para tanto, tem-se o ensaio do cometa, ou “SGC - Single Cell Gel assay”, que possui
alta confiabilidade e ¢ amplamente aceito em diversas pesquisas, pois representa uma técnica
simples, rapida, versatil, robusta e de baixo custo. Além disso, seu protocolo pode ser executado
em menos de 24 horas, sendo utilizado em diversas pesquisas, como em biomonitoriza¢ao
(CORTES-GUTIERREZ et al., 2012; COLLINS et al., 2014; COLLINS, 2015), ecotoxicologia
(FRANCISCO, et al., 2018), engenharia genética (LANGIE et al., 2011; HUK et al., 2015),
epidemiologia molecular (KRUSZEWSKI et al., 2012), genética médica e genética
toxicologica (DA SILVA; ERDTMANN; HENRIQUES; 2003; ARALDI et al. 2015).

O protocolo estabelecido para o ensaio do cometa pode ser realizado com todos os tipos
de células eucariontes, especialmente animais, embora muitas técnicas para padronizagao deste
ensaio tenham surgido para andlise de lesdes gendmicas em células vegetais - o Allium cepa
ainda ¢ o método alternativo mais eficaz, por exemplo, (SOUZA et al., 2020). Este ensaio ¢
desenvolvido em pH alcalino, de forma que as células sdo depositadas em ldminas previamente
recobertas por gel de agarose, responsavel pela imobilizagdo das células depositadas. As
estruturas lesionadas do DNA, nesse momento, ainda estdo compactadas e superenroladas,
mesmo que tenham ocorrido quebras simples, sitios labeis alcalinos e cross/inks resultantes do
potencial genotoxico da substancia teste.

Ap06s o depodsito em solugdo de lise para prevencao da hemdlise, as laminas seguem para
o tampao alcalino, onde ocorre a desnaturacao e liberacdo das histonas. Assim, posteriormente,
torna-se possivel o relaxamento para o desdobramento da dupla fita de DNA e exposi¢ao das
porcdes lesionadas. Dessa maneira, em meio a eletroforese, os danos (clastogénicos) migram
no sentido oposto ao nucleoide e em dire¢do ao catodo (Figura 11). Esse arraste forma uma
estrutura similar a um cometa, caracteristica tal que subsidia o nome da técnica (SINGH et al.,

1988).



58

Incubacéo alcalina; corrida de
eletroforese

Lise "N
4 —
Célula fixada em gel de agarose  DNA extravasado e condensado DNA puxado para o lado, dando o

aspecto de "cometa"

Figura 11. Células submetidas a solug@o de Lise e corrida de eletroforese. Fonte: Mezzalira, Funchal, Dani (2014).

Ademais, deve-se ressaltar que sdo analisadas um total de 100 células por animal/
lamina. Inicialmente, faz-se uma andlise quantitativa, avaliando a quantidade de células com
danos e confirmando-se a presenga de cometas. Com isso, estes sdo classificados em: (Classe
0) células ndo danificadas que ndo mostram nenhuma cauda; (Classe 1) células com tamanho
de cauda inferior ao didmetro do nucleoide; (Classe 2) células com tamanho da cauda 1-2 vezes
o didmetro do nucleoide; e (Classe 3) células com tamanho de cauda maior do que duas vezes
o didmetro do nucleoide. Tal classificagdo tem relevancia, pois o tamanho da cauda ¢
proporcional & quantidade de danos (Figura 12), apesar de a quantificagdo de fragmentos em
software estar diretamente relacionada a qualidade e as condigdes da eletroforese (TRAESEL
etal., 2017).

Outro dado calculado ¢ o score por grupo, que ¢ determinado com base na soma da quantidade
total de danos vezes a respectiva classe a qual foi qualificado (SINGH et al., 1988). A descrigdo
metodoldgica deste ensaio, em sua versdo de pH alcalino, fomentou a avaliagdo do potencial
genotoxico do Inf-L-At em Células Mononucleares de Sangue Periférico (PBMCs- Peripheral
Blood Mononuclear Cells) em ratos Wistar em tratamento agudo, e consta na integra no Artigo

III.
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Direcdo da migra¢ao

Comprimento Comprimento da cauda e %
da cabeca de DNA na cauda

Figura 12. DNA apos exposicdo a eletroforese, com estrutura subdivida em nucledide intacto e cauda em tamanho
proporcional as lesdes génicas. Fonte: Gontijo, Tice (2003).

2.7.3. Ensaio de micronucleo

Exposicdes agudas ou acumulativas a agentes quimicos, fisicos e bioldgicos podem
causar danos no DNA, e quando ndo ha um mecanismo de reparagdo eficiente, originam-se
mutagdes génicas, as quais, em acumulagdes progressivas ao longo dos ciclos de reproducao
celular, representam um dos fatores de iniciacdo e desenvolvimento do cancer (DE FLORA;
FERGUSON, 2005).

Nesse contexto, o termo microntcleo surgiu em 1951, com a descoberta de fragmentos
acéntricos produzidos durante os estagios tardios da anafase e eliminados pelo ntcleo, sendo
também descritos como corpusculos de Howell-Jolly (KRISHNA; HAYASHI, 2000). Sao
formados basicamente por meio de rupturas cromossdmicas (clastogénese) ou pelo bloqueio do
fuso mitdtico, cujo evento € a aneugénese.

O ensaio de micronicleo ¢ um indicativo de mutagenicidade e da tendéncia
carcinogénica das substancias, pois detecta quebras cromossomicas e aneuploidia resultantes
da exposi¢ao exdgena (ARALDI et al., 2015). Dessa maneira, ¢ amplamente recomendado pelas
agéncias internacionais e institutos governamentais (OECD, 2016b), e compde a bateria de
testes para avaliacdo toxicogenética in vivo e in vitro de novas substancias. Isso se da
especialmente quando ha relevancia no uso popular ou evidéncias de propriedades
farmacoldgicas, medicinais ou nutricionais (HAYASHI et al., 1990), além de ser indispensavel

para o registro de produtos quimicos ou novos farmacos (ARALDI et al., 2015).
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Em associagdo a compostos mutagénicos como o0s quimioterapicos, outros dois
mecanismos podem ser avaliados: 1) Potencializa¢do dos efeitos mutagénicos dos fairmacos de
referéncia; e 2) A¢ao antimutagénica, com redu¢do do potencial mutagénico dos respectivos
quimioterapicos. Ambos mecanismos contribuem para investigacdo dos efeitos
quimiopreventivos de novos farmacos (HAYASHI et al., 1990; ARAUIJO, et al., 2017).

O ensaio tem como base o processo de formacdo de eritrocitos, denominado
eritropoiese, que ocorre na medula 6ssea e baco de roedores adultos. Fisiologicamente, em
aproximadamente 6 horas apds a mitose, a fase de eritroblastos ortocromaticos expulsa o ntcleo
e origina os eritrocitos policromaticos (PCEs). Posteriormente, estas células sofrem maturagao,
e a partir delas surgem os eritrocitos normocromaticos (NCEs).

No que concerne o presente trabalho, o desenho experimental para avaliacdo do
potencial mutagénico do Inf-L-At ¢ baseado no protocolo “Mammalian Erythrocyte
Micronucleus Test” (OECD, 2016b). Além disso, a condu¢do do ensaio ocorre de modo
semelhante ao ensaio cometa, ambos os ensaios fazem parte do delineamento experimental em
toxicogenética proposta para esta pesquisa. Em suma, animais de ambos os sexos sio
randomizados em cinco grupos, sendo dois grupos controles e trés grupos teste, em tratamento
agudo por trés dias consecutivos com as diferentes doses do Inf-L-At.

Ao final do periodo de tratamento, a extracdo da medula d6ssea dos animais ocorre a
partir do fémur, e apds a confeccdo das laminas e coloracdo com Giemsa (GOLLAPUDI;
KAMRA, 1979), sdo analisadas 2000 células totais (Figura 13). A investigacdo subsequente da
frequéncia de MPCEs (eritrocitos policromaticos micronucleados) propicia a avaliagdao
mutagénica. Além disso, determina-se o potencial citotoxico por meio da relagdo estabelecida
entre o nimero de PCEs e NCEs.

O ensaio de microntcleo em sangue periférico também € aplicado para elucidacdo dos
efeitos temporais e imunomodulatdrios envolvidos em possiveis eliminagdes de mutagdes.
Nesta fase experimental sdo coletados 20 pl de sangue periférico por animal em trés tempos
distintos (24 horas; 48 horas e; 72 horas) ap6s a primeira administracao do Inf-L-At.

As laminas sdo previamente preparadas com alaranjado de acridina e utilizadas durante o ensaio
(HAYASHI; SOFUNI; ISHIDATE, 1983; HAYASHI et al., 1990).

Este corante possui sua funcao intercalante, pois quando interagem com moléculas de
DNA, sua fluorescéncia se apresenta em verde-amarelo e, quando intercala com RNA, sua
fluorescéncia torna-se vermelha, o que facilita a identificagdo dos micronucleos (Figura 14)

(HAYASHI et al., 1990).
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(b)

o

(c)
(a)

Figura 13. Eritrocitos extraidos da medula 6ssea, submetidos a colorag@o por Giemsa: (a) Eritrocito policromatico
micronucleado, (b) eritrocito policromatico normal e (c) eritrocito normocromatico. Fonte: Ribeiro, Salvadori,
Marques (2003).

Por fim, vale ressaltar que a associagdo de ambos os testes (micronucleo e cometa) €
considerada padrao-ouro em genética toxicoldgica, pois estes sdo eficientes quanto ao poder

estatistico, a versatilidade, ao baixo custo, ¢ a agilidade na obtenc¢do dos resultados.

Figura 14. Eritrocito policromatico micronucleado no sangue periférico. Fonte: o autor (2020).
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2.7.4. Teste para deteccio de Mutacio e Recombina¢io Somatica (SMART)

Modelos alternativos sdo efetivamente aplicados em diversas areas de pesquisa, como
em toxicologia e farmacologia, e possuem maior aceitagdo ética, pois sao representados por
pequenos animais nao-mamiferos como nematodeos (Caenorhabditis elegans), peixe-zebra
(Danio rerio) e moscas (Drosophila melanogaster). Estes modelos dispensam aprovagdo do
comité de ética e podem ser implantados com facilidade em pequenos laboratdrios, exigindo
pouca estrutura e baixo investimento. Além disso, sdo eficientes, versateis e apresentam
reproducao rapida, com ampla utilizagdo na condu¢do de ensaios de genotoxicidade (GLAVIS-
BLOOM; MUHAMMED; MYLONAKIS, 2012).

Dentre esses modelos, o teste SMART ¢ realizado com uso da espécie Drosophila

melanogaster, tipico invertebrado da classe Insecta conhecido como mosca-da-fruta. Apresenta
anatomia complexa, tamanho pequeno e ciclo de vida curto, com aproximadamente 10 dias de
diferenca entre a sua forma de ovo a forma fértil (Figura 15 e 16).
A utilizagdo de linhagens de Drosophila melanogaster ocorreu apos 1910, com a teoria
cromossomica da heranga genética, desenvolvida por Thomas Morgan, cuja pesquisa a partir
de cruzamentos entre D. Melanogaster identificou o gene White, e serviu de base para definir
que os cromossomos sdao portadores de genes (GLAVIS-BLOOM; MUHAMMED;
MYLONAKIS, 2012).

Segundo Hoffmann, (2003) e Lemaitre, (2004), a espécie de D. melanogaster
apresenta sofisticada resposta imune inata, com genes e vias semelhantes as de mamiferos.
Estas caracteristicas atribuidas a D. melanogaster sao predile¢ao para avaliagdo genotoxica de
plantas medicinais. Por meio dele, ¢ possivel analisar mutagdes génicas, delecdo e
recombinagdes, além de analisar especificamente a perda de heterozigosidade frente a
exposicoes a agentes genotoxicos (GRAF et al., 1984; VOGEL et al., 1998; FRAGIORGE et
al., 2008).

Para tanto, o teste SMART tem como principio bésico a proliferacio de grupos
celulares de discos imaginais durante a mitose. Consequentemente, apOs exposicdo a
substancias genotoxicas, a provavel alteracdo genética surge em células do disco imaginal que
ira originar a asa e posteriormente, sdo formados clones de células mutadas, expressos em
manchas distribuidas na superficie das asas das moscas (Figura 17 e 18) (GRAF, 1995).

Ademais, o teste SMART se mostra eficiente para avaliar a genotoxicidade (mutacido e



63

recombinagdo), a biotransformacdo e os potenciais antigenotdoxicos (ABRAHAM; GRAF,

1996; YUN et al., 2000).

Figura 15. Drosophila melanogaster, por¢ao em destaque indicando o apéndice sexual de machos separados com
auxilio de microscopio estereoscopio binocular (Lupa). Fonte: o autor (2000).

Figura 16. Drosophila melanogaster, por¢ao em destaque indicando o apéndice sexual de fémeas separadas com
auxilio de microscopio estereoscopio binocular (Lupa). Fonte: o autor (2000).
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Figura 17. Superficie da asa de Drosophila melanogaster, dividida em setores de A, B, C, D ¢ E. Fonte: Graf et
al. (1984).

N

Figura 18. Fragmento do setor A e B na superficie da asa, manchas gémeas com pelos /I € tricomas mwh. Fonte:
o autor (2020).

Assim, nesta pesquisa, o teste SMART ¢ realizado por meio de cruzamentos entre trés
linhagens mutantes de D. melanogaster, portadoras dos seguintes marcadores recessivos das
células das asas: multiple wing hairs (mwh, 3-0,3) e flare-3 (fIr°, 3-38,8): [1] linhagem multiple
wing hairs (mwh), com constitui¢ao genética y; mwh jv; [2] linhagem flare3, com constituicao

genética fIr3 / In (3LR)TM3, ri p® sep 1(3)89Aa bx** e Bd®; [3] linhagem Oregon R, flare-3,
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com constitui¢do genética ORR; fIr’ / In In (3LR)TM3, ri pP sep 1(3)89Aa bx** e Bd® (Figura
19),

Pé&los normais |

Cromossomos 18 2 provenientes
da linhagam Oragon =
Alta atividade do citocromo P-450

Figura 19. Caracterizacdo das linhagens de D. melanogaster, morfologia da asa; estrutura do par de cromossomos

3, com posi¢do dos genes mutantes; e caracteristicas dos pelos das linhagens mwh (A), fir3 (B) e ORR/fIF°. Fonte:
Valadares (2000).
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O marcador fI° em homozigose é letal, por isto foi desenvolvido um cromossomo
balanceador TM3, Bd® (Third Multiple 3, beaded-serrate) que mantém a heterozigose da
linhagem. A presenca deste balanceador torna invidvel a recombinagdo, entre cromossomos
homologos, devido a presenca de multiplas inversdes neste cromossomo. A indugdo da perda
de heterozigose destes marcadores nas células dos discos imaginais da larva, por tratamento
com compostos genotodxicos, leva a formacdo de clones de células mutantes, os quais se
expressam, apos a metamorfose, em mancha mutante na asa (GRAF et al., 1984).

Com essas linhagens, sao realizados dois diferentes cruzamentos: 1) cruzamento padrao
(ST-standard cross) entre machos ‘mwh’ e fémeas virgens flr3 (GRAF et al., 1984), e 2)
cruzamento de alta bioativacao (HB- high bioactivation cross) entre machos ‘mwh’ e fémeas
virgens ORR/flr3 (GRAF & VAN SCHAIK, 1992). A linhagem ORR possui 0os cromossomos
1 e 2 provenientes da linhagem Oregon R(R), resistente ao DDT, contendo genes responsaveis
por alto nivel de enzimas de metabolizagdo, citocromo P-450. Ambos os cruzamentos
produziram individuos trans-heterozigotos marcados (MH), com constituicdo genotipica
mwh/flr3, e individuos heterozigotos balanceados (BH), constituidos por mwh/TM3, Bds,
caracterizados pelo aspecto fenotipico de asas com bordas recortadas (serrate) Figura 20). O
protocolo de tratamento ¢ conduzido conforme estudos recentemente publicados, com

metodologia descrita na integra no Artigo II em anexo.

\ 11N

)

Figura 20. Fotografias de pares de asas de D. melanogaster: A — Asas com bordas lisas; caracteristica dos
individuos da linhagem “mwh”, herdada pelos descendentes trans-heterozigotos marcados (MH); B — Asas com
bordas recortadas (serate); caracteristica dos individuos das linhagens “flr3” e “ORR; flr3” e herdada pelos
descendentes heterozigotos balanceados (BH). Fonte: Valadares (2020).
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2.7.5. Ensaios imunomodulatorios

Diversos metabolitos ativos nas plantas sdo considerados recursos naturais promissores
para prospeccdo de novos farmacos e fitoterapicos. Entretanto, a auséncia de estudos sobre os
mecanismos de acao de agentes quimicos, frente a complexidade do sistema imunologico, pode
comprometer o uso clinico destes recursos e seus derivados, principalmente pelas limitagdes
em pesquisas imunomodulatérias (MAKARE et al., 2001).

O sistema imunologico € caracterizado pela complexidade na cooperagdo estabelecida
com os demais sistemas no corpo, além de sofisticacao na resposta de defesa para homeostase
do organismo, envolvendo diversos componentes moleculares e celulares durante seu
funcionamento (ABBAS, 2008; JUNIOR et al., 2020). Assim como as moléculas endogenas
sdo capazes de controlar invasdes de agentes exdgenos e patdogenos, também sdo capazes de
distinguir as particulas do proprio organismo daquelas oriundas do meio externo (TIZARD,
1998; ABBAS, 2001).

Conceitualmente, a resposta imune pode ser dividida em: 1) imunidade inata, que
representa respostas rapidas a estimulos moderados, sem necessidade de ativagdo. Ocorre
independente de contato prévio com imundgenos ou patdgenos, e também nao sofre alteragdo
quanti-qualitativa frente a exposicdo, sendo caracterizada pelas barreiras bioldgicas, fisicas e
quimicas, pelas células especializadas e pelo sistema fagocitico; e 2) imunidade adaptativa, que,
em contraposi¢do a imunidade inata, ¢ caracterizada pela dependéncia de células especializadas
e de moléculas soluveis oriundas dos linfécitos, como as aminas e peptideos vasoativos,
mediadores lipidicos, citocinas, quimiocinas e enzimas proteoliticas, envolvidas na ativacao da
resposta. Possui ampla especificidade, com reconhecimento de memoria e especializagdo de
resposta (MACHADO et al., 2004; CRUVINEL et al., 2010).

Entre os principais mecanismos de resposta da imunidade inata, destacam-se a
fagocitose, a producdo e liberacdo dos mediadores inflamatorios, e a sintese das proteinas
citocinas e quimiocinas. Tais mecanismos sdo ativados pelas células efetoras, classificadas em
macrofagos, neutrofilos, células dendriticas e Natural Killer (NK) (JANEWAY, 2000;
CRUVINEL et al., 2010; MEDZHITOV).

A ativagdo da imunidade inata ndo ¢ dependente somente dos linfocitos. Nesta resposta
imunoldgica, as células apresentadoras de antigenos (APCs) também exercem papel essencial
para o inicio do processo, por meio do mecanismo de apresentagao de antigenos em associagao
ao complexo principal de histocompatibilidade (MHC, major histocompatibility complex)

(DELVES; ROITT, 2000).
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Em comparacdo, ambas respostas imunes sdo constituidas por células tipicas, com
funcdes reguladoras e responsaveis pela ativagao ou supressao das respostas imunoldgicas. Esta
relagdo também ¢ conhecida como autorregulagdo e ocorre apds a liberagdo de
imunomoduladores (HOLLAND & VIZI, 2002; MACHADO et al., 2004). Com a ativagao de
respostas imunes por meio de exposi¢do aos agentes exdgenos, O organismo reage com a
liberagdo destes imunomoduladores, que podem apresentar efeitos inibitorios, estimulatorios,
ou entdo agir simultaneamente, estimulando algumas células do sistema imune e suprimindo
outras (DE OLIVEIRA; NUNES-PINHEIRO, 2013).

Neste contexto, pesquisas com imunomoduladores tornam possivel a manipulagdo do
sistema imunologico, na tentativa de assegurar homeostase e reduzir efeitos adversos oriundos
de terapias farmacéuticas, doencas neurodegenerativas ou tumores (DUTTA, 2002). Em
sintese, entre os principais eventos imunomodulatérios, destacam-se a fagocitose, a ativagdo de
leucdcitos e a apoptose, que constituem as principais etapas da resposta imunoldgica inata

(ABBAS et al., 2001).

2.7.5.1. Contagem diferencial das células do sangue

Os leucocitos sdo células brancas presentes no tecido sanguineo e atuam no sistema
imunologico. Sdo subdivididos em tipos celulares com especificidade distintas para a defesa do
organismo e caracterizadas especialmente pela capacidade de gerar memoria imunologica para
modular a resposta imune mediante as exposi¢des aos imunogenos e patogenos (WANG, et al.,
2015).

Diante disso, este ensaio ¢ realizado por meio da metodologia de contagem diferencial
de leucocitos circulantes no sangue (Figura 21), sendo estes: 1) neutrofilos, que atuam como a
primeira linha de defesa do organismo contra agentes infecciosos apos o surgimento de lesdes.
Sao recrutados para impedir infeccdes causadas pelos agentes exdgenos e também sao
responsaveis pela morte do patégenos e retirada dos danos via fagocitose (MAYADAS et al.,
2014); ii) eosindfilos, tipicos leucdcitos com ag¢do mediadora em processos inflamatérios
associados a alergias e reacdo a verminoses, além de sintetizar citocinas e quimiocinas para
auxiliar na reparacdo em lesdes teciduais (MAZZEO et al.,, 2015); iii) basofilos, que
representam o menor numero de leucdcitos circulantes e sdo células efetoras de reacgdes de
hipersensibilidade envolvidas na produ¢do de histaminas (GALLI, 1993); iv) mondcitos,
células dependentes de fatores de transcri¢ao que estao envolvidas na sua produgdo e ativagao,

além de originarem os macrofagos e poderem participar do processo de fagocitose (TAMURA



69

et al., 2015); e v) linfécitos, que em roedores sdo os leucocitos em maior proporgdo € sao
responsaveis pela defesa do organismo, apresentando-se em trés tipos basicos - linfécitos B,
linfocitos T e células NK.

A contagem diferencial dos leucécitos subsidia a interpretacdo do funcionamento do
estado imunologico apos a exposi¢do, além de ser amplamente indicada para investigacao de
alergias. infeccdes e outras doengas hematologicas em mamiferos (REZATOFIGHI;
SOLTANIAN-ZADEH, 2011 ZON, 1995; ISHII et al., 2011; ARAUIJO, et al., 2017).

Para a condugdo do ensaio de imunomodulagdo, os mesmos animais delineados para o
ensaio do cometa e de microntcleo, também serdo utilizados no respectivo ensaio,
posteriormente, uma gota de sangue periférico ¢ extraida de cada roedor, para a confecgdo de
laminas histoldgicas por meio da extensdo sanguinea e, 24 horas depois, as respectivas laminas

sdao submetidas a coloracao com azul de metileno e eosina, dissolvidos em metanol.

Figura 21. Leucécitos e hemacias do sangue periférico; A — linfocito; B- neutréfilo; C- eosinéfilo; D- linfocito
e monocito; E e F- neutréfilos. Fonte: o autor (2020).

A pigmentagdo celular ocorre de acordo com o pH, o que permite a diferenciacdo
morfologica dos subtipos de leucdcitos. Por fim, quantifica-se um total de 100 células/ animal

com o auxilio de microscopia de campo claro com aumento de 400 vezes (ISHII et al., 2011).
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2.7.5.2. Fagocitose esplénica

O bago ¢ um 6rgdo abdominal concavo com estrutura complexa, envolvido na filtracao
do sangue, na sele¢do de leucocitos vidveis e na remog¢do de células lesionadas por meio do
mecanismo de fagocitose. Em neonatos, possui fun¢ao hematopoiética, enquanto que, em
adultos, contribui na manutengao de anticorpos e linfocitos dos tipos B ¢ T (FREITAS et al.,
2009; ARAUJO et al., 2017).

Dentre os subtipos de leucocitos, os macréfagos e neutrofilos sdo especializados em
englobar particulas, lesdes e patogenos e retira-los das células e tecidos com o auxilio de sua
capacidade fagocitiria, com presenga de receptores especificos para reconhecimento de
antigenos (KIERSZENBAUM; TRES, 2012). Estes receptores se fixam na superficie das
particulas, com sobreposi¢do da membrana celular sobre os residuos causadores dos danos,
onde atuam filamentos de actina, e circundam a particula englobada. Por fim, através das
proteinas contrateis, formam a vesicula fagocitica, cujo armazenamento ocorre no interior
celular (KIERSZENBAUM; TRES, 2012).

A fagocitose ¢ a primeira linha de defesa do organismo, propiciando a eliminacdo de
células com lesdes génicas, como as células micronucleadas (ISHII et al., 2011). Neste ensaio,
a determinacdo de evidéncia ou ndo de fagocitose ¢ baseada segundo a descri¢cdo de Hayashi et
al. (1990), em que ¢ realizada a maceragdo do bago para a obtencdo de suspensdo celular
homogénea. Para a confec¢do e coloracdo prévia das laminas, ¢ utilizado o alaranjado de
acridina (1mg/mL), e ap6s a deposicao da suspensao celular sobre a 1amina, estas sdo estocadas
em freezer até a analise. Este ensaio ¢ quali-quantitativo, analisando-se 200 células por animal.
A auséncia ou presenca de fagocitose ¢ baseada na descricdo de Hayashi ef al. (1990), e ¢
realizada por intermédio de microscopia de fluorescéncia com objetiva de 400 vezes (Figura

22) (ISHII et al., 2011).
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Figura 22. Leitura de fagocitose. a) Evidencia de fagocitose, b) Sem evidencia de fagocitose. Fonte: o autor
(2020).

2.7.5.3. Apoptose

A apoptose ¢ um dos mecanismos de eliminagdo de células que possuem alteragdes
fisiologicas ou lesdes génicas que possam desestabilizar a homeostase organica.
Tradicionalmente, ¢ conceituada como via de morte celular programada, sendo mediada pela
ativacdo de enzimas caspases (KUMAR et al., 2010; MACHADO et al., 2013). Esse processo
possibilita a eliminacdo de lesdes do DNA, pois, caso o sistema de reparo do DNA seja
ineficiente, a propria célula sinaliza eventos intrinsecos indutores de apoptose (MACHADO et
al., 2013).

No inicio da apoptose, o citoplasma ¢ condensado e o nucleo sofre compactagao, de
forma que, posteriormente, a fragmentagdo do material genético ocorre em subunidades
denominadas oligdmeros (SIEGEL et al., 1999). Na fase seguinte do processo apoptotico, as
células fragmentadas dao origem a diversos corpos apoptoticos, que serdo eliminados por meio

de fagocitose (MAURO et al., 2011).
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Entretanto, quando ha falhas no mecanismo de eliminagdo das células lesionadas,
consequentemente, surge uma exponencial quantidade de células com as respectivas lesoes.
Isso se deve, por exemplo, a interferéncia no ciclo celular e proliferacdo excessiva,
caracteristicas em evidéncia em diagnosticos de canceres (BELTRAO-BRAGA; TEIXEIRA;
CHAMMAS, 2004; ARAUIJO et al., 2017).

Neste ensaio, as células apoptéticas sdo identificadas pelo padrio de analise de
fragmentacao do material genético, mediante a coloragdo com o alaranjado de acridina, de
suspensoes celulares provenientes do figado e rins de cada animal do delineamento
experimental de toxicogenética (Figura 23).

Para isso, o figado e os rins s30 macerados individualmente e, apds preparacdo de
esfregaco, as 1aminas seguem o protocolo de fixacdo em Carnoy por 5 minutos. Depois, estas
sdo expostas a concentragdes decrescentes de etanol nas proporgoes de 95% a 25%, e ap0s isso,

sdo lavadas com solugdo de Tampao Mcllvaine por 5 minutos, submetidas a coloragdo com

alaranjado de acridina (0,01%) por 5 minutos, e finalmente passam pela tltima lavagem em

solucao de Tampao Mcllvaine ( MAURO et al., 2011; ARAUJO, et al., 2017).

Figura 23. Ensaio de apoptose de células do figado. A) Células normais. B) Células célula apoptoticas. Fonte:
Adaptado: Carvalho et al. (2015).
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2.7.6. Delineamento experimental da toxicogenética e imunomodulacio

Para o delinecamento sdo randomizados 50 animais em cinco grupos (trés grupos

recebem uma das doses do Inf-L-At, outros dois sdo grupos controles). Cada grupo recebe o n=
5 fémeas e n= 5 machos, sendo esses
Grupo Controle Negativo: os animais recebem o veiculo do Inf-L-At (uma mistura de solucao
hidroalcoodlica 5% no volume de 1 mL/200g p.c., v.0.) e da ciclofosfamida (solugdo fisiologica
no volume de 0,1 mL/10g p.c. i.p.), simultaneamente.
Grupo Controle Positivo: os animais recebem o veiculo do Inf-L-At (solu¢ao hidroalcodlica
5% no volume de 1mL/200g p.c., v.0.) e a ciclofosfamida (50mg/kg p.c., i.p.) respectivamente.
Grupo Inf-L-At: os animais recebem o Inf-L-At no volume de (ImL/200g p.c., v.0.) em uma
das trés diferentes dosagens (62,5mg/kg; 125mg/kg; 250mg/kg p.c., v.0.). e o veiculo da
ciclofosfamida (solugdo fisiologica no volume de 0,1 mL/10g p.c. i.p), simultaneamente.

A coleta de micronucleos no sangue periférico ¢ estabelecida por pung¢do da veia caudal
em 24, 48 e 72 horas ap0ds o tratamento com Inf-L-At (T1, T2 e T3, respectivamente). O ensaio
para a contagem diferencial de células do sangue ocorre em T3. Apds a realizacdo dos ensaios
descritos, os animais machos também sdo racionalizados, e utilizados nos ensaios para
avaliacdo dos efeitos antihiperglicemiantes. Posteriormente, estes foram submetidos a anestesia
por inalacdo de isofluorano e eutandsia por deslocamento cervical. Quanto aos 6rgaos, sao
realizadas as coletas do bago, figado e rins para os estudos de fagocitose esplénica, apoptose, e

avaliacdo macroscopica.

3. OBJETIVOS
3.1. Geral

Avaliar a potencial atividade anti-hiperglicemiante, efeitos de toxicidade aguda,
genotoxicidade, mutagenicidade e imunomodulacdo do Infuso Liofilizado das folhas de

Aristolochia triangularis (Inf-L-At) em ratos Wistar.
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3.2. Especificos

3.2.1-

3.2.2 -

Analise de toxicidade
Realizar o screening fitoquimico do Inf-L-At;

Estimar a DL50 do Inf-L-At através da metodologia de toxicidade oral aguda “Up and-

Down” Procedure;
Investigar o potencial genotéxico do Inf-L-At in vivo pelo Teste Cometa;
Avaliar o potencial mutagénico in vitro e in vivo do Inf-L-At através do Teste de Ames

e Teste de Micronucleo em sangue periférico e medula 6ssea em ratos Wistar;

Avaliar o potencial citotoxico in vivo do Inf-L-At através do Teste de Micronucleo em
medula 6ssea em ratos Wistar;

Determinar o potencial mutagénico do Inf-L-At apds exposi¢ao aguda pelo Teste
SMART;

Caracterizar os efeitos imunomodulatérios do Inf-L-At através dos ensaios de

fagocitose, contagem diferencial das células do sangue e apoptose.

Analise do potencial antihiperglicemiante

Investigar o potencial efeito hipoglicemiante do Inf-L-At in vivo pelo Teste oral de
tolerancia a glicose (TOTG);

Avaliar a atividade das dissacaridases intestinais em ratos Wistar apds a administragao
de diferentes doses de Inf-L-At;

Determinar as concentragoes de glicogénio hepatico e muscular em ratos Wistar apos

administracao de diferentes doses de Inf-L-At.

4. CONCLUSOES

4.1. Geral

O Infuso Liofilizado das folhas de A. triangularis (Inf-L-At) ndo exibiu toxicidade aguda em

ratos Wistar. No entanto, nas respectivas doses avaliadas, h4 potencial & mutagenicidade in

vivo, descrita pelo teste Ames, teste de micronucleo e teste SMART. Além disso, constatou-se

também que o Inf-L-At possui efeitos hipoglicemiantes.
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4.2. Especificas

O Inf-L-At concentra altos teores de flavonoides;

Comparando-se as fases Inf-L-At-Acetato e Inf-L-At-Butandlica, percebe-se que o Inf-
L-At, consumido pela populagdo em forma de chas, apresenta quantidades minimas de

acidos aristoloquios, fato corroborado pelas analises quimicas;

De acordo com os resultados obtidos no ensaio de toxicidade aguda, nao houve
toxicidade sistémica nos grupos experimentais testados. Na avaliacdo do screening
hipocratico, os pardmetros analisados mantiveram-se ausentes, sugerindo auséncia de

toxicidade aguda durante o uso do Inf-L-At.

O tratamento agudo do Inf-L-At demonstrou que as maiores concentragdes sao
mutagénicas in vitro, com exponencial reversibilidade de linhagens TA100 (S+), além
de diagnostico positivo para inducdo de mutagdes nas concentragdes de 2.5 e 5.0
mg/mL, similarmente a DXR. In vivo, demonstrou efeitos genotoxicos e mutagénicos
em células do sangue e medula 6ssea. Neste contexto, as avaliagdes do screening
toxicogenético, evidencia que o consumo do Inf-L-At oferece risco, frente ao exposto,
causam danos no DNA de trés modelos experimentais amplamente recomendados pelas

agéncias regulatorias no mundo.

Os ensaios de fagocitose esplénica e de apoptose no figado e rins, corroboram os
resultados do ensaio cometa, previamente, o organismo exposto ao Inf-L-At, ativam
linfécitos, e os recrutam para o bago, com aumento na fagocitose das lesdes
idenfificadas. Apos o primeiro ciclo celular (24-48h), cascatas de capazes sdo ativadas,
e exponencialmente o Inf-L-At, potencializa as vias de apoptose, similarmente a CXP.
Outros mecanismos podem ativar as respectivas vias, como inativagdo da enzima
ribonucleotideo difosfato redutase, e pelo bloqueio causado em checkpoints G1/S e
G2/M, concomitantemente na presenca do dano no DNA, pela desregulacdo ou
inativacdo de genes de reparo. Evidéncias preliminares indicam que estes efeitos
imunomodulatérios, citotoxicos e mutagénicos possam estar correlacionados a presenca

de AAs, em espécies de Aristolochia spp.

O Inf-L-At demonstrou efeito anti-hiperglicémico com aumento no conteudo do
glicogénio hepatico, apresentando efeitos similares aos propiciados pela Glibenclamida.

No entanto, ndo houve altera¢des significativas no contetido do glicogénio muscular,
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haja vista que, em comparacao ao farmaco de referéncia com potencial antidiabético, os
valores registrados foram inferiores. Sugere-se entdo que a redugdo nos picos
glicémicos causados apos a administragdo do Inf-L-At ndo esteja relacionada somente
ao aumento do glicogénio hepatico, considerando que o Inf-L-At exibiu tendéncia a
inibi¢do na atividade das enzimas intestinais, em especial da maltase e lactase. Esta
diminui¢do na absor¢do de dissacarideos pelos enterocitos, pode ser uma possivel via
de manutencdo do efeito anti-hiperglicémico, pois manteve-se similar ao perfil de
inibi¢ao observado em animais tratados com Glibenclamida. No entanto, outros estudos
sobre os mecanismos de secrecdo de insulina s3o necessarios. Ademais, pode-se
correlacionar o efeito hipoglicemiante as altas concentragdes de flavonoides no Inf-L-

At.

Recomenda-se que novos estudos com os constituintes identificados na composi¢ao
quimica, das folhas de A. triangularis sejam explorados na forma isolada, para defini¢ao
do mecanismo de acdo, na hiperglicemia/diabetes, e possam corroborar as hipdteses

construidas nesta pesquisa.
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Abstract

The practice of using medicinal plants has been established in societies since ancient
times. However, the use without scientific proof can cause adverse effects related to
its toxicity. In this context, the species Aristolochia spp. are plants of the Brazilian flora
widely used in popular medicine. In this perspective, the study aims to demonstrate,
through a literature review, the phytochemical, pharmacological, and toxicological
potential of genus Aristolochia (s.l) and the species A. triangularis. A literature review
was conducted between February 2019 and March 2020 in the Medline, Pubmed,
Lilacs, and Scielo databases. Articles published in English and Portuguese between
the years 1968 to 2020, as well as monographs, dissertations, and theses were
selected for the analyses. It was found that Aristolochia triangularis has different
medicinal properties related to its biological and chemical composition and exhibits
considerable nutritional, medicinal, cultural, and economic value. Although it is widely
used in folk medicine, it is evident that there is a lack of research to inform the
biological effects described by empirical use and to ensure its use.

Keywords: Medicinal plants, Aristolochiaceae, Cip6-de-mil-homens, Phytochemistry,
Toxicology.
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1. Introduction

Although centuries of traditional use of medicinal plants by different
populations suggests safety regarding their use, unlike allopathic medicines, the
toxicity of plants and even traditional herbal medicines have not been evaluated as
indicated by drug regulatory agencies, a factor that may pose a risk to human health
[1]. Nevertheless, despite this unknown toxic potential of many plant species,
medicinal plants are often employed in the control and treatment of various chronic
diseases, consumed mainly as teas and infusions [2].

Trojan-Rodrigues and collaborators [2] published a compilation of 81 plant species,
distributed in 42 angiosperm families, that have been commonly used as antidiabetics
in folk medicine in the state of Rio Grande do Sul, Brazil [2, 3].

Among the families listed by Brazilian authors was Aristolochiaceae, consisting of
four genera and approximately 600 species distributed predominantly in tropical,
subtropical, and temperate regions of the planet [4, 5]. Aristolochiaceae, especially
those in the genera Aristolochia and Asarum, are widely used in traditional medicine
[6, 7]. Regarding the applications of Aristolochia spp. it is possible to list: i) the
treatment of cancer, ii) gastrointestinal complications, iii) snake poisoning and bites,
iv) treatment of malaria and intestinal worms, and v) treating gynecological,
dermatological, cardiovascular, and central nervous system conditions [8].

Accordingly, Aristolochia triangularis Cham. (Aristolochiaceae), popularly
known as "cipézinho-pra-diabetes" and commonly found in Brazil, is one of 92
Aristolochia spp. so far cataloged. It has a considerable history of popular use for the
treatment of diabetes, rheumatism, infections, skin diseases, and wounds [9]. In this
context, the lack of studies on medicinal plants, especially on the species A.
triangularis, suggests the urgency of developing new research, aiming to investigate

the pharmacological potential and toxicity of this species.
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2. Methodology

Despite the fact that A. triangularis is one of the most cited Brazilian species
from an ethnopharmacological point of view, 49 articles selected in this review
occurred through searches in the main databases: 1) Medline (Online System for
Search and Analysis of Medical Literature); 2) Pubmed (Public Medline or Publisher
Medline); 3) Lilacs (Latin American and Caribbean Literature on Health Sciences); 4)
Scielo (Scientific Electronic Library Online). However, there are still gaps of important
knowledge to be filled in, as most studies cover chemical characterization reports and
preliminarily address the biological activities and effects of this plant. This fact
reinforce the need for the compilation to understand the true medicinal value of this
plant species. The literature review was conducted between February 2019 and
March 2020. The descriptors used to select the studies were: Aristolochia triangularis;
Aristolochia  triangularis/toxicity;  Aristolochia triangularis/safety;  Aristolochia
triangularis/pharmacological effects; Aristolochia triangularis/genotoxicity;
Aristolochia triangularis/chemical analysis; genus Aristolochia; Flavonoids;
toxicology; pharmacology of medicinal plants; family
Aristolochiaceae/phytoconstituents; primary metabolites, secondary metabolites;
phenolic compounds; medicinal plants; plant poisoning. Articles published in English
and Portuguese between the years 1968 to 2020, as well as monographs,
dissertations, and theses were selected for analysis. The articles that met the
publication criteria were used for this paper of systematic literature review, providing

a broad presentation on the genus Aristolochia and the species A. triangularis.

3. Results and Discussion

3.1. Medicinal plants and herbal medicines

In 1967, the first regulation on the use of herbal medicines was published, but

only on January 31, 1995, the first change in the registration of these products in Brazil

was made by Administrative Rule SVS/MS No. 6, which established deadlines for
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pharmaceutical industries to test and disclose data on therapeutic efficacy and safety
in the use of herbal medicines [10].

Afterward, four other changes were made to the document, respectively: RDC
n® 17, of February 24, 2000 [11], which stated on the registration of herbal medicines
and natural products; RDC n°® 48, of March 16, 2004, in which the Technical
Regulation was approved, updating new standardization for the renewal of the
registration of herbal medicines registered before the year 1995, making the reports
of efficacy, safety and quality control mandatory [12]; Subsequently, in RDC No. 14,
March 31, 2010, inserted, as praxes, consultations with pharmacopeial
methodologies, national and international, highlighting new requirements for
evaluation of aflatoxins and physical-chemical tests of plant products [10]; and finally,
in RDC No. 26, May 13, 2014, which provides for registrations of the categories of
traditional herbal medicines and products and renewals [13].

The WHO defines medicinal plant as "any plant that possesses, in one or
more organs, substances that can be used for therapeutic purposes or that are
precursors of drugs" [14]. Therefore, the main difference between medicinal plants
and herbal medicine is in the preparation of the plant for a specific formulation, which
characterizes an herbal medicine [15]. This is corroborated by Administrative Rule no.
6 of January 31, 1995, published by ANVISA, which defines herbal medicines as "all
drugs technically obtained and prepared exclusively with vegetable raw materials and
with prophylactic, curative or diagnostic purposes" [16].

In historical terms, the use of plants for medicinal purposes for the prevention
and treatment of diseases is one of humanity's oldest empirical practices [17], and
besides being used as medicines, plants are also consumed as food throughout the
world. In spite of this, in the previous studies by Raynor and collaborators [18], it was
shown that approximately three-quarters of commercial herbal products lacked safety
information for use. And despite the wide consumption of these plants as medicines,
the use of these resources occurred without proper scientific proof of their
pharmacological properties and toxicological potential [16].

Moreover, contextualized as a serious public health problem, the toxic
potential of medicinal plants and their adverse effects are often associated with risks
of hypersensitivity and intoxications, besides drug interactions with other allopathic
drugs that cause possible synergistic or antagonistic actions [19]. However, research
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to evaluate the safe use of medicinal plants and herbal medicines in Brazil is still
incipient, as well as the commercial supervision and control by official agencies [19].

Hence, pharmacological studies in association with ethnobotanical, chemical,
and agronomic research make it possible to expand scientific knowledge of medicinal
plants, elucidate their biological actions, their toxic and side effects, as well as their
interactions with allopathic drugs. Not only that, but they also contribute to the

development of strategies for quality control and production of herbal medicines [20].

3.2. Family Aristolochiaceae

The family Aristolochiaceae belongs to the order Piperales [21, 4] according
to several classification systems proposed for Aristolochiaceae (Table 1) [22, 23]. The
species of this family are characterized by a group of flowering plants, with a
predominant distribution of tropical and subtropical regions on the planet [24, 4, 25].
However, according to Nogueira & Lopes [4] the taxonomic classification is still
controversial and needs further systematic studies, associated with molecular data for

elucidation and correct identification.

Table 1. Taxonomic classification of the species Aristolochia triangularis

Class Angiospermae
Subclass Magnoliidea
Order Piperales
Superorder Magnoliiflorae
Family Aristolochiaceae
Genus Aristolochia
Species Aristolochia
triangularis

Source: Authors (2021).

The taxonomy of Aristolochiaceae has changed considerably with the
advance of molecular phylogenetics, as have several other groups of angiosperms.
Usually, the family Aristolochiaceae is divided into two subfamilies: Asaroideae, which
includes the genera Asarum and Saruma; and Aristolochioideae, which includes the
genera Aristolochia sensu lato (s.l) and Thottea [23]. Review studies described by
Gonzalez & Stevenson [22], proposed to observe the phylogenetic relationships of
Aristolochiaceae based on cladistic analysis of morphological characters and divided
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Aristolochia sensu lato into four genera, these being: Aristolochia s. str.,
Pararistolochia, Endodeca, and Isotrema distributed in two subtribes [22].

This analysis corroborates the phylogenetic reconstruction of the family
Aristolochiaceae proposed by Ohi-Toma and collaborators [23], which was based on
comparisons of nucleotide sequences, morphological characters, and other molecular
data. According to data from all reconstructed phylogenetic trees, it is suggested that
Aristolochia (s.l) is monophyletic and organized especially into two lineages, being:
Aristolochiinae and Isotrematinae. By Gonzalez & Stevenson [22], both are divided
into two further sublineages, with Aristolochiinae subsequently subdivided into
Aristolochia sensu stricto and Pararistolochia, and the Isotrematinae clade branching
into Isotrema and Endodec [23].

Regarding the Brazilian Aristolochiaceae, several are used in popular
medicine, and it is possible to highlight the following described therapeutic potentials:
1) Anti-inflammatory, anti-rheumatic, and antiseptic (Aristolochia triangularis) [26]; 2)
Antiphidic, sudorific, bronchodilator and abortifacient (Aristolochia birostris) [27]; 3)
Antimicrobial (Aristolochia longa L.) [28]; 4) Treatment of gastrointestinal disorders
(Aristolochia trilobata L) [29]; 5) Hypotensive, antimalarial and anti-diabetes

(Aristolochia triangularis and Aristolochia esperanzae) [30, 31] (Table 2).

Table 2. Species of the genus Aristolochia and their applications

Species Part Used Bioactivities/Conditions Treated Reference
. , Antibacterial action with attenuation of [32] Silva et al.,
Aristolochia
Stalk, Leaves gastrointestinal disturbances. (2013)

cymbifera

Aristolochia
triangularis

Aristolochia
gigantea

Aristolochia
indica

Stem,Leaves

Roots, Whole
plant

Roots

Antibacterial action, inhibition of viral
replication and antiproliferative activity.

Treatment of African trypanosomiasis,

Skin  diseases, emmenagogue and
abortifacient.
Emmenagogue, abortifacient, diuretic,

anti-inflammatory, sedative, anthelmintic,
treatment of poisonous bites.

[33] Oliveira et al.,
(2019), [34]
Mongelli et al.,,
(2000)

[35] Vahekeni et
al,, (2020), [36]
Rodriguez, (2010)

[37] Chopra et al.,
(1956), [38]
Mukeriji (1953)
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Aristolochia [39] Wu et al,
Whole plant  Antimitotic, antiviral, emmenagogue. (2004), [40] Shaw,

elegans

(1947)
Aristolochia . L . [41] Albuquerque
brasiliensis Aerial Parts  Menstrual cramps, uterine inflammations. et al., (2007).

[42] Sulyman et
Arlgto/och/a Roots Antidiabetic action, anticancer activity. aI.,. (2016),  [43]
ringens Akindele et al.,

(2015)

. , [44] Xaio, (1983),
Ar/sto/ocj‘/?/a Who!e plant, Anti-rheumatic and anti-arthritis. [45] Nelly et al.,
clematitis Rhizome

(2008).
Aristolochia Roots Gastric  stimulant, anticancer, Ilung [46] Negi et al.,
bracteata inflammation, dysentery and snakebites. (2003)
Fever, intestinal problems, ulcers, skin
Aristolochia dlsea-ses-, snaket?|tes, emmenagogue, [47] Rajani &
Roots abortifacient, antineoplastic, antiseptic .

tagala . o . Pooja (2020)

agent, anti-inflammatory, antimicrobial,

antifertility.

3.3. The genus Aristolochia (s.) and the species A. triangularis:

pharmacological data

Currently, from the Brazilian flora, about 92 species of the genus Aristolochia
(s.l) are known, which represents the most numerous of the family Aristolochiaceae
[48,4]. Also, the species of Aristolochia (s.l), are of the type: herbs, shrubs, sub-
shrubs, and voluble climbers. (Figure 1) Its floral morphology includes a
monochlamydeous perianth, zygomorph, with petaloid sepals, organized and fused

into a tubular structure composed by the lower tube and upper tube [49].



Figure 1. Overview of Aristolochia triangularis.

The terminal portion of the upper tube is connected to the lips that border the
fauce, and subsequently, the androecium and gynoecium are fused with the
gynostemium and infertile ovary [49]. These characteristics attributed to the species
of the genus make the adaptations possible regarding the mechanism of pollination
by various groups of Diptera (Figure 2). Of these species, most inhabit forest edges,
however, some also occur in open regions and are recorded in the phytogeographic
domains: Amazon, Caatinga, Cerrado, Atlantic Forest, and Pampa [50].

107



Figure 2. Branches of A. triangularis with flowers.

Within this context is the species Aristolochia triangularis Cham, which is an
ethnobotanical species, since it has more than one popular name: it is popularly called
"cipd mil-hombres", "mil hombres", "cipd-mil-hombres" in Argentina and Paraguay,
and "Cip6-mil-homens" or "cipézinho-pra-diabete" in Brazil. This plant is native to
South America and has been recorded in the south, southeast, and midwest regions
of Brazil, and has also been reported in Paraguay and Argentina [30, 22].

A. triangularis is of common occurrence in Brazil and has a considerable
history of use in folk medicine for the treatment of diabetes, and is also indicated for
several other medicinal purposes, including the treatment of rheumatism, infections,
skin diseases and wounds [8, 2]. According to Trojan-Rodrigues and collaborators [2],
the plant organ of A. triangularis used to treat diabetes is the leaf (Figure 3), as it is
chemically characterized by a predominance of lignoids, terpenoids, alkaloids,

alkamides, and flavonoids [51].
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Figure 3. Branches of A. triangularis with leaves.

Several other medicinal purposes are attributed to A. triangularis. For
example, the study developed by Bolson and collaborators [30] broadly reveals that the
species is popularly used to treat diseases of the gastrointestinal system, obstetrics,
gynecological, and urinary tract diseases, besides being useful in the treatment of
cardiovascular diseases, musculoskeletal and joint diseases.

Additionally, A. triangularis is used for treatments such as antidiabetic, anti-
inflammatory, circulatory system, venous detoxification, against impotence, for flu,
skin hematomas, nicotine control and withdrawal, antirheumatic, antiseptic,
decongestant, migraine, stomach pain, menopause, and as an abortion antidote [52,
53].

Among the main ethnopharmacological studies described in the literature, the
investigation of the therapeutic potential and pharmacological biosafety of A.
triangularis stands out. For example, it has been found that the dichloromethane
extract of roots of the plant species has anti-inflammatory efficacy similar to the action
of the commercial drug phenylbutazone. Besides, it is also used for medicinal

purposes and its consumption is in the form of tea, in this case, after making an
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infusion of the leaves. However, the use of decoction, maceration, and even the use
of ethanol to assist in home extraction is also observed [54].

As described by Nogueira & Lopes [4], previous reports suggest that
preparation methods can vary widely, although the following preparation proportions
are more frequent and with significance: i) 5 and 50g (estimated measurements of a
teaspoon and a cup, respectively) of plant/L of water and ii) 0.01 g/mL (1%; w/v) to
0.4 g/mL (40%; w/v), with emphasis on the proportion of 10% (w/v). In other reports,
the activity of leaf extracts of this plant is observed, with cytotoxic action and
interaction with DNA. Besides cytological effects induced by infusions of A.
triangularis branches [55, 56].

Other studies evidenced the effects of decoction of secondary stems on the
cell cycle of Allium cepa meristems and the antimycobacterial activity of a
hydroalcoholic beverage prepared from the plant [57]. Data published by Pereira and
collaborators [9] demonstrated that the methanolic extract of rhizomes and roots of A.
triangularis, as well as some substances isolated from it, possessed promising
bioactivities against microbial pathogens and, in certain cases, comparable or better
than the action of ampicillin and chloramphenicol [9].

Recently, Silva and collaborators [58] investigated the aqueous extract of A.
triangularis and observed cytotoxic action by Artemia salina and Allium cepa
bioassays. In summary, the studies propose that further bioassays should be
conducted for validation in safe use, in addition to exploring the pharmacological

potential of this plant species.

3.4. Chemical composition and metabolomic aspects

The chemistry of the Aristolochiaceae family has been widely studied and
some review research describes several classes of secondary metabolites, the most
frequent being: lignoids, terpenoids, alkaloids, alkamides, and flavonoids [59, 60].

According to Nogueira [51], the metabolomic profiles of the Brazilian species
of Aristolochiaceae differ significantly, as well as the micromolecular categories that
are specific in each species, for example, the presence of bicubebins in Aristolochia
lagesiana and Aristolochia pubescens and, bi- and tetraflavonoids in Aristolochia
ridicula, in addition to aristolochic acids and furofuran and butyrolactone lignans, are
common in most species of this genus [61].
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The main findings regarding the chemical composition of the stems, rhizomes,
leaves, and roots of A. triangularis showed a total of 48 compounds - one furofuranic
lignan, one dibenzylbutanic lignan, ten dibenzylbutyrolactonic and two
dibenzylbutyrolactonic lignans, three triterpenes, twelve cauranic diterpenes, two
aporphinic  alkaloids, three dioxoaporphinic alkaloids, one tetrahydro-
benzylisoquinolinic alkaloid, eight aristolactams, and five aristolochic acids - not
extractable by steam dragging, have been described to occur in this species [62, 63,
64, 65, 9].

Among them, only aristolactam | and aristolochic acids I, Il, C, and D have so
far been identified in A. triangularis leaves by LC-MS- and NMR-based metabolomic
analyses. Recent studies have shown that special and common metabolites in the
genus Aristolochia possess a broad spectrum of biological activities, as an example:
i) aryltetralonic lignans isolated from Aristolochia holostylis showed antiplasmodial
potential [66], ii). While aristolamide IlI, originating from A. manshurienses, showed
anti-inflammatory activity [67]. iii) And the neolignan licarina A was potentially active
against tuberculosis [68]. iv) Studies with methanolic extract of leaves of the species
A. cymbifera revealed that metabolites present in this plant organ showed activity
against promastigotes of Leishmania chagasi. And subsequently, after fractionation
of these compounds, the diterpene copalic acid demonstrated high toxicity under the
parasite L. chagasi [69]. v) And with isolation of cauranic diterpenes and cubetin
lignans from A. triangularis, after exposure of the metabolites, antidiabetic, analgesic,
anti-inflammatory, and antioxidant activity were observed [70].

Reports found in the literature also show that the majority component in A.
triangularis leaves is caryophyllene, which has a mild aroma, a fruity, sweet form.
However, most of the plant is composed of approximately twelve types of
sesquiterpenes such as a-cadinol and B-caryophyllene, some monoterpenes such as
p-cymene, simple hydrocarbons such as decane and dodecane, aristolochic acids,
and a good diversity of cubebin lignans and cauranic diterpenes [63].

It is important to note that despite the presence of metabolites with promising
biological activities for therapeutic use, there are also other micromolecules common
to the Aristolochiaceae family, such as aristolochic acids | and Il, which are associated
with genotoxic, carcinogenic, and nephrotoxic effects according to recent scientific
evidence [71,65].

111



3.5. Aristolochic acids and aristolactams

Currently, aristolochic acids (AA) and aristolactams (AL) are characterized as
phenanthrene derivatives. These feature structures containing a carboxylic acid group
(-COOH) attached at C-1 and a nitro group (-NO2) or a lactam group (CONH) at C-
10, respectively [58].

AA is the generic name used to represent the family of nitrophenanthrene
carboxylic acids or aristolochic acids. Chemically, AA is mainly composed of the
mixture of two metabolites: 8-methoxy-6-nitro-phenanthro-(3,4-d)-1,3-dioxolo-5-
carboxylic acid (AAl) and ido-6-nitro-phenanthro-(3,4-d)-1,3-dioxolo-5-carboxylic acid
(AAIN) [51].

These substances are widely distributed in species of the Aristolochiaceae
family, mainly in the genera Aristolochia and Asarum [51]. Among the special
metabolites described in species of Aristolochias, the most recurrent in research
reports are aristolochic acids (AA's) and aristolactam (derived from the acids). This
large number of publications is justified, thanks to the concern regarding the
mutagenic potential in association with nephrotoxic activity, attributed to AA's, and as
a consequence, they cause renal disorders and diseases and have carcinogenic
tendencies [8, 72, 48].

The biochemical mechanism associated with the carcinogenesis and
nephrotoxicity of AA's is due to the chemical binding that the nitrene ion of aristolactam
makes with guanine and the adenine of the cells' DNAs (Figure 4). Such acquired
mutations are not repairable by cells and subsequently promote nephrotoxicity and
possible DNA damage [71, 72]. The analyses conducted by Heinrich and
collaborators [8], highlighted that the increasing number of evidence in China and

Europe associate the action of AA's with nephropathy [72].
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Figure 4. Schematic of the interaction of aristolochic acids with DNA molecules.

3.6. Phenolic compounds, flavonoids, and antioxidant activity

According to the biosynthetic route, secondary metabolites are classified into
three main groups, namely: 1) Alkaloids, which are characterized by the presence of
a nitrogen atom attached to cyclic structures and composed of five or six carbon
atoms; 2) Terpenes and steroids, consisting of isoprenoid precursor units and formed
by the arrangement of five carbon atoms; and 3) Phenolic compounds, which

represent compounds with an aromatic ring replaced by one or more hydroxyl groups
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(-OH). However, this chemical group is characterized by great structural diversity.
Furthermore, there are as many other metabolites that do not fit into any of the three
groups [73].

The phenolic compounds distributed abundantly in plants are flavonoids,
formed by one or more aromatic nuclei, containing hydroxyl substituents and/or
functional derivatives (esters and glycosides) [74]. Flavonoids are biosynthesized
from a fundamental unit called 2- phenylbenzopyrone, which consists of 2 phenolic
rings attached to a 3-carbon atom bridge (Figure 5) [73]. These compounds occur in
two distinct forms: in conjugation with sugars (heteroside or glycoside) and the free
form, without bonds with sugars (aglycone or genin). In the latter form, the bond
between genin and sugar usually occurs via a hydroxyl (O-heteroside) or a carbon
atom (C-heteroside) [75].

In the world, several researchers highlight the antioxidant activity observed in
flavonoids and their subclasses. Antioxidant compounds are represented by agents
capable of donating free radicals, electrons, or hydrogen atoms; moreover, they have
a preventive or inhibitory action on the formation of reactive species and mitigate

oxidative stress [76, 77].

Figure 5. Basic structure of a flavonoid. Source: Adapted from HEIM et al (2002).

Many other pharmacological activities are attributed to flavonoids, such as

secretory processes of the inflammatory response, activity on enzymes, antimicrobial,
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antithrombotic, antiallergic receptors or carriers, antioxidant action, and regulatory

activities in pancreatic 3 cells, with hypoglycemic action [72, 76, 75, 77].

4. Conclusion

Based on the systematic review of Aristolochia triangularis, it is suggested
that this species has significant nutritional, medicinal, cultural, and economic value.
Although it is widely used in folk medicine, and even though some studies on its
pharmacological effects are under development, there is a notorious lack of research
to corroborate the biological effects described by empirical use, or more detailed
descriptions about the phytoconstituents of each species. Moreover, it is also noted
the absence of a toxicological evaluation, as recommended by the regulatory
agencies of drugs, medicinal plants, herbal medicines, and natural products in the
country. Thus, this research highlights the need for further studies on the use of the

species and its pharmacological and toxicological effects.
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Abstract

Ethnopharmacological relevance: Aristolochia triangularis is among the most
emblematic Brazilian plants from an ethnobotanical point of view. It has multiple medicinal
uses, for example, teas of its leaves are indicated for diabetes control. As with any
Aristolochia plant, the consumption of this species is polemic and raises pharmacological
safety issues, most of them still unanswered, as toxicological studies involving aqueous
preparations of A. triangularis remain scarce. Aim of the study: This study aimed
estimation LD50 and investigating the toxicogenetics and imunomodulatory effects of of the
freeze-dried infusion from A. ftriangularis leaves (Inf-L-At) in vitro and in vivo assays
Materials and methods: Their acute toxicity-was evaluated following oral administration
to female rats at a single dose of 2 g/kg b.w. The mutagenic potential, in turn, was evaluated
at doses of (0.62, 1.25; 2.5; 5mg/mL) in Ames test in the presence and absence of
activation, as well as by the SMART test (test for detection of mutation and recombination)
using standard (ST) and high bioactivation (HB) crosses in Drosophila melanogaster wings.
A total of 50 Wistar rats of both sexes was used for the in vivo genotoxicity and mutagenicity
assays, which were subdivided into five experimental groups (5 animals of each sex): the
animals of the negative control group were treated with 1 mL vehicle via oral (v.0); three
groups (Inf-L-At) were treated with doses of (62.5, 125 and 250 mg/kg b.w, v.0); and the
positive control group received via intraperitoneal (50 mg/kg b.w of cyclophosphamide),
liver and kidneys were analyzed in the apoptosis assay, and the spleen was selected for
the splenic phagocytosis assay. Results: The freeze-dried aqueous extract showed
genotoxic potential in vivo e in vitro. Although Inf-L-At exhibited cytotoxicity, the effects
observed were less severe when compared to CP, which had a PCEs / NCEs ratio of 0.19
in females and 0.21 in males. In the groups exposed to the infusion, the ratio varied

between 0.35-0.38 in females and 0.32-0.44 in males. There was an increase in genotoxic
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effects at concentrations of 2.5 and 5.0 mg/mL, therefore they acted similarly to DXR, with
percentage induction of mutant spots of 61.1 and 69.56 in the ST cross, and 54.54 and
74.35 in the HB cross at the respective higher concentrations. The lowest concentration is
not genotoxic. These results corroborate the mutagenic potential identified in the TA100
strains in (S+) by microsomal fraction, at different concentrations. DNA lesions were
observed in animals of both sexes by the comet assay, in addition to immunostimulatory
effects, with lymphocyte recruitment to the spleen, phagocytosis and apoptosis
mechanisms were effective, in response to the increased formation of micronuclei in
peripheral blood and in bone marrow. Conclusion: The results suggest caution in the
indiscriminate use of A. triangularis, as in addition to the risks of intoxication, there are
evidences of cytotoxicity, genotoxicity and mutagenicity. However, it is suggested that
further studies be carried out to elucidate the pharmacological potential and screening of

the chemical constituents with toxic and/or bioactive potential, in favor of safe use.

Keywords: Cipo-mil-homens; Cytotoxicity; Ames test; Micronucleus; Comet assay; SMART
test.
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Introduction

Cerrado, the second largest biome in Brazil, is characterized by its wide territorial
extension, with the world’s greatest biodiversity. The abundant richness of plant species
has sociocultural importance and many plants are used as raw material for food production
(Reis; Schmiele, 2019), or for therapeutic purposes (Adeniyi et al., 2018). However, despite
the exponential worldwide increase in the use of medicinal plants, especially in developing
countries, biological and toxicological studies are needed to validate the safe use by the

population (ANVISA, 2020).

In this context, the Aristolochiaceae family stands out, consisting of four genera and
approximately 600 species predominantly distributed in tropical, subtropical and temperate

regions of the planet (Nogueira; Lopes, 2012).

Aristolochiaceae, especially those of the genera Aristolochia and Asarum, are used
for therapeutic purposes (Nitzsche; Melzig; Arlt, 2013). Plants of the genus Aristolochia
are frequently used to treat cancer, diabetes, gastrointestinal complications, malaria and
parasitic diseases, in gynecological, dermatological, cardiovascular and central nervous

system conditions (Heinrich et al., 2009).

Although the information available in literature about the pharmacological and
toxicological potential of the Aristolochia triangularis aqueous extract is still incipient. The
chemical characterization of Aristolochiaceae described in literature indicates secondary
metabolites belonging to several classes, with frequent presence of lignoids, terpenoids,
alkaloids, alkamides and flavonoids (Kumar et al., 2003; Wu et al., 2004; Pacheco et al.,

2009).
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The main chemical studies, specifically on A. triangularis stems, rhizomes, leaves
and roots , have shown a total of 48 compounds - one furan lignan, one dibenzylbutanic
lignan, ten dibenzylbutyrolactonic lignans and two dibenzylbutyrolactolic lignans, three
triterpenes, twelve kauranic diterpenes, two aporphinic alkaloids, three dioxoaporphinic
alkaloids, one tetrahydrobenzylisoquinolinic alkaloid, eight aristolactams, and five
aristolochic acids (Rucker et al., 1978, 1981; Lopes et al., 1990; Priestap et al., 1990; Leitao
etal, 1991; Lin et al., 1991; Lin et al., 1978, 1981; Lopes et al., 1990; Priestap et al., 1990;

Leitdo et al., 1991; al., 1997; Michl et al., 2015; Pereira et al., 2018).

These metabolites are common in the genus Aristolochia and have a wide spectrum
of biological activities. Aryltetralonic lignans isolated from Aristolochia holostylis showed
antiplasmodic potential (Da Silva; Lopes, 2006). Aristolamide Il, present in A.
manshurienses, showed anti-inflammatory activity (Chung et al., 2011). Neolignan licarin
A showed activity against tuberculosis (Ledn-Diaz et al., 2013). Studies with methanol
extract from A. cymbifera leaves revealed that activity against Leishmania chagasi
promastigotes, and after the fractionation of these compounds, copalic acid diterpene
showed high toxicity on the L. chagasi parasite (Tempone et al., 2008). Kauranic diterpenes
and cubebin lignans from A. triangularis demonstrated antidiabetic, analgesic, anti-

inflammatory and antioxidant action (Guetchueng, 2017).

However, in addition to metabolites with promising biological activities for therapeutic
use, this genus is also characterized by the presence of aristolochic acids | and Il, which
are related to severe genotoxic, carcinogenic and nephrotoxic effects (Neoptolemos et al.,

2018).

Thus, considering the ethnopharmacological importance of this species, the aim of

this study was to investigate the pharmacological safety of the infusion of A. triangularis
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leaves, evaluating the acute toxicity, genotoxicity, mutagenicity and immunomodulation in
rodents, in addition to evaluating the mutagenic potential using Ames test and SMART

assay.

2. Materials and methods
2.1. Plant material and Infusion preparation

To conduct this study, A. triangularis Cham. leaves were collected at the Medicinal
Plants Garden of the Federal University of Grande Dourados, Dourados, MS, Brazil, from
July 2017 to September 2018, and stored in freezer at —20°C until heat extraction steps.
The plant species was registered (MBML53232) and deposited at the herbarium of the
“Prof. Mello Leitdo” Museum of Biology (MBML), in the city of Santa Teresa, state of Espirito
Santo, Brazil, with CGEN/MMA access register number A1F6637. To prepare the 10%
Infusion, the methodology described by Silva et al. (2019) was adopted. Subsequently, the
material obtained was diluted in aqueous solution at concentrations of 2 g/kg b.w for acute
toxicity tests and 62.5, 125 and 250 mg/kg, respectively, to conduct toxicogenetic and

immunomodulation assays.

2.3. In vitro Test
2.3.1. Ames Test

The Ames test was conducted by the pre-incubation method as described by
Mortelmans and Zeiger (2000), in accordance with Guideline 471 of the Organization for
Economic Cooperation and Development (OECD?) (OECD, 1997). Salmonella

Typhimurium strains were supplied by the Toxicology and Genotoxicity sector of the



Environmental Company of the State of Sdo Paulo (CETESB). To prepare the inoculum,
100 pL of S. Typhimurium TA 98 and TA 100 strains were reactivated in 20 mL of Nutrient
Broth (Oxoid n. 2) and incubated at 37 °C for 16 hours in incubator with orbital shaking.
Strains were then standardized in 650 nm spectrophotometer with final concentration of
1x108 bacteria /mL. Subsequently, strains were concentrated by centrifugation (10,000

rom at 4 °C) for 10 minutes and resuspended in 4 mL of 0.2 M phosphate buffer.

This assay was performed in the presence and absence of microsomal S9 fraction,
allowing the test to verify mutagens directly and indirectly. In test tubes without S9 fraction,
50 yL of 0.2 M phosphate buffer were added, and in tubes with the same 50 L fraction, 5
ML of sample at concentrations of 5000; 1500; 500; 150 and 50 ug/plate and 50 pl of
inoculum were added. Tubes were pre-incubated for 90 minutes at 37°C. After the
incubation period, 2 ml of top agar (0.6% agar, 0.6% NaCl, 0.05 mM L-histidine, 0.05 mM
biotin, pH 7.4, 45°C) were added to tubes and the mixture was poured onto plates with
minimal agar (1.5% agar, 50x Voguel-Boner solution and 10% glucose solution). Plates
were incubated at 37°C for 48 — 66 h and then, revertant colonies were counted. In the
assay with metabolic activation, the positive control was used for both strains: compound
2-anthramino (2-ANTR) (2.5 ug/plate), whereas in assays without metabolic activation: 4-
nitro-ophenylenediamino (NPD) (10 ug/plate) for the TA98 strain and sodium azide (2.5
pg/plate) for the TA100 strain, for the negative control, distilled and sterilized water was

used, and tests were carried out in triplicate.

2.4. Invivo tests

2.4.1. Wistar rats
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In the experimental design of acute test, 10 female Wistar rats (Rattus norvegicus
albinus) weighting 184.6-206.0 g were used. The micronucleus, comet assays and
inmunomodolatory effects the 25 Wistar rats female and 25 male (Rattus norvegicus
albinus) with 8 and 10 weeks of age and a mean weight of 161.4-179.0 g) were used. The
animals used in experiments were provided by the Grande Dourados Federal University
(UFGD) and housed in polypropylene cages (n=5) in the familiarization and
experimentation period under standard conditions (23 £ 2 °C, 50 to 60% humidity and 12-
h light and dark cycle controlled by automatic timer) with water and food ad libitum. The
experimental procedures were in accordance with rules of the Brazilian College of Animal
Experimentation and according to guidelines of the Universal Declaration of Animal Rights
with the Ethical Principles in Animal Research and approved by the Committee for Ethics

in Animal Experimentation at UFGD (Protocol number 013/2019).

2.4.2. Animals Drosophila

For the in vivo study, the SMART test used 3 Drosophila melanogaster strains
carrying specific marker genes and located on chromosome 3, which study was carried out
at the Laboratory of Mutagenesis of the Mato Grosso do Sul State University. The model
was developed by Graf et al. (1984), and is described as the Somatic Mutation and
Recombination Test (SMART), which detects the mutagenic, deleterious and recombinant
activity of natural, chemical and synthetic compounds, in addition to being the main test for
associative investigations of the genotoxic potential of substances, before and after
biotransformation. The advantages of this alternative model are numerous, such as short
reproduction periods, significant number of offspring per cross and low maintenance cost

(Gaivao et al., 2020).
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2.5. Oral acute toxicity test

For the oral acute toxicity test, the protocol was based on Guidelines 425 of OECD:
Oral Acute Toxicity - Up-and-Down Procedure (OECD, 2008) with adaptation from Traesel
etal., (2017). Ten female rats were randomly allocated into two experimental groups (n=5):
1) negative control group, received oral treatment with 5% hydroalcoholic solution
(1mL/200g of ultrapure water Milli-Q® + ethyl alcohol) and; 2) test group, administered by
gavage at dose of 2000 mg/kg of Inf-L-At. Prior to gavage, each animal was identified,
fasted for 8 h and weighed. In the test group, a single female was treated and monitored
for symptoms of toxicity and mortality for the first 2 h and for an additional 46 h after
treatment. Sequentially, after this administration and observation of the treated first female,
the same dose was administered by gavage to four more females, totaling five treated
animals, under the same conditions. Five females from the control group were orally treated
with Inf-L-At vehicle. Animals were observed once daily for 14 days, with daily recording of
water and food consumption and body weight of each animal. Subsequently, animals were
analyzed according to the Hippocratic screening proposed by Malone and Robichaud
(1962): conscious state; activity and motor system coordination and muscle toning; corneal
and headset reflexes; activities of the central nervous system, and activities of the
autonomic nervous system. Euthanasia occurred on day 15 after analyses, and animals
were euthanized with isoflurane (inhalation) overdose until no corneal reflex followed by
exsanguinization. Organs (heart, lung, spleen, liver, kidney, uterus and ovary) were
removed, weighed and macroscopically examined for any changes. This test allowed

estimating the median lethal dose (LD50).
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2.6. Experimental design of treatment for toxicogenetic and immunomodulatory

assessment

The experimental design of micronucleus and comet assays, and
immunomodulatory effects were performed according to guidelines proposed by OECD
Guidelines 474 and 489 (Organization for Economic Co-operation and Development)
(OECD, 20167, 2016"). Inf-L-At dosages were based on the LD50 determination (median
lethal dose), which was higher than 2000 mg/kg. Treatment was performed once, and Inf-
L-At was dissolved in 5% hydroalcoholic solution administered at volume of 1 mL/200g, and
cyclophosphamide was dissolved in saline before administration (Araujo et al., 2017). Fifty
animals were randomized into five groups (n=5 females and n=5 males). Two control
groups were used, in the negative control (group 1), animals received a mixture of 5%
hydroalcoholic solution (Inf-L-At vehicle) by gavage (oral administration of 1 mL/200g body
weight,) and saline solution (intraperitoneal administration of 0.1 mL /10 g body weight, i.p),
simultaneously. Positive control (group Il) was treated with gavage and received
intraperitoneal cyclophosphamide at concentration of 50mg/kg body weight 24 h before
euthanasia (Araujo et al., 2017). Three groups received oral Inf-L-At at doses of 62.5

(group Ill), 125 (group V) or 250 (group V) mg/kg body weight for three consecutive days.

2.7. Comet assay

For the Comet assay, all steps were protected from light, by the photosensitive
properties of the assay. Twenty-four hours after treatment with Inf-L-At, 20 uL of peripheral
blood were collected by caudal puncture from each animal and transferred to eppendorf
microtube containing 120 pL of low-melting point agarose (1.5%) at 37 °C. The homogenate

produced was deposited on slides previously pre-coated with agarose (5%). After agarose
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solidification (3 °C 20 min), coverslips were removed and slides were inserted in tray with
final lysis solution (89.0ml lysis stock - 2.5M NaCl, 100mM EDTA, 10.0mM Tris, pH 10.0
corrected with solid NaOH; 1.0ml Triton X-100 and 10.0ml DMSOQO) for one hour, at
temperature of 4 °C, for 2 h protected from light to remove the cellular membrane and DNA
extravasation. Subsequently to the denaturation process, slides were immersed in
electrophoresis equipment with alkaline solution pH>13.0 (300.0 mM NaOH and 1 mM
EDTA, prepared from stock solution of 10 N NaOH and 200 mM EDTA 200.0, with pH
corrected to 10), remaining at rest for 20 min. After rest, they were submitted to
electrophoretic run for 20 min at 4 °C and voltage set in 300 mA and 25V. Slides were
exposed to neutralization solution with pH 7.5 (0.4M Tris-HCI) in three rounds of 5 min
each. After this procedure, they were fixed in absolute alcohol for 10 min and dried
overnight. For the analysis of slides, the staining method with 100 pL ethidium bromide (-
20x10°% mg/mL) was used to visualize DNA fragments and were analyzed with
epifluorescence microscope at 400x magnification, with 420 — 490 nm excitation filter and

520 nm barrier filter (Brait et al., 2015).

Slides were identified and examined in blind analysis and 100 cells per animal were
randomly analyzed. Cells were classified as follows: class 0 (no damage); class 1 (cells
with tail size smaller than nucleoid diameter); class 2 (cells with tail size 1-2 times the
nucleoid diameter); and class 3 (cells with tail size greater than twice the nucleoid
diameter). In addition, the damage score and frequency of each sample were calculated.
The score was determined by multiplying the number of cells registered in each damage

class by the numeric value of the class and summing all resulting values.

2.8. Micronucleus assay with bone marrow and peripheral blood
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The micronucleus assay with peripheral blood was in accordance with Hayashi et al.
(1990). A total of 20 uL of peripheral blood were placed on slide previously covered with 20
pL of Acridine Orange (1.0 mg/mL), and cover slip was then placed on the slide, and
samples were collected in three times, at 24, 48 and 72 h (T1, T2 and T3), respectively,
after Inf-L-At administration. The slide was stored in freezer for a minimum period of two
weeks. The analysis was performed under epifluorescence microscope at 400x
magnification, with 420 — 490 nm excitation filter and 520 nm barrier filter. Two thousand
erythrocytes per animal were examined and micronucleated cells were counted (Araujo et

al., 2017).

Seventy-two hours after Inf-L-At application, animals were euthanized, and the right
femur was removed after dissection of adjacent muscles to conduct the micronucleus assay
in bone marrow. To expose the bone marrow, the two ends of the femur were cut, and the
medullary canal was washed with 1 mL of fetal bovine serum; the wash was deposited in
microtubes instantly identified with alphanumeric sequence and centrifuged for 5 min at
100rpm. The resulting supernatant was discarded, the pellet was deposited on the slide,
and dried overnight. After 48 h, slides were fixed in methanol for 10 min, then stained with

Giemsa for 15 min.

For analysis, identification was carried out in blinded condition, a total of 2000
polychromatic erythrocytes (PCEs) per animal/slide were analyzed under optical
microscopy with 100x magnification. For analysis of the mutagenic potential, polychromatic
erythrocytes were quantified for the presence of micronucleus. To evaluate possible
cytotoxic effects, the ratio between polychromatic and normochromatic erythrocytes

(PCEs/NCEs) was calculated randomly analyzing 200 erythrocytes. The analysis index is
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between 0 and 1, the closer to 0, the higher the cytotoxicity, the closer to 1, the lower the

risk of cytotoxicity (Schmid, 1975).

2.9. Cell death assay

After euthanasia, the liver and kidneys of each animal were separated and stored in
microtubes for cell death frequency analysis. Then, organs were separately macerated in
0.9% saline solution. For sample production, liver or kidneys were macerated, and 100uL
of the solution was deposited under the slide for blood extension. Subsequently, slides were
fixed in Carnoy for 5 min and submitted to four decreasing ethanol concentrations (95% to
25%). Subsequently, they were washed in Mcllvaine buffer for 5 min, and for staining, they
were submitted to 5 min to acridine orange solution (0.01%), returning to Mcllvaine buffer
for 10 min. Then, 100 cells per organ/animal/slide were analyzed and identified for the

pattern of DNA fragmentation according to Mauro et al. (2011) and Araujo, et al. (2017).

2.10. Splenic phagocytosis assay

In this assay, a portion (1/3) of the spleen from each animal was macerated with 100
ML of saline and homogenized and a homogeneous cell suspension was obtained. To
prepare the slide, 50 yL homogenate aliquot was placed under the slide, previously stained
with 20 uL acridine orange (1mg/mL) and stored in freezer until analysis. This assay has
quali-quantitative characteristics and 200 cells per animal were analyzed using
fluorescence microscope at magnification of 400x with 420 — 490 nm filter and 520 nm
barrier filter (Ishii, 2011). The absence or presence of phagocytosis was based on the

description by Hayashi et al. (1990) and described by Araujo et al. (2017).
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2.11. Differential blood cell

For this test, 20 yL of peripheral blood were extracted from each animal by tail
puncture. Extensor slide at 45° angle was used. After blood extension was completed,
slides dried overnight and later exposed to staining with methylene blue and eosin,
dissolved in methanol. During analysis, a total of 100 cells/animal was quantified under
bright field microscopy at 400x magnifications, and cells were classified into lymphocytes,

neutrophils, eosinophils and basophils monocytes (ISHII et al., 2011).

2.12. Somatic Mutation and Recombination Test (SMART)

Drosophila melanogaster mwh, ORR;flr3 and fIr3 strains were used, carrying the
following recessive markers of wing cells to identify events such as gene mutation,
chromosomal aberrations and mitotic recombination: multiple wing hairs (mwh, 3-0 ,3) and
flare-3 (flr3, 3-38,8): [1] multiple wing hairs strain (mwh), with y genetic constitution; mwh
jv; [2] flare3 strain, with genetic constitution fIr3 / In (3LR)TM3, , ri pP sep 1(3)89Aa bx3*¢ e
BdS; [3] Oregon R strain, flare-3, with ORR; fir3 / In In (3LR)TM3, ri pP sep 1(3)89Aa bx3*¢ e

BdS (Lindsley & Zimm, 1992; Graf & Van Schaik, 1992).

For the experiment, 400 virgin fir3 females (Flare3) and ORR strains were selected,
which were crossed with 200 mwh males for a period of 48 h, after which couples were
transferred, for a period of 8 hours, to flasks containing solid agar-agar base covered by a
layer of biological yeast (S. cerevisae) supplemented with sugar for egg collection. After
72 £ 4 h, third development stage larvae were washed with running water and collected

with the aid of a fine mesh sieve. Groups of approximately 100 larvae were transferred to



glass tubes containing 1.5 g of culture medium (Yoki® instant squashed potato) and 5.0
mL of Inf-L-At at concentrations of 1.25, 2.5, 5.0 mg/mL, distilled H20 as negative control .,
and., 0.125 mg/mL doxorubicin hydrochloride (DXR) as positive control, using the standard
cross (ST) and 0.2 mg/mL (DXR) in the high bioactivation cross (HB), and 72-h larvae were
exposed to different Inf-L-At concentrations, culminating in wings with mutant spot
phenotypes. The adult offspring consisted of mwh +/+ fiIr® (trans-heterozygote labeled —
MH) genotypes and were collected and fixed in 70% ethanol. (30 g of arabic gum, 50 g of
chloral hydrate) and analyzed for the occurrence and frequency of mutant spots in the wings
of marked trans-heterozygous D. melanogaste descendants (mwh/flr’) r in optical

microscope at 400X magnification.

2.13. Statistical analysis

For the Ames test, results were analyzed using the Salanal statistical software (US
Environmental Protection Agency, Monitoring Systems Laboratory, USA, version 1.0, of the
Research Triangle Institute, RTP, USA) and the model of Bernstein et al. (1982). For the
acute toxicity test, mean * standard deviation Student's t-test was used to compare groups.
Micronucleus test, comet assay, cell death assay, Splenic phagocytosis assay, differential
blood cell count data were expressed as mean + standard error. The statistical evaluation
was performed by analysis of variance (ANOVA) followed by Tukey's post-hoc test using p
<0.05 to consider significant differences between treatment and control groups. GraphPad
Prism software was used (version 5.0; Graph-Pad Software Inc., San Diego, CA, USA).
For the SMART test, statistical analysis of the Frei and Wrligler method was used, where

findings were distinguished by the type and size of mutant stains and analyzed by bi-caudal
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chi-square test for proportions, with significance level of a=g 0.05, where the statistical

diagnosis was positive (+), negative (-) or inconclusive (i).

3. Results

3.1. In vitro Test
3.1.1. Ames Test

According to the results in Table 1, Inf-L-At did not show mutagenic potential against
the TA 98 lineage without metabolic activation. However, with metabolic activation,
concentrations of 150, 500 and 5000 ug/plate despite not having an IM > 2 significantly

increased (p < 0.05) revertant colonies, demonstrating a tendency to become mutagenic.

In relation to the TA 100 strain, Inf-L-At in the assay without metabolic activation
significantly increased the number of revertant colonies at concentrations of 150, 500, 1500
and 5000 pg/plate, but they did not present an IM > 2. Also demonstrating a tendency to
become mutagenic, a similar result at the concentrations of 150 and 50 pg/plate of TA 100
with metabolic activation. Only concentrations of 5000; 1500 and 500 ug/plate with
metabolic activation had an MI > 2 and demonstrated to be capable of causing a base pair

substitution mutation.

(INSERT TABLE 1 HERE)

3.2. Acute toxicity test

After oral exposure to Inf-L-At (2000mg/kg/bw) there was no record of animal
mortality. During the two weeks of observation, the rats showed no changes in behavioral

parameters, and no signs of clinical toxicity were shown until the last day of the Hippocratic



screening. As well as there were no significant changes in water consumption. However,
the other results obtained show that for the animals exposed to Inf-L-At, there was a
significant reduction (p < 0.05) in the average feed intake per day (82.00g = 6.28),
compared to the control group (90.43g * 5.03), there was also a significant decrease (p
<0.05) in the final average weight of the animals in the treated group (179.40g + 12.12),

compared to the average weight of the animals in the control group (200.80g + 13.83).

Significant differences (p<0.05) were observed in the relative weight of the kidneys
and a decrease in the absolute weight of the liver of animals from the group exposed to Inf-
L-At. (Table 2). After necropsy, the organs of animals in both groups did not show signs

of macroscopic changes.

(INSERT TABLE 2 HERE)

3.3. Genotoxicity and Mutagenicity Studies in rodents exposed to Inf-L-At
3.3.1 Comet assay

The comet assay demonstrated a significant increase (p<0.0001) in the DNA
damage index (Score) in the positive control group (PC) when compared to the negative
control group (NC) and to all experimental groups (62.5, 125 and 250 mg/kg). Respectively,
significant differences were identified in the Score of groups treated with Inf-L-At compared
to the NC group, in females exposed to a dose of 62.5 mg/kg, the Score showed a greater
statistical difference (p<0.01) in males, the 62.5 and 125 mg/kg doses showed Score with
the greatest significant difference (p<0.001) compared to the NC group. Both in the score
and in the average frequency of total damage, the Inf-L-At groups were statistically different

in relation to the PC group, suggesting lower damage rates in comparisons (Table 3).
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(INSERT TABLE 3 HERE).

3.3.2. Mutagenicity in bone marrow erythrocytes

The groups of females (a) and males (b) treated with Inf-L-At at doses 62.5, 125 and
250 mg/kg showed a mutagenic tendency, the results of the mean frequency of micronuclei
increased significantly (p < 0.05) in females and males, compared to the negative control
group (NC). However, the groups treated with Inf-L-At did not show any significant
difference between them. The mean micronuclei frequency values in polychromatic
erythrocytes (MN-PCEs) in the cyclophosphamide (PC) group were significantly increased
in both sexes. The three doses of Inf-L-At administered caused lower and significantly
different damage frequencies (p < 0.01) compared to the mean frequencies observed in
the CP group. The differences were less pronounced (p < 0.05) in males exposed to doses

of 62.5 mg/kg and 250 mg/kg, as shown in Fig. 1.

(INSERT FIGURE 1 HERE)

3.3.3. Cytotoxic effects on bone marrow erythrocytes

After statistical analysis of the relationship between polychromatic and
normochromatic erythrocytes (PCEs / NCEs), the results showed that treatment with doses
of Inf-L-At was able to induce cytotoxicity in rats of both sexes, when compared to the
negative control group statistical differences were observed (p<0.001). There was a
decrease in the values obtained for the ratio between (PCEs / NCEs) in the
cyclophosphamide group (PC), in females (a) and males (b), these values showed a

significant difference (p <0.001) compared to the NC group. In summary, this observed
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decrease in the ratio (PCEs / NCEs) in females and males exposed to cyclophosphamide
suggest an effective cytotoxic action. However, the groups treated with Inf-L-At, despite
showing a potential tendency to cytotoxicity, in comparison to the positive control group
(PC) differ significantly with p<0.05, suggesting a cytotoxic effect 2 times smaller than the

effect of chemotherapy (Fig. 2).

(INSERT FIGURE 2 HERE)

3.3.4. Mutagenic effects on peripheral blood erythrocytes

After 24 hours of the treatment protocol, the values obtained show (mean + EPM)
of: 5.00 £ 0.32,94.00 + 1.18, 24.00 £ 1.70, 24.00 £ 0, 84 and 24.60+0.75 of micronucleated
cells for female rats in the negative control group (NC), cyclophosphamide group (PC),
groups 62.5 mg/kg, 125 mg/kg and 250 mg/kg j (Inf-L-At) respectively, and (mean + EPM)
of 5.80 £ 0.66, 90.60 + 2.62, 28.20 + 0.49, 25.60 + 0.51 and 26.80 £ 1 .74, in male rats, in
groups NC, PC, 62.5 mg/kg, 125 mg/kg and 250 mg/kg of the Inf-L-At. The PC group
proved to be efficient in inducing damage in 24 hours (T1), 48 hours (T2) and 72 hours
(T3), in animals of both sexes, and in comparison with the values recorded in the NC group,

they showed differences statistics (p<0.001).

The Inf-L-At showed a significant increase in the induction of mutations in the three
doses administered and the mean frequency of micronucleated cells, in animals of both
sexes, differed significantly (p<0.001) in comparison with the negative control group (NC)
in T1, T2 and T3. The groups treated with Inf-L-At showed a significant decrease in the
frequency of micronuclei compared to the PC group (p<0.01), therefore, the genotoxic
activity observed by the administration of Inf-L-At was less efficient than the effects

exhibited by cyclophosphamide (Fig. 3).
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(INSERT FIGURE 3 HERE)

3.4 SMART Test

In Table 4, the results of the SMART test were represented in the frequency of single
spots, large spots, twin spots, and total of mutant spots. After statistical analysis, negative
control showed frequency of formation of mutant spots of 0.35 and 0.50, in ST and HB
crosses, respectively. In the analysis of the positive control group (DXR), mutant spot
frequency values were 3.40 in the ST cross mwh / fir? offspring and 5.80 in the HB cross
mwh / ORR offspring; therefore, the DXR group showed statistical differences compared to
the negative control, in both crosses, with positive diagnosis in mutagenicity. Treatment
with Inf-L-At at doses of 2.5 and 5.0 mg/ml caused spot frequencies of 0.90 and 1.15, with
induction potential of 61.1 and 69.56, respectively, in ST cross offspring. Furthermore, the
same doses caused frequencies of 1.10 and 1.95 in HB cross offspring, with potential for
inducing mutations of 54.4 and 74.35, respectively, statistically differing from negative
control. According to the statistical genotoxicity diagnosis, Inf-L-At at doses 2.5 and 5.0
mg/ml caused mutagenicity; however, dose of 1.25 mg/ml showed inconclusive result,

suggesting non-mutagenic potential.

(INSERT TABLE 4 HERE)

3.5. Immunomodulatory potential of animals exposed to Inf-L-At

3.5.1. Apoptotic effects on liver and kidneys
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The results for the apoptosis assay were expressed as Mean £+ SEM and as the
absolute total cells undergoing apoptosis in the liver and kidneys in each group. After
administration of Inf-L-At at doses of 62.5, 125 and 250 mg/kg, significant increase (p<0.05)
in the frequency of cells undergoing apoptosis in the liver was observed in females, with
values increased by 7.00, 5.92 and 6.36 times compared to negative control (NC).
Significant increase of apoptosis in kidney cells was also observed, with average frequency

of 5.27, 5.45 and 5.24 times higher than the average recorded for the NC group.

Similarly, males exposed to Inf-L-At at doses of 62.5, 125 and 250 mg/kg exhibited
similar trend in the increase in the mean of cells undergoing apoptosis in the liver, with
values of 7.46, 5.82 and 6.61 times higher than the mean values observed in the negative
control group. Increase was also observed in the kidneys of these animals, whose values
were 6.57, 5.12 and 5.60 times higher when compared to the mean of cells undergoing
apoptosis in the kidneys of males in the NC group. The administration of cyclophosphamide
in the CP group caused increase of cells undergoing apoptosis in the liver (9.63 times
higher) and in the kidneys (10.86 times higher) in females, and increase of 9.97 times and
10.36 times in liver and kidneys of male animals, being statistically different (p<0.05) from

the negative control group (Table 5).

(INSERT TABLE 5 HERE)

3.5.2. Splenic phagocytosis in the spleen

The administration of Inf-L-At at doses of 62.5, 125 and 250 mg/kg showed potential
in inducing splenic phagocytosis, with significant increase (p<0.01) in the number of cells

undergoing phagocytosis in the respective treatment groups, with average frequency
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increased by 1.83, 1.48 and 1.66 times more in females and by 1.91, 1.57 and 1.76 times
more in males (b), compared to animals in the negative control group (NC), with evident
statistical difference (p<0.01). The values shown for females (a) and males (b) in groups
exposed to Inf-L-At were compared to those in the cyclophosphamide group (CP), showing
statistical differences (p<0.01); however, as shown in figure 4 (b), in males, the dose of 125
mg/kg Inf-L-At showed decrease in the mean number of cells in phagocytosis, significantly

differing (p<0.05) from the other administered doses (Fig. 4).

(INSERT FIGURE 4 HERE)

3.5.3. Differential blood cell count

The results obtained in the differential blood cell count showed that after the
administration of Inf-L-At at doses of 62.5, 125 and 250 mg/kg, significant decrease (p
<0.05) in the mean number of lymphocytes and increase in the mean number of neutrophils
were observed in treated animals compared to the negative control group. Similarly, the
administration of cyclophosphamide (CP) in animals of both sexes caused significant
decrease (p < 0.05) in the mean frequency of lymphocytes and increase in the values of
circulating neutrophils. Respectively, the dose of 250 mg/kg, administered to females, and
the three doses of Inf-L-At administered to males, showed ability to decrease lymphocytes
and increase neutrophils; however, with significant difference compared to the CP group (p
< 0.05). For the other types of cells, no significant differences were observed among

experimental groups (Table 6).

(INSERT TABLE 6 HERE)
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4. Discussion

In traditional medicine, the use of medicinal plants represents an ancient custom,
being an important tool for primary health care in developing countries. Due to their wide
geographic distribution or to the economic need of the population, they are preferentially
used, compared to synthetic drugs (Bernstein et al., 2020). Furthermore, in economically
developed nations, there has been a significant increase in the use of plant derivatives and
by-products for primary health care (El Sheikha, 2017). Currently, 25% of drugs officially
approved by the Food and Drug Administration (FDA) are derived from medicinal plants,
and are approved by the European Medicinal Agency (EMA) for the synthesis and
prospection of new semi-synthetic drugs (Garcia-Pérez et al., 2020).

Inserted in the context of plants with wide ethnopharmacological use, the
Aristolochia triangularis Cham. species has in its organs secondary metabolites belonging
to several chemical classes, such as lignoids, terpenoids, alkaloids, alkamides and
flavonoids (Silva et al., 2019). Such metabolites have therapeutic purposes for the
treatment of various diseases, such as diabetes, rheumatism, infections, wounds and skin
diseases, in addition to potential pharmacological actions, such as antiproliferative,
antimicrobial, antiherpes and antileishmania (Oliveira et al., 2019).

Other special metabolites, such as aristolochic acids (AAs) and aristolactam, are
also recurrent in species of the genus Aristolochia. In addition, recent publications attribute
to these acids mutagenic potential and association with nephrotoxic activity, after exposure
to plants of this genus (Han et al., 2019). Thus, the FDA in the United States, and other
regulatory authorities in several countries have created a warning against the indiscriminate
use of derivatives or parts of Aristolochia spp, given the risk of exposure to the respective

toxins and the lack of toxicological studies. This research is encouraged by drug regulatory
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agencies and represents the first study to evaluate the lyophilized infusion of A. triangularis
leaves (Inf-L-At) by in vitro and in vivo toxicological screening, with elucidation of genotoxic
and immunomodulatory effects and estimation of the safe dose for use. In folk medicine,
tea from A. triangularis leaves is the most common form for therapeutic purposes, and thus,
Inf-L-At was obtained by the infusion method, similarly to the preparation of teas, with
average yield of 200 mg/kg every 1.6 liters/tea/day.

Preliminarily, Inf-L-At was evaluated by the acute toxicity test, with experimental
protocol based on guideline 425 “Acute oral toxicity — Up and down procedure” from the
Organization for Economic Cooperation and Development (OECD). Female Wistar rats
were preferably used, due to their greater sensitivity to toxicity tests (OECD, 2008a). In
these tests, dose of 2000 mg/kg/bw of Inf-L-At was orally administered, and after
observation for 14 consecutive days, no record of mortality was observed in treated rats,
with estimated LDso above 2.0 g /kg. On the other hand, treatment with Inf-L-At provided
significant change in the average food intake and decrease in the body weight of rats,
compared to results obtained in the control group. According to Teo et al., (2002), the
reduction in food intake is indicative of an adverse reaction to the drug used; in addition, it
is suggested that these adverse effects may be reversible, according to evidence in longer
studies, these usually occur within 30 days of exposure. Similar to results of this research,
the study by Aigbe et al. (2019) exposed female rats to different doses of aqueous extract
from Aristolochia ringens Vahl. roots, and the administration of the extract at dose of 250
mg/kg was able to cause significant reduction in the mean weight of animals. After the 4t
week of exposure to the extract, significant reduction in the difference between weights of
groups being compared was observed. At the same time, decrease in the absolute weight
of the liver was also observed due to the attenuation of the hepatic metabolic activity in

response to changes in the average food intake in the respective treatment group. Since
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liver plays a central physiological role in detoxification, the consumption of medicinal plants
can cause hepatotoxicity, as evidenced by macroscopic changes and increase in the
absolute organ weight (Alya et al., 2015). However, this result does not suggest that oral
Inf-L-At did not induce hepatotoxic alterations.

Among the other results of this test, the mean relative weight of kidneys increased
significantly in rats exposed to Inf-L-At (2.0 g/kg/bw). Aristolochia spp. is chemically
recognized for containing aristolochic acids, and in rodents, kidneys represent the main
pathway for metabolizing these toxins, which with potential nephrotoxic action, are initially
mediated by oxidative stress (Aigbe et al., 2019). Considering that Inf-L-At is safe for acute
oral exposure in rats, at doses lower than or equal to 2000 mg/kg, its toxicological nature
is classified as Class 5. As described by Traesel et al. (2014), a substance administered at
2.0 g/kg that causes no lethality nor significant changes in the Hippocratic and behavioral
screening, demonstrates Class 5 toxicological nature (LDs0>2,000 mg/kg), showing unlikely
toxicity.

Animals submitted to toxicogenetic screening had their biometric parameters
evaluated, and rats of both sexes maintained similarity among experimental groups. At this
time, Inf-L-At did not cause clinical toxicity, without any evidence of changes in food intake,
water consumption and changes in body weight or absolute weight of organs removed in
laparotomy for macroscopic evaluation. Thus, the absence of toxicity in the administration
of Inf-L-At doses of 62.5; 125 and 250 mg/kg in rodents was demonstrated.

Currently, regulatory agencies require medicinal plants to undergo more robust
biological testing protocols for screening and monitoring of their genotoxic potential.
Furthermore, genetic mutations and chromosomal abnormalities should be investigated
through in vitro and in vivo assays. Among the various genotoxic study protocols, the Ames

test is probably considered the main and most important mutagenicity screening, with
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positive accuracy of approximately 90% in the elucidation of carcinogenic chemical
substances (Zeiger, 2019). In literature, this test is also known as a reversion test or
Salmonella/microsome. Sponchiado et al. (2016) suggest that this is one of the main
methods for in vitro mutagenicity investigation. At this stage, the mutagenic potential of Inf-
L-At was in vitro evaluated, by exposing enteric Salmonella TA98 and TA 100 lineages
(Salmonella Typhimurium). Inf-L-At at concentrations of 150, 500 and 5000 pg/plate
showed to significantly increase the number of TA98 revertant colonies with metabolic
activation (S+), although the mutagenicity index (MI) was lower than two, indicating that,
under these conditions, infusion presents mutagenic trends. Similarly, the TA 100 lineage
(S-) also increased reversibility, with high proliferation in the number of colonies, once again
indicating potential mutagenic trend with MI<2. However, unlike previous data, the same
lineage exposed to (S+) by the microsomal fraction (S9 fraction) at concentrations of 5000;
1500 and 500 ug/plate underwent induction of DNA base pair substitution mutations, with
MI > 2, thus demonstrating that the infusion has direct and/or indirect mutagenic effects
only on the TA 100 lineage.

Drosophila melanogaster, popularly known as fruit fly, has 60% of the genome
homologous to the human genome and 75% of genes responsible for human diseases have
homologues in flies (Ugur et al., 2016). In this experimental model, phenotypically mutant
spots originate from DNA lesions in imaginal disc cells that give rise to the wings of offspring
exposed to the test drug. The assay detects genotoxic potential due to loss of
heterozygosity, and among observable genetic alterations, punctual mutations stand out
(Vasconcelos et al., 2020). From the results of the SMART test, it is reinforced that Inf-L-At
at concentrations of 2.5 and 5.0 mg/ml was able to induce alterations, whether in DNA
sequences, or through structural modifications in the chromosomes of the trans-

heterozygote mwh/fler® offspring from the standard cross (ST) and in the mwh/TM3
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offspring from the high bioactivation cross (HB), with positive diagnosis for mutagenicity. It
is known that the highest frequencies of mutant clones occurred in the ST cross offspring
and in the HB cross offspring exposed to doxorubicin (DXR). This chemotherapeutic agent
has intercalating action and interacts with topoisomerase I, causing permanent DNA
damage. In this test, both infusion and DXR effectively caused mutagenesis in D.
melanogaster somatic cells, probably through the formation of DNA adducts, or by inducing
the formation of reactive oxygen species, with single and double strand breaks in DNA and
recombinations.

To assess the genotoxic effects of Inf-L-At, the comet assay was used, which is
widely used for analyzing DNA damage in eukaryotic cells and animal tissues, both in vitro
and in vivo. In toxicogenetic studies, it is an efficient biomarker for detecting genotoxicity
and a predictor for mutagenicity and carcinogenesis. In addition, it has consolidated
methodology with simple technique and high sensitivity, statistical power and speed, with
execution in less than 24 hours (Araldi et al., 2015). In this work, the alkaline version pH>13
was chosen, as recommended by guideline (TG 489) from the Organization for Economic
Cooperation and Development (OECD).

In short, Inf-L-At doses were potentially genotoxic and, compared to the control
group, caused exponential increase in DNA damage, with higher frequency of cells with
class 1 damage. Nevertheless, these doses did not produce damage indices (Score) as
severe as those observed in animals of both sexes exposed to a single cyclophosphamide
dose (CXP), considered an alkylating agent with indirect chemotherapy action in inducing
DNA damage and apoptosis (Oliveira et al., 2018). Thus, it is commonly necessary to
associate these results with those of other mutagenicity tests, since the comet assay does

not detect mutations, but genetic lesions, which are different events: after being processed,
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lesions are subject to correction by the action of DNA repair genes, otherwise, mutations
occur (Ueda, 2020).

Also in this context, Inf-L-At not only caused DNA damage, but also indicated
cytotoxic potential by analyzing the PCEs/NCEs ratio using micronucleus tests. In addition,
Inf-L-At also showed mutagenic effects in rodents, although with less frequency of damage
compared to the mutagenicity produced by the administration of cyclophosphamide in the
control group. Thus, as expected, the results found in the positive control group corroborate
the potential mutagenic effects attributed to the reference chemotherapy.

The action of clastogenic agents induces damage to chromosomes, or parts of them,
causing nucleotide breaks and damage to genes. In parallel, aneugenic agents act
specifically on the mitotic spindle, causing severe injuries. Consequently, these lesions will
only attach to the DNA as micronuclei - a division after the occurrence of genetic damage
that makes mutations evident (Araldi et al., 2015).

Therefore, micronucleus tests in peripheral blood and bone marrow are essential in
studies such as this one, and present advantageous correlation between them, since the
same animal can provide several blood samples without the need for euthanasia. The
evaluation of the profile of micronucleus formation in peripheral blood occurred over the
three days of exposure to Inf-L-At, and subsequently, the mutagenicity investigation was
completed with the extraction of the bone marrow 72 hours after initial treatment.

The mutagenic potential described above was proven through the two tests and
indicated reduction in the frequency of mutations 72 hours after the first Inf-L-At
administration. As the frequency of micronuclei reduced temporally, it is likely that the organ
of animals exposed to the test drug has activated apoptosis or phagocytosis pathways,

similarly to results described by Araujo et al. (2017), with emphasis on the apoptotic effects
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and the role of phagocytosis during the process of elimination of micronucleated cells after
exposure.

This conclusion is supported by the results of cytological and immunomodulatory
assays for apoptosis and phagocytosis and white blood cell count. In these assays, the
diagnosis of immunomodulatory effects, including target organ apoptosis assays and
splenic phagocytosis, was necessary for the better understanding of the genotoxicity
mechanisms of new drugs and therapies (Oliveira et al., 2018).

At this stage, the same Inf-L-At doses that were genotoxic also stimulated splenic
phagocytosis. This fact was evidenced by lymphocytopenia in the respective groups
exposed to Inf-L-At, in which cells with genetic lesions were removed from the blood
through efficient physiological response in the presentation of antigens to lymphocytes,
triggering maturation, activation and recruitment of young cells (Araujo et al., 2017). In this
case, migration of these cells to tissues was evidenced, specifically to the spleen, where
they exert phagocytic activity. Furthermore, after differential count, in numerical proportion,
neutrophilia occurred, which event is explained by the percentage unbalance in the
decrease in total lymphocytes. Such immunomodulatory action was similar to results shown
in the group exposed to CXP, initially promoting the removal of lesions, followed by removal
of senescent leukocytes and apoptotic cells.

Through the apoptosis assay in kidneys and liver, it was possible to identify
increased apoptotic effect on the cells of these organs in animals treated with Inf-L-At
doses. This suggests that the infusion, despite being mutagenic, is exponentially efficient
in activating apoptotic pathways in target organs, with potential similar to the CXP group.
This event is intrinsically regulated by several molecular and biochemical factors (Saraste,
2000), controlled through the expression of anti-apoptotic proteins, such as Bcl-2, and pro-

apoptotic ones, such as Bax. When exposed to mutagenic substances, cells with DNA
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damage increase the synthesis and expression of these proteins and, when faced with
cellular stress, a cascade of apoptotic caspases is initiated.

Through mitochondrial permeabilization, Bax protein is released in association with Bcl-2
inhibition, which enables the activation of apoptosis-associated protease activating factor
(APAF-1), which binds to cytochrome c and activates caspase 9 and caspase 3 (Petros, et
al., 2004). In addition, apoptosis can also be caused by specific ligands in connection with
membrane receptors on tumor necrosis factors (rTNF).

When there is DNA damage, in evidence in the comet test, p53 firstly acts in an
attempt to regulate the checking-point of G1 in the cell cycle. Subsequently, if the error
persists, apoptotic events are activated in order to avoid the permanence of lesions after
cell division and consequent induction of mutations (Desagher & Martinou, 2000). Recent
in vivo and in vitro studies indicate that, in species belonging to Aristolochia spp., AAs
induce apoptosis in kidney cells, with probable activation of apoptosis through oxidative
stress, mitochondrial stress, or activation of the MAPK pathway through interaction with
NADPH, in addition to other oxidative enzymes, providing suppression of the PI3K / Akt
signaling pathway, with reduced Bcl-2 levels and increased Bax levels in endothelial cells
(HUVECS) (Anger, et al., 2020).

There is no (complete) chemical study in literature on the chemical composition of
A. triangularis leaves, but probably, among the various substances belonging to the organs
of the species, the content of aristolochic acids | and 1l (AA | and AA 1) will be detected and
quantified, as well as lignoids, diterpenoids and phenanthrenic derivatives (Silva et al.,
2019). The mutagenicity observed in Ames and SMART tests, and bone marrow and
peripheral blood micronucleus assays is probably not associated with the presence of
lignans discovered in recent studies, a fact that attributes to this constituent potential

antimutagenic activity.
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On the other hand, two essential oils extracted from A. mollissima rhizome and
shoots indicate in vitro cytotoxic effects on tumor cell lineages (ACHN, Bel-7402, Hep G2
and Hela) (Yu et al.,, 2007). Due to the chemical constitution mainly composed of
sesquiterpenes, the analyzed cytotoxicity was correlated to them. Another study, also in
vitro, verified cytotoxic and genotoxic effects from treatments of HepG2 cells with AA I,
providing increase in the frequency of micronuclei. It is noteworthy that the identified
mutagenic potential may be strongly related to the action of aristolochic acids, commonly
present in Aristolochia spp. plant parts (Nitzsche et al., 2013).

Furthermore, kauranic diterpenes are terpenoids abundant in several Aristolochia
species, and have several biological properties, such as abortive, anti-inflammatory,
antioxidant and antityrosinase activities (Pacheco et al., 2009). In addition, they are also
metabolites with potential cytotoxicity in cell lineages of prostate, colon and breast cancer
(Henry et al., 2006). In general, Aristolochia species showed diverse patterns of cytotoxic
effect mechanisms (Zhou et al. 2013).

Of all metabolites that possibly have mutagenic potential, aristolochic acids and
aristolactams (ALs), abundant in the genus of the species under study and expressive in
leaves, are compounds whose mutagenicity has been widely studied and recognized in
literature (Han et al., 2019), being associated, for example, with nephrotoxicity in prolonged
exposures in the consumption of Aristolochia spp. species.

The biochemical mechanism involved in the mutagenicity of AAs and ALs includes
the formation of nitrogen ions from ALs and their subsequent binding to nitrogenous bases
in the DNA of cells. Recent studies suggest that, after oral administration of AA in rodents,
after biotransformation, metabolites are absorbed in the gastrointestinal tract, follow in the
blood tissue, and act in the stomach, intestine, liver, spleen, lung and kidneys, causing DNA

adducts, predictive for the identification of genotoxic and carcinogenic agents. In long-term
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exposure, they cause Tp53 mutations, with activation of mitogen-activated protein kinase
(MAPK or MAP kinase) in association with reactive oxygen species (ROS), leading to p38
activation and causing apoptosis cascades to eliminate damages to cells (Anger et al.,
2020).

In this study, from the origin of genotoxic lesions, cells did not show efficient
mechanisms in relation to the activation of DNA repair genes, thus initiating mutation
events. As results indicate, the frequencies of micronuclei were higher than the means of
the negative control group, but lower than those recorded in the CXP control.

Furthermore, efficiency in the activation of splenic apoptosis and phagocytosis
mechanisms as a strategy to eliminate damage to genetic material exposed to different
treatment protocols with Inf-L-At was observed. This indicates that cells are able, in a short
period of time, after acute treatments, to repair themselves without interfering with the
organism's natural physiology. On the other hand, in contrary cases, when there are no
efficient repair mechanisms for lesions, there is prediction of nephropathy, renal failure and
carcinogenesis problems. Finally, although it is relatively premature to suggest that the
mutagenic potential presented by A. triangularis tea is due to the presence of AAs in leaves,
mainly because there is no detailed and specific chemical description for this tea in
literature, recent preliminary studies on the chemical constitution of Inf-L-At corroborate this

hypothesis.

5. Conclusion
In agreement with various ponderations against reductionist claims involving
Aristolochia plants, this work indicated that, despite the controversy surrounding such

species, the infusion to 10% of in natura A. triangularis leaves exhibits a pharmacological
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safety profile relatively safe, as no signs of clinical or behavioral toxicity were observed by
the acute toxicicity test in rats. However, increasing the dose of the aqueous extract here
assessed showed mutagenic effects in toxicogenetic assays, with decreased potential 72
h after treatment. Under the conditions and in the doses tested in this work, it was observed
efficiency in the activation of splenic phagocytosis and cellular apoptosis, being these
mechanism essential for the elimination of cells with DNA damage. Therefore, caution is
required in the use of A. triangularis leaves for medicinal purposes, and further studies are
needed in order to understand how to safely enjoy the probable health benefits of herbal

preparations containing this plant.
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Figure Captions

Fig. 1. Mutagenic effects after treatment with Inf-L-At and cyclophosphamide (CP) in MN-
PCEs counts using the bone marrow of female (a) and male (b) Wistar rats. Data expressed as
mean = SEM (n = 5) of the number of MN-PCEs in the micronucleus assay. Differs from the
(CP) *** p <0.001; ** p <0.01; * p <0.05; Different letters indicate statistically significant
differences between group p <0.05 (one-way ANOVA, followed by Tukey's post-test). A total
of 2000 polychromatic erythrocytes from each animal were analyzed. MN-PCEs were

quantified.

Fig. 2. Cytotoxic effects of treatment with Inf-L-At and cyclophosphamide (CP) in the
PCEs/NCEs ratio the bone marrow of female (a) and male (b) Wistar rats. Data expressed as
mean = SEM (n = 5) of the PCEs/NCEs ratio in the micronucleus assay. *** Negative control
(NC) differs significantly (CP) and from other groups p <0.001. Different letters indicate
statistically significant differences p <0.05 (one-way ANOVA, followed by Tukey's post-test).

A total of 200 cells from each animal were analyzed.

Fig. 3. Frequency of micronuclei in female (a) and male (b) rats treated orally with Inf-L-At
cyclophosphamide. Analysis of variance - One-Way ANOVA with Tukey's post-test. ****p <
0.0001; ***p < 0.001; **p < 0.01 compared to the controlgroup. Bars represent groups in time
24 hours (T1), 48 hours (T2) and 72 hours (T3) after the treatment.

Fig. 4. Cells with evidence of phagocytosis 72 hours after treatment with Inf-L- At (2.5; 125 e
250 mg/kg) and cyclophosphamide (CP 50 mg/kg), female (a)and male (b) Wistar rats. Data
expressed as mean + SEM (n = 5) differs significantly from groups control ***p <0.001; ** p
<0.01; *p <0.05. Different letters indicate statistically significant diferences in comparisons
between groups p <0.05 (one- way ANOVA, followed by Tukey's post-test). A total of 200 cells

from each animal were analyzed.
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Table

Table 1. Mutagenic activity expressed as the mean of revertants/plate + standard
deviation of the lyophilized infuse of Aristolochia triangularis leaves against S.

TA 98 TA 100
Concentragbes
(Mg/placa) St > St >
02 12.00 + 3.61 27.33+1.53 86.00 £ 5.29 85.67 + 15.82
50 20.00 + 4.58 19.33 +2.08 170.67 + 1.53** 158.67 + 35.80
150 21.33+1.53* 19.67 + 2.08 140.00 + 10.39** 167.33 £ 5.86™*
500 23.00 + 3.00* 24.33+2.89 226.67 + 4.62** 138.33 + 15.04*
1500 16.00 £ 5.20 21.33+7.77 173.00 + 4.58** 170.67 + 2.52**
5000 23.67 + 1.53* 24.67 + 5.69 282.00 + 25.06** 158.33 + 15.01*
C+ 307 £ 9.00¢ 820.50 + 3.50° 1317.00 £ 1.00¢ 1328.50 + 31.50¢

Typhimurium TA 98 and TA 100 lineages with metabolic activation (S+) and
without metabolic activation (S-).

02: Distilled water used as extract diluent; Positive Control (C +): ® 4-nitro-o-phenylenediamine (10 ug/plate);
¢ Sodium azide (2.5 ug/plate); 92AA-aminoanthracene (2.5 ug/plate).
Significant difference ANOVA: * p<0.05; **p<0.01.

14
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Table 2. Food and water intake, body weight gain, absolute and relative organ
weight (g /100g body weight) of rats treated orally for 14 days in acute toxicity
with lyophilized infuse of Aristolochia triangularis leaves

Acute Toxicity
Parameters Control 2000 mg.kg""
Initial weight (g) 179.80 + 10.69 161.40 £ 9.99
Final weight (g) 200.80 £ 13.83 179.40 £ 12.12*
Body weight gain (%) 11.68 + 1.62 11.15+ 3.50
Food intake (g/day) 90.43 £ 5.03 82.00 + 6.28*

Water intake (mL/day) 207.69 £ 39.24 187.31 £ 42.06

Organs (g)

Organs (g.100g™")

Heart (g) 0.58 + 0.08 0.54£0.10
Heart (g /100g) 0.29 + 0.02 0.30 £ 0.05
Lung (9) 0.96 £ 0.17 0.85+0.10
Lung (g /100g) 0.47 £ 0.06 0.47 £ 0.06
Liver (g) 9.05 + 0.64 7.67 £0.43**
Liver (g /100g) 4.51+0.29 428 +0.17
Kidney (g) 0.76 £ 0.08 0.72 £ 0.06
Kidney (g /100g) 0.38 £ 0.02 0.40 £ 0.01*
Spleen (g) 0.39+0.05 0.37 £ 0.05
Spleen (g /100g) 0.20 £ 0.02 0.20 £ 0.02
Ovary (g) 0.15+0.04 0.11£0.02
Ovary (g /100g) 0.07 £ 0.02 0.06 £ 0.01
Uterus (g) 0.53+0.23 0.42 +0.19
Uterus (g /100g) 0.27 £ 0.13 0.23 +0.11

Values expressed in mean + standard deviation. n = 5 animals / group. Values differ statistically from the
control group (t student) * p <0.05.
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Table 3. Effects of treatment with Inf-L-At and cyclophosphamide (positive control) on the index and frequency DNA damage using the
peripheral blood of female and male Wistar rats.

Groups Injured Cells Classes of damage Score
0 1 2 3
Female
gg 5.00+£1.51 95.00+1.512 4.60+1.292 0.40+0.402 0.00£0.002 5.40+1 .80”“
62.5 ma/k 65.00 +1.14™ 35.00+1.14¢ 35.20%1.77°¢ 25.60+0.75° 4.20+0.37° 99.00 10.84”
12'5 m glkg 27.00+2.05™ 73.00+2.05° 23.40+1.72° 2.40+0.24° 1.20+0.372 31.80+2.74 ’
250 mg/kg 24.80+2.48™ 75.20+2.48° 21.80+1.93° 2.20+0.3720 0.80+0.582 28.6013.47*
g'kd 24.60+2.11™ 75.40+2.11° 21.20+1.93° 2.20+0.372b 1.20+0.202 29.20+£2.46
Male
gg 6.20+0.80 93.80+0.80¢ 5.40+0.872 0.60+0.402 0.20+0.202 7.20%1 .02***
62.5 ma/k 64.00 +2.43™ 36.00+1.87¢ 35.80+2.89°¢ 25.00+0.95° 3.20+0.80¢ 95.40 13.47***
12'5 m glkg 28.80+1.62™ 71.20+1.62° 25.80+1.59° 2.20+0.732 0.70+0.37° 32.60+1 .72***
250 mglkg 28.60+1.25™ 71.40+1.25° 26.20+1.16° 1.40+0.402 1.00+0.45° 32.00+1.30 B
g'kd 24.20+1.56™ 75.80+1.56° 21.40+1.57° 1.60+0.512 1.20+0.4932bc 28.20+2.13

Negative control — (NC) saline solution; Cyclophosphamide 50 mg/kg bw. (CP), ip.; Inf-L-At leaves (62.5; 125 e 250 mg/kg). Values expressed as mean + SEM, n = 5 animals/group. @ no
genotoxic; others letter show genotoxic potential, show statistically significant differences (p < 0.05) compared to each other ANOVA/Tukey. Analysis of variance - One-Way ANOVA with
Tukey’s posterior test. * p <0.05; ** p <0.01; *** p <0.001; **** p <0.0001 compared to the NC. group. Class 0: no damage; class 1: tail of comet shorter than the diameter of nucleiod; class
2: tail of comet once or twice the diameter of nucleoid; class 3 e tail of comet more than twice the diameter of nucleoid.



177

Table 4. Frequency of mutant spots in the wings of marked trans-heterozygous descendants (mwh/fir?) of D. melanogaster using the
standard cross (ST) and cross the high bioactivation (HB) after chronic treatment of larvae with Inf-L-At (Infuso liofilizado de
Aristolochia triangulares).

Spots per fly (number of spots) statistical

diagnosis 2
Genotypes N°of Small single Large single Twin Total Total
and Conc. flies spots spots spots Spots clones
(mg/mL) (N) (1-2 céls)® (>2céls)® mwh¢
(ST) m=2 m=5 m=5 m=2 (n) Induction (%)
NC 20 0.30 (06) 0.05 (01) 0.00 (00) 0.35 (07) 07
DXR (0.125) 20 0.60 (12) 1.90 (38) 0.95 (19) 340 (68) + 67
Inf-L-At (1.25) 20 0.50 (10) i 0.10 (02) i 0.05 (01) 0.65 (13) i 13
Inf-L-At (2.5) 20 0.70 (14) i 0.20 (04)i 0.00 (00) 090 (18) + 18 61,1
Inf-L-At (5.0) 20 0.50 (10) i 045 (09)+ 0.20 (044) 115 (23) + 23 69,56
(HB)
NC 20 0.35 (07) 0.15 (03) 0.0 (00) 0.5 (10) 10
DXR (0.2) 20 1.45 (29)+ 280 (56)+ 1.55 (31) + 5.80 (116) + 114
Inf-L-At (1.25) 20 0.70 (14) i 0.20 (04) i 0.0 (00) - 0.90 (18)i 18
Inf-L-At (2.5) 20 0.80 (16) + 0.20 (04)i 0.10 (02)i 1.10 (22) + 22 54,54
Inf-L-At (5.0) 20 0.85 (17) + 0.85 (17) - 0.25 (05) + 1.95 (39)+ 39 74,35

a Statistical diagnosis according to Frei and Wirgler (1988): +, positive; -, negative; i, inconclusive. m, multiplication factor for the evaluation of significantly negative results. Significance
levels p<0.05. ® Including rare fIr3 single spots. ¢ Considering mwh clones for single mwh spots and for twin spots. ¢ Only single mwh spots can be observed in heterozygous mwh/TM3
individuals, as the TM3 chromosome does not contain the fir3 mutant gene. 1% =T-NC/T x100, where T=treatment (infusion); NC+ negative control.
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Table 5. Mean * standard error of apoptotic cells in liver and kidney of rats treated with different doses of
Inf-L-At.

Groups Liver Kidneys
Total cells Mean + SE Mean + SE
analyzed Apoptotic cells Apoptotic cells
female
NC 1000 41 8.20+0.802 29 5.80+0.582
CP 50 mg/kg 1000 395 79.00+4.40¢ 315 63.00+3.69¢
Inf-L-At 62.5 mg/kg 1000 287 57.40+1.78° 153 30.60+1.21°
Inf-L-At 125 mg/kg 1000 243 48.60+2.64° 158 31.60+1.40°
Inf-L-At 250 mg/kg 1000 261 52.20+1.59° 152 30.40+0.93°
male
NC 1000 39 7.80+1.322 126 6.60+0.932
CP 50 mg/kg 1000 389 77.80+2.944 345 68.40+3.04¢
Inf-L-At 62.5 mg/kg 1000 291 58.20+3.02¢ 231 43.40+2.22°
Inf-L-At 125 mg/kg 1000 227 45.40+2.69° 187 33.80+1.83°
Inf-L-At 250 mg/kg 1000 258 51.60+2.69¢bc 210 37.00+3.83°

NC (Negative Control) — 1 mL of saline solution orally applied + Cyclophosphamide vehicle, intraperitoneally applied. CP (Cyclophosphamide)
- 50 mg/kg b.w., intraperitoneally applied.; Inf-L-At (Lyophilized Aristolochia triangularis Infusion) at doses of 62.5; 125 and 250 mg/kg b.w,
orally applied. Different letters indicate statistically significant differences. ANOVA Test, (p<0.05; Tukey



Table 6. Differential count of peripheral blood cells in Wistar rats exposed to treatment with Inf-L-At.

Cells Lymphocytes Neutrophils Monocytes Eosinophils Basophils
Reference values 40-92% 6-49% 0,6-9% 0-3% 0-2%
female
NC 64.60£1.21c  33.00+1.382 2.00£0.552 0.40£0.24° 0.000.002
(CP) 39.20 £1.352  59.80+1.16° 0.40+0.242 0.60+0.242 0.00+0.002
Inf-L-At 62.5 mg/kg 43.00+1.872®  55.00+1.67°° 0.80£0.492 1.20+0.202 0.00£0.002
Inf-L-At 125 mg/kg 42.00+1.1426  55.40+1.60° 1.20+0.582 1.40£0.512 0.00+0.002
Inf-L-At 250 mg/kg 47.20+2.41°  50.20+2.27° 1.60+0.982 1.00£0.632 0.00£0.002
males
NC 70.20+1.07¢ 27.40+1.162 2.20+0.202 0.2040.202 0.00+0.002
(CP) 38.20+1.712 59.60+2.09¢ 0.60+0.402 1.60£0.242 0.00+0.002
Inf-L-At 62.5 mg/kg 52.40+2.13P 45.80+1.85° 0.80+0.492 1.41+0.632 0.00+0.002
Inf-L-At 125 mg/kg  51.60+1.89° 46.20+1.46° 1.40+0.602 1.09+0.492 0.00£0.002
Inf-L-At 250 mg/kg  51.80+1.93P 46.60+2.42° 1.00£0.632 0.55+0.252 0.00£0.002

Reference values, mean +* standard error for each blood cell type. NC (Negative Control) — 1 mL saline solution orally applied +
Cyclophosphamide vehicle, intraperitoneally applied. CP (Cyclophosphamide) - 50 mg/kg b.w., intraperitoneally applied; Inf-L-At
(Lyophilized Aristolochia triangularis infusion) at doses of 62.5; 125 and 250 mg/kg b.w, orally applied. Different letters indicate
statistically significant differences. ANOVA Test, (p<0.05; Tukey).
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6.3. Artigo III: Antihiperglicemic potential and chemical constituents of Aristolochia

triangularis (Cham.) leaves

Artigo nas normas do Journal of Ethnopharmacology. Fator de Impacto 4.36. Qualis A2 em
Medicina II.
Data da Submissdo: xx/xx/2021.

Link com as normas da revista: https://www.elsevier.com/journals/journal-of-

ethnopharmacology/0378-8741/guide-for-authors
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I Abbreviations

! Abbreviations: ANOVA: analysis of variance; AMPK: adenosine monophosphate activated
protein kinase; CEUA: Comissdo de Etica no Uso de Animais; DM2: diabetes melito tipo 2;
EtOH:; GI: grupo controle negativo; GII: grupo controle positivo (glibenclamida 100 mg/kg
v.0): GIII: grupo tratado com o Inf-L-At (62.5 mg/kg); GIV: grupo tratado com o Inf-L-At (125
mg/kg); GV: grupo tratado com o Inf-L-At (250 mg/kg); GLU: glicose; GLUT: glucose
transporter; GOD: glicose oxidase; HbAlc: hemoglobina glicada; Inf-L-At: freeze-dried
infusion from Aristolochia triangularis leaves; Katp: Potassio sensivel ao ATP; NMR: Nuclear
Magnetic Resonance; OGTT: Teste Oral de Tolerancia a Glicose; PI3K Phosphoinositide 3-
kinases; SUR: Receptor de sulfonilureias; SGLT1: glucose transporter-1 linked to sodium ions;

SGLT?2: glucose transporter-2 linked to sodium ions; STZ: streptozotocin.
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Abstract

Ethnopharmacological relevance: Aristolochia triangularis has been extensively used in the
Brazilian popular medicine for various therapeutic purposes, presenting leaf-based teas
indication mainly to manage diabetes. Aim of the study: This study was designed to chemically
characterize an infusion of in natura leaves of A. triangularis, as well as evaluate its in vivo
antihyperglycemic properties.. Materials and methods: Chemical composition was examined
using liquid-liquid extraction, chromatographic, NMR, and LC-MS methods. The anti-
hyperglycemic activity was performed by the oral glucose tolerance test (OGTT). A freeze-
dried infusion of 4. triangularis leaves (Inf-L-At) was orally administrated to normoglycemic
male rats at doses of 62.5, 125, and 250 mg/kg for 3 consecutive days. Animals received a
glucose load (4g/kg) after 30 min of the treatment with Inf-L-At, and the blood glucose levels
were verified at 15-, 30-, 60-, and 180-min. Intestinal maltase, lactase, and sucrase activities
and quantification of muscle and liver glycogen content were also evaluated after OGTT.
Results: Inf-L-At extract has led to a glycemic reduction no dose-response at 15, 30, and 60
min comparable to that of antidiabetic drug glibenclamide, and it was accompanied by an
increase in hepatic glycogen content. In addition, there was a significant statistically decrease
in the in vitro activity of disaccharidases. Maltase and sucrase were inhibited at all doses,
whereas lactase only at 62.5 and 250 mg/kg. A total of 75 chemical constituents was found in
the tea. Among them, new seven compounds: rel-(7S,8S,7'S,8'R)-4,4'-dihydroxy-3,3'-
dimethoxy-7,9'-epoxylignan-7'-ol; 4'-hydroxy-3'-methoxy-3,4-methylenedioxy-7,9'-
epoxylignan-9,7'-diol; diglycosylated 1-(4-hydroxyphenyl)-6,7-dihydroxy-3,4-
dihydroisoquinoline; 1-(3,4-dihydroxyphenyl)-6,7-dihydroxy-3,4-dihydroisoquinoline; 1-(4-
hydroxyphenyl)-6,7-dihydroxy-3,4-dihydroisoquinoline; N-ethyl-N-methyl-affineine; and N-
methyl pachyconfine, in addition to one hitherto undescribed as a natural product: eritro-2-(5'-

hydroxy-4'-methoxybenzyl)-3-(4",5"-dimethoxybenzyl)-butan-1,4-diol. ~ Conclusion: = The
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results evidenced the anti-hyperglycemic action of the infusion from 4. triangularis leaves and
showed that it is an important source in lignoids, alkaloids, and glycosylated flavonoids, which
are known to exhibit antidiabetic effects and other biological properties that can be health-
beneficial of chronic hyperglycemia patients, thus certifying the popular use of this herbal

drink.

Keywords: Aristolochiaceae, Diabetes, hyperglycemia, oral glucose tolerance test (OGTT),

glycogen, disaccharidases
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1. Introduction

Diabetes mellitus, a systemic chronic disease with slow progression and a complex
and multifactorial nature, is a metabolic disturbance characterized by hyperglycemia, with type
2 diabetes corresponding to about 90% of diagnosed cases (Chatterjee et al., 2017). According
to the first WHO global report, since 1980 the number of adults living with diabetes has almost
quadrupled, reaching an estimated population of 422 million people in 2014 (WHO, 2016). In
addition, this disease and its complications have been responsible for an estimated 3.8 million
deaths annually (Anjana et al., 2018). The premature mortality rate has also increased
significantly (ca. 5%) in the last decades (WHO, 2021). Thus, diabetes is undoubtedly one of
the major public health problems, so much that the WHO's campaign theme in 2016 was about
diabetes (WHO, 2016).

Such alarming data justify continued efforts aiming new therapeutic methods to treat
patients with diabetes. Within this context, herbal drugs and phytochemicals continue to attract
attention, provided that the utilization of plants, including some of the birthwort family
(Heinrich et al., 2009; Trojan-Rodrigues et al., 2012), for the management of diabetes and its
associated complications is widespread worldwide and plant-derived compounds have been
shown to be promising candidates for new antidiabetic drugs (Trojan-Rodrigues et al., 2012;
Brahmachari, 2016; Chen & Zhang, 2021).

The therapeutic potentials of 4. triangularis, a highly-consumed plant with multiple
ethnopharmacological uses and belonging to the family Aristolochiaceae, have been
extensively investigated, and this species was showed to exhibit anti-inflammatory,
antimicrobial, antioxidant, cytotoxicity, DNA interaction, anti-mycobacterial, larvicidal,
antiprotozoal, antiproliferative, allelochemical, and antiviral activities (Mesa-Alicia et al.,

1950; Schvartzman et al., 1977; Muschietti et al., 1996; Mongelli et al., 1997; Ciccia et al.,
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2000; Mongelli et al., 2000; Amat et al., 2002; Oliveira et al., 2007; Pereira et al., 2018; Oliveira
et al., 2019; da Silva et al., 2019; de Souza et al., 2020; Alegransi et al., 2021).

The leaf infusion of this plant has been popularly indicated for the treatment of diabetes
in Brazil (Trojan-Rodrigues et al., 2012). However, its clinical utility is an inherently polemic
issue because many studies on Aristolochiaceae spp. have focused on the carcinogenicity,
mutagenicity, and nephrotoxicity of its representative chemical constituents, aristolochic acids
(AAs) and aristolactams (ALs) (da Silva et al., 2019). Taking that into account, WHO has
discouraged the use of Aristolochia spp. for medicinal purposes (Heinrich et al., 2009), and
phytotherapics and/or health food supplements containing aristolochic acids or simply based
on these plant species have been prohibited in several countries (Lopes et al., 2001; Nogueira
& Lopes, 2012), including Brazil (ANVISA, 2014).

Despite this reality, over the past 21 years, this simplistic view has been contradicted
and complete studies with plants from this notable ethnopharmacologically family have been
stimulated before inferring hasty conclusions about their medicinal value, inasmuch as they are
rich in other secondary metabolites besides nitrophenanthrene derivatives, predominantly
lignoids, terpenoids, alkaloids, alkamides, and flavonoids (Lopes et al., 2001; Hu et al., 2004;
Sulyman et al., 2016; Zhou et al., 2019; da Silva et al., 2019; Nogueira et al., 2021). In addition,
aristolochic acids and aristolactams are not ubiquitous in the Aristolochia genus nor in all
vegetative parts, and their concentrations are quite variable from species to species (Lopes et
al., 2001; Hu et al., 2004; MICHL et al., 2016). Added to all these issues, several evidence has
confirmed the huge medicinal potential of these plants (Lopes et al., 2001; Pereira et al., 2018;
Nogueira et al., 2021). Consequently, Aristolochia spp. have been reemerging as precious
sources of bioactive natural products (Nogueira et al., 2021).

Almost 50 fixed chemical constituents were hitherto described to occur in A.

triangularis. Nineteen nitrogen compounds, including fifteen phenanthrenic derivatives: AAs
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L II, C, and D; ALs I, All, Allla, AIA, Ia, BII, and CII; triangularine A and B; cepharadione A;
4, 5-dioxodehydroasimilobine; magnoflorine; oblongine; N,N-dimethyllindcarpine; and
allantoin. Thirteen lignoids: hinokinin; kusunokinin; a and B-cubebin; 3,4-dimethoxy-3',4'-
desmethylendioxycubebin epimers; 3,4-desmethylendioxy-3',4'-dimethoxycubebin epimers;
fargesin; epieudesmin; dihydrocubebin; zuonin B; and galbacin. Eleven kaurane diterpenoids:
ent-16p(H)-kaurane; ent-kaur-16-en; ent-16f(H)-kauran-17-oic acid; ent-kauran-16a,17-diol;
ent-150,16p-epoxykauran-17-ol; ent-kaur-15-en-17-ol; ent-16p,17-epoxykauran; (—)-kaur-16-
en-18-ol; (—)-kaur-16-en-18-al; (—)-kaur-16-en-18-acid; and (—)-kauran-16a-o0l-18-al. Four
steroids: sitosterol; stigmast-4-en-3-on; stigmastan-3,6-dion; and stigmast-4-en-3,6-dion. Only
the AL I and AAs I, II, C and D were found in leaves so far, by mean of metabolomic analyses
based on NMR and LC-MS (Riicker & Langmann, 1978; Riicker et al., 1981; Lopes et al., 1990;
Priestap et al., 1990; Leitao et al., 1991; Lin et al, 1997; Michl et al., 2016; Pereira et al., 2018;
Oliveira et al., 2019).

Despite the medicinal relevance of this species, there was no detailed study about its
possible indication to treat diabetes, nor any report of a thorough chemical analysis of the
composition of its leaves. Therefore, this study was designed to chemically characterize an
infusion of in natura leaves of A. triangularis, as well as evaluate its in vivo antihyperglycemic
properties, which were examined verifying its effect on blood glucose and hepatic and muscular

glycogen content in normoglycemic rats in OGTT.

2. Materials and methods

2.1. Plant material and identification

Healthy leaves of a specimen from A. triangularis Cham. were collected at the
Medicinal Plants Garden of the Federal University of Grande Dourados, Dourados, MS, Brazil,

during July 2017 to September 2018, and stored in a freezer at —20 °C until heat extraction steps.
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The plant species was authenticated by Dr. Joelcio Freitas, and a voucher specimen
(MBML53232) of them was deposited at the herbarium of Museum of Biology Prof. Mello
Leitdo (MBML), in the city of Santa Teresa, Espirito Santo State, Brazil. Authorization IBAMA

number 51842. Access register SisGen/MMA number A1F6637.

2.1.1. Infusion preparation and liquid-liquid extractions

In batch portions of 160 g, a total of 2.56 kg from A. triangularis in natura leaves (cut
into strips a few instants before use) were extracted (for 15 min) by infusion in pre-heated
distilled water to 95 °C, to give 25.6 L of tea. A quarter (6.4 L) of the infusion obtained was
frozen and then lyophilized (In-L-AT), to give 28.0 g of extract (E1; 4.4%), whereas the left
over (19.2 L) was subjected to liquid-liquid extraction. Each 400 mL was initially diluted with
30 mL of a saturated KCl aqueous solution, and then extracted (once) with 125 mL of
hexanes/ethyl acetate (1:3 v/v) and 100 mL of n-butanol, sucessively. Both organic phases
(altogether 6.0 and 4.8 L, respectively) were washed with distilled water (each 125 mL or 100
mL: 2 x 25 mL) and concentrated to dryness, to give the fractions F1 (1.5 g; 0.08%) and F2

(2.0 g; 0.1%), respectively.

2.2. Chemical analysis

2.2.1. General experimental procedures

1D- ('H, *C, DEPT, and NOESY) and 2D- (‘"H-'H gCOSY, gNOESY, gHSQC, and gHMBC)
NMR spectra were obtained at 500 MHz ('H) and 126 MHz (**C) in CDCl; or DMSO-ds on a
Bruker® Avance III HD spectrometer (BBFO Plus SmartProbeTM, New York, NY, USA).
Solvent residual signals (CHClz: 7.26 ppm; CD3SOCD:H: 2.50 ppm) and the solvent signals
[CDCl3: 77.16 ppm; (CD3)2SO: 39.52 ppm] were used as internal references for 'H and '*C

NMR experiments, respectively; d are reported relative to TMS.
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2.3. HPLC-MS analyses

F1 and F2 fractions were analyzed by HPLC-ESI-MS. The samples (1 mg/mL) were
analyzed using a Shim-pack XR-ODS column (Shimadzu; 2.0 x 75 mm, 2.2 um). The mobile
phase was composed of water (A) and acetonitrile (B), the former containing 0.1% of acetic
acid (v/v). The gradient elution program was: 0 to 8 min 3% B (isocratic elution), 8 to 60 min
for 3 to 80% B (linear gradient), and 60 to 70 min for 80 a 3% B (linear gradient). The flow
rate, column temperature, and injection volume were 0.3 mL/min, 40 °C, and 5 puL, respectively.
Mass spectra were acquired in negative mode in the range of m/z 50 to 1,200. The optimized
ESI parameter values were: capillary voltage, 4,500 V; dry gas temperature, 200 °C; drying gas,

9.0 L.min"'; nebulizer pressure, 4 bar.

2.3.1. Column chromatography and isolation of lignoids

A F1 portion (0.59 g) was subjected to column chromatography (CC) over silica gel
60 (70-230 mesh, 59 g, Hex-EtOAc-MeOH gradient, ® =2.9 cm, h = 19.2 cm, dead volume =
80 mL), to give 84 subfractions of 40 mL each. Subfractions 1-6 and 79-84 were eluted with
hexanes and MeOH, respectively. Subfraction 7-66 were eluted (in sets of 6 sequentially) with
Hex-EtOAc mixtures by starting with 5% EtOAc, followed by increments of 5% in 5% until
the composition 1:1. Subfractions 67-72 were eluted with EtOAc, whereas subfractions 73-78
were eluted with EtOAc-MeOH (1:1). Subfraction 29 (13.9 mg) gave a mixture (3:1,
respectively) of 25 and 28. Subfractions 38 and 39 (51.2 mg) gave an epimeric mixture 23a and
23b. Subfraction 41 gave a mixture of 24, 26, and 27. Subfractions 49-51 (70.1 mg) gave an
epimeric mixture 19a and 19b. Subfractions 52 and 53 (38.0 mg) gave 18. Subfraction 69 (11.7

mg) gave 7. Subfraction 70 (34.4 mg) gave 15.

2.5. Isolated novel substance and NMR: new lignan (7)

rel-(7S8,8S,7'S,8'R)-4,4'-Dihydroxy-3,3'-dimethoxy-7,9'-epoxylignan-7"-ol (7)
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Positive HR-ESI-MS (probe) 4,500 V, m/z: 383.1473 [M+Na]" (calcd for Cr0H240¢Na,
383.1471), 399.1208 [M+K]" (calcd for C20H2406K, 399.1210). Negative HR-ESI-MS (probe)
4,500 V, m/z: 359.1500 [M-H]" (calcd for C20H2306, 359.1495), 395.1266 [M+Cl] (calcd for
C20H2406Cl, 395.1261), 405.1546 [M+HCO:]" (caled for C21H250s, 405.1549). "H NMR (500
MHz, DMSO-dp): & 8.79/8.78 (s, 2H, OH-4,4"), 6.88 (br s, 1H, H-2"), 6.78 (d, W12 = 1.8 Hz,
1H, H-2), 6.70 (d, W12 = 8.1 Hz, 1H, H-5), 6.68 (br s, 2H, H-5',6"), 6.64 (dd, W12 =8.1 and 1.8
Hz, 1H, H-6), 5.04 (d, /= 4.6 Hz, 1H, OH-7"),4.51 (d,J=3.3 Hz, 1H, H-7),4.36 (dd, J=10.2
and 4.6 Hz, 1H, H-7"), 3.74 (s, 6H,), 3.40 (dd, W12 =10.0 and 8.6 Hz, 1H, H.-9"), 3.35 (dd, W1
=8.6 and 7.7 Hz, 1H, Hp-9"), 2.45 (app ddt, J=10.2, 10.0, and 7.7 Hz, 1H, H-8'), 2.26 (dqd, J
=7.7,7.2,and 3.3 Hz, 1H, H-8), 1.20 (d, J= 7.2 Hz, 3H, CH3-9). *C NMR (126 MHz, DMSO-
ds): 6 147.3 (C-3,3"), 145.5 (C-4"), 145.4 (C-4), 136.6 (C-1"), 134.7 (C-1), 118.4 (C-6"), 117.6
(C-6), 115.0 (C-5,5"), 110.2 (C-2"), 109.5 (C-2), 87.7 (C-7), 71.0 (C-7"), 68.8 (C-9"), 2x55.6
(OCHs-3,3"), 48.6 (C-8"), 43.0 (C-8), 13.8 (C-9). '"H NMR (500 MHz, CDCI3): § 6.87 (d, 1.8
Hz, 1H, H-2"), 6.87 (d, 8.0 Hz, 1H, H-5 or H-5"), 6.86 (d, 8.2 Hz, 1H, H-5 or H-5"), 6.82 (d, 1.8
Hz, 1H, H-2), 6.79 (dd, 8.1 and 1.8 Hz, 2H, H-6,6"), 5.65 (br s, 1H, OH-4"), 5.57 (br s, 1H, OH-
4),4.63 (d, J=3.9 Hz, 1H, H-7), 4.59 (d, /= 10.2 Hz, 1H, H-7"), 3.89 (s, 3H, OCH3-3"), 3.88
(s, 3H, OCHs-3), 3.58 (dd, 8.7 and 8.0 Hz, 1H, Hy-9'), 3.46 (app t, 9.3 Hz, 1H, Hp-9"), 2.67
(dddd, J=10.2, 9.9, 8.0 and 7.3 Hz, 1H, H-8'"), 2.49 (dqd, J = 7.3, 7.2, and 3.9 Hz, 1H, H-8),
1.31 (d, J = 7.2 Hz, 3H, CH3-9). 3C NMR (126 MHz, CDCl3): § 146.8 (C-3"), 146.4 (C-3),
145.6 (C-4"), 144.7 (C-4), 135.7 (C-1"), 135.1 (C-1), 119.2 (C-6"), 118.3 (C-6), 114.3 (C-5"),
114.0 (C-5), 108.5 (C-2"), 108.0 (C-2), 88.6 (C-7), 73.2 (C-7"), 69.5 (C-9'"), 2x55.9 (OCHs-3,3"),

48.7 (C-8'), 43.1 (C-8), 14.0 (C-9).
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2.4. In vivo experiments
2.4.1. Chemical agents for experimental model

Glibenclamide from Sigma® (St Louis, USA) was used for the positive control, it was
diluted in 5% DMSO and 5% Tween, the final volume of the stock solution was obtained after
adding ultrapure water type I (Milli-Q®). Drug administration was performed at the

concentration of (100mg/kg. b.w.) by gavage.

2.4.2. Animals

Twenty-five male Wistar rats were used in this screening and were obtained from the
Central Animal Facility of the Universidade Federal da Grande Dourados - UFGD, with a mean
age of 50-55 days old and mean weight of 180-200 grams. The animals were kept in
polypropylene cages, under controlled conditions, climatized room and light-dark cycle (lights
off from 6:00 pm to 6:00 am), balanced feeding with commercial feed, water ad libitum as
recommended by the Brazilian Council of Veterinary Medicine (CMV) and the Brazilian
College of Animal Experimentation (COBEA). Afterwards they were monitored and following
the Oral Glucose Tolerance Test (OGTT) protocol, before the last treatment, they were fasted
without food for 12 hours, but free access to water was maintained. This research was submitted
to the Ethics Committee on Animal Use of the UFGD (CEUA/UFGD) and obtained a favorable

decision (Protocol 13/2019).

2.4.3. Bioassay of antihyperglycemic activity Oral Glucose Tolerance Test (OGTT)
Normoglycemic rats were randomized into five experimental groups with n = 5. These

were: 1) GI, hyperglycemic control (1 mL of saline orally); 2) GII, positive control group

(glibenclamide 100mg/kg orally); 3) GIII, group treated with Inf-L-At (62.5 mg/kg orally); 4)

GIV, group treated with Inf-L-At (125 mg/kg orally); 5) GV, group treated with Inf-L-At (250
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mg/kg orally). The plasma glucose levels of the animals were checked at the first time (time
zero) to determine fasting blood glucose. Afterwards, the control groups were treated, then the
groups GIII; GIV, and GV received Inf-L-At at doses 62.5, 125, and 250 mg/kg, respectively.
After 30 minutes, all animals received glucose overload (4g/kg.bw) Sigma-Aldrich (St. Louis,
MO, USA), orally (gavage) (Pedroso et al., 2019). It was possible to obtain the dose-response
curve subsequent to the evaluation of glucose levels, verified at the times: 15, 30, 60 and 180
minutes after the beginning of the test. The values were obtained using an Accu-Chek
Performa® glucometer. After recording the glucose levels, the animals were anesthetized using
an isofluorane inhalation agent, and submitted to euthanasia. For the other tests, the initial part
of the small intestine was reserved for evaluation of the disaccharidase activity, in addition the
liver and soleus muscle was dissected for determination of glycogen levels in the tissues (Felix

et al., 2020).

2.8.2. Measurement of liver and muscle glycogen content after exposure to Inf-L-At

After 180 minutes, the OGTT protocol was completed, and the rats treated with
glibenclamide or with one of the Inf-L-At doses, in hyperglycemic post-exposure conditions,
were euthanized, and laparotomy was performed to extract the liver and soleus muscles, used
for the dosage of residual glycogen. Both organs were weighed, and based on the obtained
values, for each one the volumes of KOH and EtOH reagents were calculated. After this step,
the tissues were triturated and homogenized in 33% KOH solution and exposed to a water bath
at 100° C for 20 minutes, with agitation of each tube by slight movements. After cooling the
samples, aliquots of 96% EtOH were added and again heated to 100° C until boiling, followed
by cooling to an ice bath to optimize the precipitation of glycogen. The tissue homogenate from
each sample was submitted to centrifugation at 300 rpm for 15 min, the supernatant was

discarded, and the precipitate was neutralized with saturated NH4Cl solution, and kept at 100°
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C for 5 min. After this period, the samples were washed with ultrapure type I water (Milli-Q®),
and resolubilized. The liver and muscle glycogen contents coming from the different treatments
were defined using the calibration curve based on the glycogen standard substance, the analyses
occurred after the addition of 2 mL of iodine reagent in 180uL of the soleus-muscle homogenate
and in 500uL of the liver homogenate. All the measurements were taken at absorbance of 430

nm. The results were expressed as mg glycogen / g tissue (Kappel et al, 2012).

2.8.3. Determination of intestinal disaccharidases activity in vitro

To evaluate the activity of intestinal disaccharidases, a glucose oxidase kit (GOD) was
used and the manufacturer's recommendations were followed. After laparotomy, the small
intestine was collected and the jejunum segment was extracted from it. The portion of the
duodenum was washed in 0.9% NaCl solution, dried on filter paper, weighed, and at a ratio of
400 mg of tissue per mL, the tissue was minced. Next, the homogenate was centrifuged at
10,000 rpm for 8 min (Pedroso et al., 2019) For determination of the activity of each enzyme,
150 pL of the supernatant, from each sample was pre-incubated at 37 °C for 5 min, prior to
mixing with each substrate, and the total volume was fractionated into three 50 pL parts, and
25uL of one of the substrates (maltose, sucrose, and lactose) in phosphate buffer was added.
After incubation at 37 °C for 5 min, 20uL aliquot was reserved, then 2 mL of GOD was added,
in this last step, the analysis occurred in triplicate (Kappel et al, 2012). The specific activity
was defined as the enzyme activity (U) per mg of protein (value equivalent to the amount of
enzyme catalyzing a reaction with a formation speed of 1 micromol/minute) (Dahlqvist, 1984).
In this assay, protein concentration was determined using 20 pL of the supernatant prepared
earlier, and reserved for analysis by the biuret method, in duplicate and compared to the

respective controls (Kappel et al, 2012) with adaptations (Felix et al., 2020).
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2.9. Statistical analysis

The data are expressed as mean =+ standard error of the mean (SEM). The statistical
evaluation was performed by analysis of variance (ANOVA) followed by Tukey's post-hoc test
using the value of p <0.05 to consider significant differences between the treated and control
groups. GraphPad Prism software were used (version 7.0; Graph-Pad Software Inc., San Diego,

CA, USA).

3. Results

3.1. Identification of the constituents from Inf-L-At by HPLC-MS analyses

HPLC-ESI-MS/MS and Column chromatography analyses revealed a total of 73
substances, of which 12 were isolated, including a new lignan, rel-(7S,8S,7'S, 8'R)-4,4'-
Dihydroxy-3,3'-dimethoxy-7,9"-epoxylignan-7'-ol (7), that due to the fact that it is novel, the
NMR data of this substance are included in materials and methods. The other substances, threo-
2-(4',5'-Methylenedioxybenzyl)-3-(4",5"-dimethoxybenzyl)-butan-1,4-diol (15),
Dihydrocubebin (18), 3,4-dimethoxy-3,4-desmethylendioxycubebin (19) (Major epimer [rel-
(8R,8'R,9R)] (19a) e Minor epimer [rel-(8R,8'R,95)] (19b)), trans-Cubebin (23) (Major epimer
[rel-(8R,8'R,9R)] (23a) e Minor epimer [rel-(8R,8'R,95)] (23b)), Kusunokinin (24), Hinokinin
(25), Aristolignin (26), Nectandrin A (27), Talaumidin (28) were isolated, and have been
described previously on 4. triangularis, so NMR data of these substances are available in the
supplemental materials. Among the novel substances, seven other new substances were
identified in A. triangularis and annotated according to (Fig. 1-4), among them a lignan 4'-
Hydroxy-3'-methoxy-3,4-methylenedioxy-7,9'-epoxylignan-9,7'-diol (8), cinco alcaloides: 1-
(4-Hydroxyphenyl)-6,7-dihydroxy-3,4-dihydroisoquinoline-hexose-pentose ~ (40);  1-(3,4-
Dihydroxyphenyl)-6,7-dihydroxy-3,4-dihydroisoquinoline (41), 1-(4-Hydroxyphenyl)-6,7-

dihydroxy-3,4-dihydroisoquinolineHydroxytyrosol (42), N-Ethyl-N-methyl-affineine (57) e N-
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Methylpachyconfine (58), in addition to a new lignan erythro-2-(5'-Hydroxy-4'-
methoxybenzyl)-3-(4",5"-dimethoxybenzyl)-butan-1,4-diol (9) described for the first time in
natural products. By the methods used, in addition to the constituents mentioned above, 56 other
constituents, already described in the species, were identified, and recorded in the analysis

(Tables 1 and 2).

3.1. Oral Glucose Tolerance Test (OGTT)

The effect of Inf-L-At on serum glucose levels (mg/dL) in hyperglycemic rats is
described in Table 3. The control group, after exposure to glucose overload (4 g/kg), recorded
glucose peaks at 15 and 30 minutes after treatment, with attenuation of the peak at 60 minutes
and significant decrease at 180 minutes. Glibenclamide administration (100 mg/kg) provided
lower glucose peaks than the results observed in the control group, and the differences were
statistically significant (p<0.05). In this group, exposed to the oral hypoglycemic agent,
antihyperglycemic effects were shown at 15, 30 and 60 minutes after exposure to glucose, as
expected. Treatment with Inf-L-At at doses of 62.5, 125 and 250 mg/kg significantly decreased
the glycemic peaks after exposure to glucose overload at 15, 30, 60 and 180 minutes in the
OGTT, with the exception of Inf-L-At at a dose of 125 mg/kg, whose antihyperglycemic effect
was significantly reduced (p<0.05) compared to the other doses and to glibenclamide. In
addition, only 180 minutes after treatment, it showed no statistical difference compared to the
control group. These results show that there was no dose-response effect correlation between
the respective administered doses. In comparison to the Area under the curve (AUC), all groups

exposed to Inf-L-At were similar to the drug (glibenclamide).
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3.2. Hepatic and muscle glycogen content in normoglycemic rats after OGTT

The effects of Inf-L-At on glycogen storage capacity in liver and muscle cells were
evaluated after OGTT. Animals exposed to three different doses of Inf-L-At showed a
significant increase in muscle glycogen content when compared to the control group, from
which they differed significantly (p < 0.05) (Fig.5 A). However, they showed similar effects
compared to the glibenclamide-treated group, i.e., in this case, Inf-L-At administered at a dose
of 62.5 mg/kg was more effective than the other doses. In the liver of animals exposed to the
infusion, significant increases in stored glycogen were observed, with statistically significant
differences compared to the control group (p < 0.05) (Fig.5.B). However, there was no
relationship between effect and dose - response, since Inf-L-At at doses of 62.5 and 250 mg/kg
exhibited more significant effects in increasing glycogen in liver and muscle cells compared to

the intermediate dose.

3.3. Effect of Inf-L-At on the activity of disaccharidases after OGTT

Inf-L-At was evaluated regarding the potential effects on the activity of intestinal
disaccharidases, maltase, lactase and sucrase, and the results show that after exposure to the
different doses of the infusion, there was a significant reduction in the activity of intestinal
enzymes maltase and sucrase (p<0.05) compared to the control group (Fig.6). On the other
hand, only Inf-L-At at doses 62.5 and 250 mg/Kg exhibited inhibitory effects on lactase activity,
moreover, in this analysis the dose of 125 mg/kg showed similar effect to the control group.
The data show that there is no dose-response relationship of the doses used with the inhibitory

effects on the activities of disaccharidases.

4. Discussion

A. triangularis has broad ethnopharmacological relevance and its bioactive potentials

are described in several researches, nevertheless, scientific studies on the effects of the leaf tea
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of this species are still scarce (Silva et al., 2019). In folk medicine, the leaves are the most
commonly used parts to treat diabetes, whereby tea is obtained by infusing 5 to 50 g of healthy
leaves (Trojan-Rodrigues et al., 2012).

Among the therapeutic purposes attributed to the species the most common are for the
treatment of rheumatism, skin diseases and snake bites, in addition to its antifungal activity and
antihyperglycemic and antidiabetes therapies (Heinrich et al., 2009; Trojan-Rodrigues et al.,
2012; Silvia et al., 2018). In this study, the results observed by OGTT, in association with the
analysis of liver and muscle glycogen content, and the activity of the disaccharities maltase,
lactase and sucrase, allowed assertive correlations in front of the popular use of this species.
Subsequently, the chemical constitution of 4. triangularis leaves, described in the respective
study, is comprised of 75 substances identified by HPLC-ESI-MS/MS and column
chromatography analyses. Of these, eight constituents are novel, among them: three new
lignans (7), (8) and (9), the latter lignan being described for the first time in natural products,
and five new alkaloids (40), (41), (42), (57), (58), with promising biological activities.

There are few studies on the potential antihyperglycemic effect empirically attributed
to A. triangularis, however, other species of this genus have been evaluated, such as 4. indica,
which has demonstrated antihyperglycemic effect in rats, corroborating its
ethnopharmacological relevance, since this species is widely used by the Nigerian population
in traditional medicine (Karan et al., 2012). Research developed in rats with streptozotocin
(STZ)-induced diabetes, evaluated the effects of the ethanolic extract of A. ringens root, after
exposure to concentrations of 75mg/kg, 150mg/kg, and 300mg/kg for 14 days, and revealed
hypoglycemic effects, at the doses used, similar to the effects exhibited by metformin. There
was a reduction in glucose concentrations to levels of glycemic normality, especially in animals

treated with the 300 mg/kg dose (Sulyman et al., 2019).
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Hyperglycemia is a consequence of the absence or decreased secretion and action of
insulin and is characteristic of type 2 diabetes mellitus (DM2), which in the long term can lead
to neuropathy, nephropathy, retinopathy, heart disease, and neurovascular disease (ADA, 2011;
IDF, 2017). In animal models, among the substances used for diabetes induction, alloxan and
streptozotocin are the most usual. Many of them act by cytotoxic mechanisms and are selective
for destruction of pancreatic -cells and, in addition, stimulate pancreatic insulin insufficiency
(Varshney et al., 2017). Among the main oral hypoglycemic drugs, the most prominent is
glibenclamide, a second-generation sulfonylurea used in the treatment of diabetes (Kappel,
2012). Like the other sulfonylureas, this antihyperglycemic acts by blocking KATP channels,
with depolarization of the B-cell membrane. Some of its main mechanisms of action include
that, when binding to SUR subunits, it triggers a stimulatory effect with insulin secretion and
hypoglycemic effect (Ashcroft et al., 2000).

The results obtained by OGTT, in this study, demonstrate that animals exposed to Inf-
L-At in the evaluated doses (62.5, 125, and 250 mg/kg) showed significant reduction in glucose
peaks immediately after glucose overload. Among these groups, the ones treated with the doses
of 62.5 and 125 mg/kg stand out, showing significant effects maintained for up to 180 min after
the beginning of the test, similarly to glibenclamide.

Not only is this research the first to evidence antihyperglycemic effects in male Wistar
rats after exposure to tea from this species, it is also the first to characterize the robust chemical
constitution of A. triangularis leaves, with probable biological potentials for
antihyperglycemia. Sulyman et al. (2019) characterized the chemistry of 4. rigens, similarly to
this study, with rich amounts of flavonoids (23.03%), phenolic compounds (19.15%), and
alkaloids (16.13%). In other studies, the chemical constitution of A. triangularis has been

described by the presence of aporphins, protoberberins, isoquinolines, benzylisoquinolines,
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starches, glycosylated flavonoids, lignans, thretalones, diphenyl ethers, terpenoids, benzenoids,
steroids, and others (Kuo et al., 2012).

Similarly, the results of the chemical analysis of Inf-L-At showed a rich chemical
constitution in lignans and glycosylated flavonoids, which is in accordance with other chemical
studies of the genus Aristolochia: in this genus, there are inexhaustible sources of flavonoids,
particularly diglycosides, phenolic compounds such as phenylethyl, phenanthrene derivatives,
phenylpropanoids, lignoids, alkamides and alkaloids. Furthermore, by the chemical analysis of
this research, eight novel substances were identified and will provide a better understanding of
the species and its pharmacological properties.

Commonly, natural products are traditionally rich in flavonoids, whose class of
secondary metabolites are biologically active and have antiviral, antiallergic, antibacterial, anti-
inflammatory functions, and potential antioxidant effects (Kappel et al., 2013; Boas et al.,
2018). In vitro and in vivo studies demonstrate that these constituents are able to prevent
diabetes and its complications by having underlying molecular mechanisms, acting on glucose
transporters, being inhibitors of tyrosine kinase and enzymes involved in liver and muscle
glycogen storage, as well as acting under AMPK, PPAR, and NF-kB, and also influencing the
regulation of the lipid profile (Al-Ishaq et al., 2019).

Disaccharidases (maltase, lactase, and sucrase) are intestinal enzymes with an essential
function in converting disaccharides into monosaccharides through hydrolysis, increasing
glucose absorption in the intestine and serum glucose levels. Generally, in diabetic and/or
hyperglycemic individuals, this activity is increased (Nelson et al., 2014). Many hypoglycemic
agents, especially when rich in glycosylated flavonoids, provide a decrease in glucose
absorption and, with inhibition of a-glucosidase and a-amylase, a decrease in intestinal

absorption of glucose, oligosaccharides, and disaccharides (Hsu et al., 2009).
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A. triangularis leaf infusion was shown to be effective in inhibiting the activity of
intestinal enzymes maltase, lactase, and sucrase, and although there is no dose-response
correlation, the effects are probably justified by the large amount of kaempferol-hexose-
pentose-ramnose and quercetin identified in 4. triangularis. On the other hand, in several in
vivo studies, not all flavonoids were active in reducing the glycemic peak in induced
hyperglycemia, probably because they form complexes that are eliminated prior to absorption.
Contrarily, Cazarolli et al. 2006 reported that the glycosylated flavonoids Kempferol-3-
neohesperidoside is promising oral hypoglycemic.

Since glucose has hydrophilic nature, it does not diffuse easily across the plasma
membrane. For this, two types of glucose transporters are required, the facilitators (GLUT) and
the active ones, linked to sodium ions (of which there are two main types - SGLT1 and SGLT2).
The action of most therapeutic products with hypoglycemic effects occurs by controlling
intestinal or renal absorption with the inhibition of SGLT1 and SGLT2 (Navale et al., 2016). In
this sense, the evaluation of the effects of the infusion on the activity of intestinal enzymes
makes it possible to establish correlation with the probable pathways of reduction of serum
glucose levels.

In the evaluation regarding the hepatic and muscle glycogen content, it is observed
that there was an inversely proportional relationship compared to the OGTT results. In this
example, animals exposed to Inf-L-At at the different doses presented, simultaneously, a
reduction in the glycemic peaks and an increase in the content of liver and muscle glycogen.
Skeletal muscle tissue is responsible on average for 80% of post prandial glucose uptake. After
entering the muscle cell, glucose is directed to two pathways, glycolysis and glycogen synthesis,
the latter being considered the main pathway (Alkhalidy et al., 2018). The mechanism of action

of some plants and antihyperglycemic drugs is related to the increase in insulin secretagogues
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and/or the acquisition of resistance to the hormone, favoring glucose uptake by tissues and
consequently leading to greater glycogen synthesis (Felix et al., 2020).

Al-Ishaq et al.,, 2019, report that several studies have pointed out effective
antihyperglycemic mechanisms of action present in flavonoids, not only in regulating intestinal
enzymes, but also in increasing glucose uptake, in muscle and liver tissues. In other studies,
quercetin is attributed to decreasing serum glucose levels and activating protein kinase (AMPK)
with a mechanism similar to metformin, with stimuli for glucose uptake in muscle and liver
cells through glycogenesis (Bule et al., 2019).

In the results after HPLC analysis, different types of Kaempferol were found, and to
these flavonoids several antidiabetic effects are described, such as: enhancing AMPK
expression and activation; ameliorating cell apoptosis events by suppressing caspase 3
activities; and increasing insulin production and secretion. Subsequently, this constituent
increases glucose uptake by liver and muscle cells via the protein kinase C and PI3K pathways,
and the synthesis of new glucose transporters. Thus, there is a reduction in serum HbAlc levels,
fasting blood glucose, and decreased insulin resistance (Coskun et al., 2005; Eid et al., 2010;
Bule et al., 2019). In sum, the results of this study clarify that 4. triangularis shows similar
antihyperglycemic effects to glibenclamide administered at 100 mg/kg. Furthermore, in view
of the broad chemical constitution in the leaves of this species, caution is essential in
interpreting the possible mechanisms of interactions and substances directly in the

antihyperglycemic effects attributed to Inf-L-At.

5. Conclusion
In conclusion, the results of this research indicate that A. triangularis has
antihyperglycemic potential, the three doses used exhibited similar effects to glibenclamide, by

OGTT, and also contributed significantly to increased glycogenesis in muscle and liver tissue.



202

Furthermore, Inf-L-At reduced maltase, lactase and sucrase activity compared to the control
group, with decreased glucose uptake, and respectively attenuating serum glucose levels. In
short, these results corroborate the use of this species in folk medicine, and highlight its
beneficial biological potential for therapeutic purposes in the prevention or treatment of
diabetes, although further studies should be conducted with fractions enriched with key

chemical constituents described so far.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found in the online version. It includes
the NMR data of the isolated substances, and a table description of the 61 other substances
noted, but not isolated, among them the unpublished substances present in Aristolochia

triangularis.

1. Substances described above and isolated in this study of A. triangularis and NMR

threo-2-(4',5'-Methylenedioxybenzyl)-3-(4",5"-dimethoxybenzyl)-butan-1,4-diol (15)

Positive HR-ESI-MS (probe) 4,500 V, m/z: 397.1629 [M+Na]" (calc for C»1H26O¢Na,
397.1627), 413.1367 [M+K]" (calc for C21H2606K, 413.1366). '"H NMR (500 MHz, DMSO-
ds): 0 6.80 (d, J=8.1 Hz, 1H, H-6"), 6.76 (d, /= 7.9 Hz, 1H, H-6'), 6.65 (d, /= 1.9 Hz, 1H, H-
3"), 6.64 (d, J = 1.5 Hz, 1H, H-3"), 6.62 (dd, /= 8.1 and 1.9 Hz, 1H, H-7"), 6.57 (dd, J=7.9
and 1.5 Hz, 1H, H-7"), 2x5.94 (d, W12 = 1.0 Hz, 2H, -OCH»0-), [2x-CH,OH: 4.55 (t, J = 4.6
Hz, 1H) and 4.54 (t, /= 4.8 Hz, 1H)], 3.70 (s, 3H, OCHz-5"), 3.67 (s, 3H, OCH3-4"), 3.29-3.43
(comp, 4H, H-14,1v,44,40), [H-1'a,1',1"3,1": 2.56 (dd, J = 13.7 and 6.6 Hz, 2H), 2.50 (comp,
1H), and 2.48 (comp, 1H)], [H-2,3: (m, 1.84, 1H) and (m, 1.80, 1H)]. *C NMR (126 MHz,
DMSO-dp): 6 148.5 (C-4"), 147.0 and 146.8 (C-4',5"), 145.0 (C-5"), 135.3 (C-2"), 133.9 (C-2"),
121.7 (C-7"), 120.9 (C-7"), 112.6 (C-3"), 111.7 (C-6"), 109.2 (C-3"), 107.8 (C-6"), 100.5 (-
OCH;0-), 60.3 and 60.1 (C-1,4), 55.5 (OCH3-5"), 55.3 (OCH3-4"), 42.7 and 42.4 (C-2,3), 34.0
and 33.9 (C-1',1"). 'TH NMR (300 MHz, CDCls): 6 6.77 (d, J = 8.1 Hz, 1H, H-5"), 6.70 (d, J =

7.8 Hz, 1H, H-5), 6.68 (dd, /= 8.1 and 1.9 Hz, 1H, H-6"), 6.65 (d, J= 1.9 Hz, 1H, H-2'), 6.62
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(d,J= 1.6 Hz, 1H, H-2), 6.59 (dd, J= 7.8 and 1.6 Hz, 1H, H-6), 5.91 (br s, 2H, -OCH,0-), [H-
Lo, Lb,4a,4: 3.92-3.80 (m, 2H) and 3.79 (app dt, Wi = 11.2 and 1.9 Hz, 2H)], 3.85 and 3.83
(6H, 2xOCHs), [2x-CH,0H: 3.53 (dd, J = 4.2 and 2.8 Hz, 1H) and 3.49 (dd, J = 4.3 and 2.7
Hz, 1H)], [H-1'a,1',1",1": 2.77 (dd, J = 13.9 and 8.2 Hz, 1H), 2.75 (dd, J = 14.1 and 8.0 Hz,
1H), 2.65 (comp, 1H), and 2.62 (comp, 1H)], 1.80-1.92 (m, 2H, H-2,3). 13C NMR (75 MHz,
CDCls): § 148.8 (C-4"), 147.5 (C-4'), 147.2 (C-5"), 145.7 (C-5"), 134.3 (C-2'), 133.0 (C-2"),
121.8 (C-7", 120.9 (C-7"), 112.0 (C-3"), 111.0 (C-6"), 109.3 (C-3'), 108.0 (C-6'), 100.8 (-
OCH,0-), 60.4 and 60.3 (C-1,4), 55.9 and 55.8 (OCH;3-4",5"), 44.0 and 43.9 (C-2,3), 35.9 and

35.7 (C-1',1").

Dihydrocubebin (18)

Positive HR-ESI-MS (probe) 4,500 V, m/z: 359.1490 [M+H]" (calc for C20H2306, 359.1495),
381.1311 [M+Na]" (calc for C20H2206Na, 381.1314). "H NMR (500 MHz, CDCl5): § 6.71 (d, J
= 7.8 Hz, 2H, H-5,5"), 6.64 (d, J = 1.5 Hz, 2H, H-2,2"), 6.60 (dd, J = 7.8 and 1.5 Hz, 2H, H-
6,6"), 5.92 (br s, 4H, 2x-OCH,0-), 3.79 (dd, J = 11.4 and 1.9 Hz, 2H, H-9,,9',), 3.52 (dd, J =
11.4 and 4.5 Hz, 2H, H-95,9'), 2.75 (dd, J = 13.7 and 8.6 Hz, 2H, H-7,,7%), 2.62 (dd, J = 13.7
and 5.9 Hz, 2H, H-7s,7"), 1.84 (dddd, J= 8.6, 5.9, 4.5, and 1.9 Hz, 2H, H-8,8"). '*C NMR (126
MHz, CDCls): § 147.8 (C-3,3"), 145.9 (C-4,4"), 134.5 (C-1,1"), 122.0 (C-6,6"), 109.5 (C-2,2"),

108.3 (C-5,5"), 101.0 (2x-OCH,0-), 60.6 (C-9,9"), 44.4 (C-8,8"), 36.1 (C-7,7).

3,4-dimethoxy-3,4-desmethylendioxycubebin (19)
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Positive HR-ESI-MS (probe) 4,500 V, m/z: 395.1470 [M+Na]" (calc for C21H240¢Na,

395.1471). Molar ratio between 19a:19b in CDCls: 1.00:0.74.

Major epimer [rel-(8R,8'R,9R)] (19a): 'H NMR (500 MHz, CDCl3): § 6.75 (d, J= 8.1 Hz, 1H,
H-5"), 6.69 (d, J=8.2 Hz, 1H, H-5), 6.62 (dd, J= 8.1 and 2.0 Hz, 1H, H-6"), 6.55 (d, W12 =1.7
Hz, 1H, H-2), 6.55 (dd, W12 = 8.2 and 1.7 Hz, 1H, H-6), 6.53 (d, J = 2.0 Hz, 1H, H-2"), 5.91-
5.93 (comp, 2H, -OCH»0-), 5.23 (br's, 1H, H-9), 4.00 (dd, J= 8.6 and 7.2 Hz, 1H, H-9",), 3.85
(s, 3H, OCH3-4"), 3.82 (s, 3H, OCH3-3"), 3.81 (dd, J = 8.6 and 8.0 Hz, 1H, H-9"), 2.66 (m, 1H,
H-7"), 2.65 (m, 1H, H-7a), 2.60 (m, 1H, H-7"), 2.44 (m, 1H, H-7v), 2.17 (m, 1H, H-8'), 2.16
(m, 1H, H-8). '*C NMR (126 MHz, CDCls3): § 148.8 (C-3"), 147.5 (C-3), 147.4 (C-4"), 145.9
(C-4),133.3 (C-1), 132.9 (C-1"), 121.7 (C-6), 120.5 (C-6"), 111.7 (C-2"), 111.2 (C-5"), 109.1 (C-
2), 108.0 (C-5), 103.4 (C-9), 100.9 (-OCH20-), 72.3 (C-9"), 55.9 (OCH3-4"), 55.7 (OCH3-3"),

53.2 (C-8), 45.9 (C-8'), 39.1 (C-7), 38.4 (C-7).

Minor epimer [rel-(8R,8'R,95)] (19b): 'H NMR (500 MHz, CDCls): § 6.78 (d, J= 8.1 Hz, 1H,
H-5"), 6.74 (d, J=1.6 Hz, 1H, H-2), 6.72 (d, J=7.9 Hz, 1H, H-5), 6.68 (dd, /= 7.9 and 1.6 Hz,
1H, H-6), 6.68 (dd, /= 8.1 and 2.0 Hz, H-6"), 6.64 (d, /= 2.0 Hz, 1H, H-2"), 5.91-5.93 (comp,
2H, -OCH>0-), 5.24 (br's, 1H, H-9),4.10 (app t, /= 8.1 Hz, 1H, H-9'a), 3.87 and 3.86 (s, 2x3H,
OCHz3-3' and OCH3-4"), 3.59 (dd, J=8.5 and 7.3 Hz, 1H, H-9'b), 2.80 (m, 1H, H-7"), 2.78 (dd,
J=13.7 and 10.1 Hz, 1H, H-7,), 2.61 (dd, J=13.7 and 5.9 Hz, 1H, H-7y), 2.47 (m, 1H, H-8'),
2.46 (m, 1H, H-7"), 2.02 (m, 1H, H-8). 1*C NMR (126 MHz, CDCl;): § 148.9 (C-3"), 147.7 (C-
4", 147.5 (C-3), 145.7 (C-4), 134.5 (C-1), 132.7 (C-1"), 121.6 (C-6), 120.5 (C-6"), 111.8 (C-2"),
111.2 (C-5"), 109.3 (C-2), 108.1 (C-5), 100.8 (-OCH20-), 98.9 (C-9), 72.7 (C-9'), 55.9 and 55.8

(OCH;3-3' and OCH3-4"), 52.1 (C-8), 42.9 (C-8"), 38.8 (C-7"), 33.6 (C-7).
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trans-Cubebin (23)

Positive HR-ESI-MS (probe) 4,500 V, m/z: 379.1158 [M+Na]" (calc for Cz0H200¢Na,
379.1158). Molar ratio between 23a:23b in CDCls: 1.00:0.64.

Major epimer [rel-(8R,8'R,9R)] (23a): 'H NMR (500 MHz, CDCl3): § 6.72 (d, J = 8.2 Hz, 1H,
H-5"), 6.70 (d, J = 7.8 Hz, 1H, H-5), 6.57 (d, W12.= 1.6 Hz, 1H, H-2), 6.55 (dd, W12= 7.8 and
1.6 Hz, 1H, H-6), 6.51 (d, W1»,= 1.7 Hz, 1H, H-2"), 6.51 (dd, W1,= 8.2 and 1.7 Hz, 1H, H-6"),
5.91-5.93 (comp, 4H, 2x-OCH»0-), 5.22 (br s, 1H, H-9), 4.00 (dd, /= 8.6 and 7.1 Hz, 1H, H-
9'%),3.79 (dd, J=8.6 and 7.9 Hz, 1H, H-9'), 2.65 (dd, /= 13.9 and 7.6 Hz, 1H, H-7,), 2.61 (m,
1H, H-7'), 2.58 (m, 1H, H-7"), 2.43 (comp, 1H, H-7p), 2.15 (m, 1H, H-8'), 2.14 (m, 1H, H-8).
3C NMR (126 MHz, CDCl3): § 2x147.6 (C-3,3"), 145.9 (C-4), 145.8 (C-4"), 134.1 (C-1"), 133.3
(C-1), 121.7 (C-6), 121.4 (C-6"), 109.2 (C-2), 108.9 (C-2"), 2x108.1 (C-5,5"), 103.4 (C-9),

2x100.8 (2x-OCH,0-), 72.3 (C-9"), 53.1 (C-8), 45.9 (C-8"), 39.2 (C-7'), 38.4 (C-7).

Minor epimer [rel-(8R,8'R,95)] (23b): 'H NMR (500 MHz, CDCls): § 6.73 (d, J= 1.4 Hz, 1H,
H-2), 6.72 (d, W12=7.9 Hz, 1H, H-5), 6.69 (dd, W12= 8.0 and 1.4 Hz, 1H, H-6), 6.68 (d, W1,
=7.9 Hz, 1H, H-5'), 6.62 (d, J= 1.6 Hz, 1H, H-2'), 6.59 (dd, W1, = 7.9 and 1.6 Hz, 1H, H-6"),
5.91-5.93 (comp, 4H, 2x-OCH>0-), 5.23 (br s, 1H, H-9), 4.10 (app t, J/ = 8.2 Hz, 1H, H-9',),
3.57 (dd, J= 8.5 and 7.3 Hz, 1H, H-9'), 2.76 (dd, /= 13.8 and 9.9 Hz, 1H, H-7.), 2.75 (comp,
1H, H-7'3), 2.59 (comp, 1H, H-7p), 2.59 (comp, 1H, H-7"y), 2.44 (comp, 1H, H-8'"), 2.00 (m, 1H,
H-8). *C NMR (126 MHz, CDCls): § 147.7 (C-3"), 147.6 (C-3), 146.0 (C-4"), 145.7 (C-4), 134.5
and 133.9 (C-1,1"), 121.6 (C-6), 121.4 (C-6"), 109.3 (C-2), 108.9 (C-2"), 2x108.2 (C-5,5"),

2x100.8 (2x-OCH,0-), 98.9 (C-9), 72.6 (C-9'), 52.1 (C-8), 42.9 (C-8"), 38.9 (C-7'), 33.6 (C-7).

Kusunokinin (24)
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Positive HR-ESI-MS (probe) 4,500 V, m/z: 371.1505 [M+H]" (calc for C21H2306, 371.1495),
388.1759 [M+NH4]" (calc for C21H26NO, 388.1760), 393.1315 [M+Na]" (calc for C21H206Na,
393.1314), 409.1049 [M+K]" (calc for C21H2206K, 409.1053). "H NMR (500 MHz, CDCl3): &
6.76 (d, J=8.1 Hz, 1H, H-5"), 6.71 (d, J = 7.8 Hz, 1H, H-5), 6.60 (d, W1.= 1.6 Hz, 1H, H-2),
6.59 (dd, Wi2="7.8 and 1.6 Hz, 1H, H-6), 6.57 (dd, J= 8.1 and 2.0 Hz, 1H, H-6'), 6.48 (d, J =
2.0 Hz, 1H, H-2"), 5.94 (d, W12= 1.5 Hz, 1H, -OCH>0-), 5.93 (d, W12,= 1.5 Hz, 1H, -OCH>0O-
), 4.15(dd, J=9.1 and 7.1 Hz, 1H, H-9"), 3.88 (dd, /= 9.1 and 7.5 Hz, 1H, H-9%), 3.86 (s, 3H,
OCHz3-4"), 3.83 (s, 3H, OCH3-3"), 2.96 (dd, J = 14.1 and 5.2 Hz, 1H, H-7,), 2.85 (dd, J = 14.1
and 7.2 Hz, 1H, H-7y), 2.62 (m, 1H, H-7'3), 2.56 (ddd, W1, = 8.2, 7.2, and 5.2 Hz, 1H, H-8),
2.50 (m, 1H, H-7"), 2.48 (m, 1H, H-8'). *C NMR (126 MHz, CDCl3): § 178.5 (C-9), 149.1 (C-
3"), 2x147.9 (C-3,4"), 146.5 (C-4), 131.4 (C-1), 130.4 (C-1"), 122.3 (C-6), 120.6 (C-6"), 111.7
(C-2"), 111.3 (C-5"), 109.5 (C-2), 108.2 (C-5), 101.0 (-OCH20-), 71.2 (C-9"), 55.9 (OCH3-4"),

55.8 (OCHs-3"), 46.5 (C-8), 41.2 (C-8'), 38.3 (C-7"), 34.8 (C-7).

Hinokinin (25)

Positive HR-ESI-MS (probe) 4,500 V, m/z: 355.1179 [M+H]" (calc for C20H19Os, 355.1182),
377.0999 [M+Na]" (calc for C20H1s06Na, 377.1001). 'H NMR (500 MHz, CDCls): § 6.73 (d,
J=17.9 Hz, 1H, H-5), 6.70 (d, J = 8.2 Hz, 1H, H-5'), 6.63 (d, J= 1.7 Hz, 1H, H-2), 6.60 (dd, J
=7.9 and 1.7 Hz, 1H, H-6), 6.46 (dd, W1, = 8.2 and 1.7 Hz, 1H, H-6"), 6.46 (d, Wi>= 1.7 Hz,
1H, H-2"), 5.92-5.95 (comp, 4H, 2x-OCH,0-), 4.13 (dd, /= 9.2 and 7.1 Hz, 1H, H-9p), 3.86
(dd, J=9.2 and 7.2 Hz, 1H, H-9,), 2.98 (dd, J = 14.1 and 5.0 Hz, 1H, H-7.), 2.84 (dd, J = 14.1
and 7.3 Hz, 1H, H-7y), 2.59 (m, 1H, H-7"3), 2.53 (ddd, /= 8.3, 7.3, and 5.0 Hz, 1H, H-8,), 2.46
(m, 1H, H-7"), 2.46 (m, 1H, H-8'g). 3C NMR (126 MHz, CDCl;): § 178.4 (C-9), 2x147.8 (C-

3,3"), 146.5 and 146.4 (C-4,4", 131.6 (C-1'), 131.3 (C-1), 122.2 (C-6), 121.5 (C-6'), 109.4 (C-
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2), 108.8 (C-2"), 108.4 and 108.3 (C-5,5"), 101.0 (2x-OCH,0-), 71.1 (C-9'), 46.5 (C-8), 41.3

(C-8"), 38.4 (C-7"), 34.8 (C-7).

Aristolignin (26)

Positive HR-ESI-MS (probe) 4,500 V, m/z: 359.1860 [M+H]" (calc for C21H270s, 359.1858),
381.1677 [M+Na]" (calc for C21H205Na, 381.1678).

"H NMR (500 MHz, CDCl3): § 7.05 (d, J = 1.8 Hz, 1H, H-2), 6.99 (dd, J= 8.2 and 1.8 Hz, 1H,
H-6), 6.92 (d, /= 8.2 Hz, 1H, H-5), 6.88 (comp, 1H, H-6"), 6.87 (comp, 1H, H-2"), 6.84 (d, W1,
=8.6 Hz, 1H, H-3"), 5.61 (s, 1H, OH-4"), 5.13 (d, /= 8.7 Hz, 1H, H-7"), 4.40 (d, /=9.4 Hz, 1H,
H-7), 3.92 (s, 3H, OCH3-3), 3.88 (s, 3H, OCH3-3'), 3.86 (s, 3H, OCH3-4"), 2.25 (m, 1H, H-8'),
1.78 (m, 1H, H-8), 1.06 (d, J= 6.6 Hz, 3H, CH3-9), 0.66 (d, J = 7.0 Hz, 3H, CH3-9"). *C NMR
(126 MHz, CDCl3): & 148.5 (C-3"), 148.1 (C-4"), 146.4 (C-3), 145.4 (C-4), 133.8 (C-1"), 132.8
(C-1), 119.3 (C-6), 119.2 (C-6"), 114.2 (C-5), 110.7 (C-5"), 110.4 (C-2"), 109.3 (C-2), 87.4 (C-

7), 83.0 (C-7"), 55.7-56.0 (3x OCH3-3,3',4"), 47.8 (C-8), 46.0 (C-8'), 14.9 and 15.0 (C-9,9").

Nectandrin A (27)

Positive HR-ESI-MS (probe) 4,500 V, m/z: 359.1860 [M+H]" (calc for C21H270s, 359.1858),
381.1677 [M+Na]" (calc for C21H260sNa, 381.1678). 'H NMR (500 MHz, CDCl3): § 6.98
(comp, 1H, H-2"), 6.97 (comp, 1H, H-6"), 6.96 (comp, 1H, H-2), 6.91 (comp, 1H, H-5), 5.58 (s,
1H, OH-4"), 4.51 (d, /= 6.2 Hz, 1H, H-7"), 4.50 (d, J= 6.2 Hz, 1H, H-7), 2.32 (m, 2H, H-8,8"),
[2xCH3-9,9': 1.04 (d, J = 6.7 Hz, 3H) and 1.03 (d, J = 6.7 Hz, 3H)]. '*C NMR (126 MHz,
CDCl;): 6 119.3 (C-6), 118.6 (C-6"), 114.1 (C-5), 111.0 (C-5"), 109.8 (C-2"), 109.4 (C-2), 87.3

and 87.2 (C-7,7"), 55.7-56.0 (3x OCH3-3,3',4"), 2x44.3 (C-8,8"), 12.9 and 13.0 (C-9,9").

Talaumidin (28)
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Positive HR-ESI-MS (probe) 4,500 V, m/z: 343.1545[M+H]" (calc for C20H230s, 343.1546),
365.1363[M+Na]" (calc for C20H20sNa, 365.1365), 381.1096 [M+K]" (calc for C20H205K,
381.1104). '"H NMR (500 MHz, CDCl3): § 6.93 (d, J= 1.8 Hz, 1H, H-2), 6.92 (d, J = 1.6 Hz,
1H, H-2"), 6.88 (d, W12 =28.0 Hz, 1H, H-5), 6.85 (dd, W12 =28.0 and 1.8 Hz, 1H, H-6), 6.83 (dd,
Wiz= 8.0 and 1.6 Hz, 1H, H-6"), 6.77 (d, W12 = 8.0 Hz, 1H, H-5"), 5.94 (2H, -OCH20-), 5.58
(s, 1H, OH-4),4.61 (d,J=9.3 Hz, 1H, H-7),4.61 (d, /=9.3 Hz, 1H, H-7"), 3.91 (s, 3H, OCHzs-
3), 1.73-1.78 (m, 2H, H-8,8"), 1.04 (d, J = 6.4 Hz, 3H, CH3-9"), 1.02 (d, J = 6.6 Hz, 3H, CHzs-
9). *C NMR (126 MHz, CDCl3): & 147.8 (C-3"), 146.9 (C-4"), 146.7 (C-3), 145.1 (C-4), 136.5
(C-1"), 134.1 (C-1), 119.7 (C-6"), 119.4 (C-6), 114.0 (C-5), 108.6 (C-2), 107.9 (C-5"), 106.6 (C-
2"),100.9 (-OCH-0O-), 88.4 (C-7), 88.2 (C-7"), 56.0 (-OCH3), 51.1 and 50.9 (C-8,8"), 2x13.8 (C-

9,9".
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Table 1. Chemical constituents tentatively or definitively identified in the F1 fraction rich in lignoids by HPLC-ESI-MS/MS.

N° ¢ (min) FM Ionized molecules and ion fragments (m/z7) Annotation or identification(**)
MS Error MS Error MS: [positive (#) and negative (*) modes]
1 36.8/5.85 CisHioNO, 282.1485 -3.2 #251.11; 236.08; 219.08; 191.08 O-Nornuciferine
[M+H]
2 41.5/5.59 CoHs0s 165.0545 -4.2  163.0400 +3.1 #147.04; 123.04; 119.05; 91.05; *119.05 p-coumaric acid
[M+H]' [M-H]
3 43.6/5.69 CyHxuO;  399.1415 -1.3 375.1450 +1.6 #341.14; 323.13; 291.10; 263.11; 231.08; 4,4'-Dihydroxy-3,3'-dimethoxy-7,9'-
[M-+NaJ- [M-H] 217.09; 199.07; 187.07; 175.07; 163.08; epoxylignan-9,7'-diol
137.06; *357.13; 327.12; 297.11;
279.06;195.06; 179.07; 165.06; 105.3
4 46.8/6.21 Ci;1Hi60; 197.1171 -3.6 #179.11; 161.10; 151.11; 135.12; 133.10; Loliolide
[M+H] 123.12; 119.08; 107.09; 91.05
5 47.2/6.42 CyHxOs  385.1617 -2.6 361.1652 +0.3 #327.16;295.13;263.11;203.10; 171.08; 2-(5'-Hydroxy-4'-methoxybenzyl)-3-(5"-
[M+Na] [M-H] 163.07; 151.07; 137.06; 133.06; *346.14; hydroxy-4"-methoxybenzyl)-butan-1,4-
331.15; 313.14; 239.07; 223.10; 179.07; diol
165.06; 147.05; 105.04; 93.04
6 49.7/7.10 CioH21NOs 344.1502 +1.2  342.1347 +1.8 #177.05; 151.08; 149.06; 145.03; 117.03; N-trans-Feruloyl-4'-O-methyldopamine
[M+H] [M-H] *327.11; 312.07; 191.06; 178.05; 148.05
7  50.0/6.99 CyH2Os  383.1473  +0.5 359.1500 +1.4 #343.15;325.14;310.12; 293.12; 283.10; rel-(75,8S,7'S,8'R)-4,4'-Dihydroxy-3,3'-
[M-+NaJ- [M-H] 278.09; 265.10; 261.09; 233.09; 219.10; dimethoxy-7,9'-epoxylignan-7'-ol**
201.09; 191.11; 189.09; 169.06; 151.07;
137.06; *341.14; 329.14; 311.13; 296.11;
281.08; 189.09; 179.07; 174.07; 164.05;
151.04; 136.02; 109.03
8 50.2/7.15 CyH20;  397.1257  -1.5 373.1291 +1.1 #339.12;321.11; 309.11; 291.10; 289.09; 4'-Hydroxy-3'-methoxy-3,4-
[M+NaJ [M-H] 277.08; 268.08; 261.09; 231.08; 217.09; methylenedioxy-7,9'-epoxylignan-9,7'-
187.07; 185.06; 137.06; 135.04; *355.12; diol
340.09; 325.10; 310.08; 205.09; 190.06;
189.06; 187.07; 175.08; 172.05; 171.04;
161.06; 160.05
9 50.7/715 CyH20s  399.1782 -0.5 #359.19; 326.17; 151.08; 137.06 eritro-2-(5'-Hydroxy-4'-methoxybenzyl)-
[M+NaJ- 3-(4",5"-dimethoxybenzyl)-butan-1,4-

diol
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11

12

13

14

15

16

17

18

19

20

21

22

52.3/7.46

53.9/7.72

54.1/7.92

55.1/8.39

55.4/8.13

56.7/8.65

57.2/8.60

57.8/9.12

59.0/9.38

59.3-
59.8/
9.17-
9.69
61.2/9.69

61.4/10.2

61.7/9.84

C21H2506

C21H2606
CxH3006

CicHiiNO;

C22H3006

C21H2606

C22H2506

CisHi3NOs

C20H2206

C21H2406

Co0H240s5

Ci7H11NO4

C20H240s

399.1782
[M+Na]

397.1626
[M+Na]

413.1939
[M+Na]

266.0815
[M+H]

413.1943
[M-+Na]
397.1629
[M-+NaJ-

411.1782
[M-+Na]

324.0873
[M+H]

359.1490
[M+H]

395.1470
[M+Na]

345.1698
[M+H]

294.0762
[M+H]
345.1701
[M+H]

+0.3

-1.4

-1.2

-1.4

375.1808
[M-H}

373.1650
[M-H}

264.0666
[M-H]

0.0

-0.3

+1.9

*327.16; 312.14; 176.08; 161.06

#357.17; 339.16; 324.13; 297.11; 233.12;
215.11;203.11; 188.08; 151.08; 137.06
#373.19; 340.17; 217.12; 203.11; 177.09;
165.09; 151.08

#251.06; 223.06; 195.07; 180.06; 167.07;
152.06; 140.06; *249.04; 221.05; 193.05;
165.06

#357.17; 339.16; 324.14; 309.15; 217.17,
203.11; 201.09; 189.09; 187.08; 177.09;
165.09; 163.08; 161.06; 151.08; 135.04;
133.06; 131.05

#371.18; 353.17; 338.15; 311.13; 298.12;
291.13; 253.11; 233.12; 215.11; 205.12;
203.11; 188.08; 165.09; 151.08

#309.06; 294.04; 279.06; 266.05; 264.04;
251.07; 248.08; 236.05; 223.08; 208.05;
195.08

#341.14; 323.13; 293.12; 263.11; 235.11;
201.09; 187.08; 173.06; 161.06; 149.06;
135.04; 133.06; 131.05

#355.15; 337.14; 322.12; 279.14; 233.12;
215.11; 205.12; 201.09; 199.08; 189.09;
185.06; 177.06; 173.06; 165.09; 161.06;
151.08; 149.06; 135.04; 131.05

#327.16; 295.13; 263.11; 221.12; 203.11;
181.09; 165.09; 153.05; 151.08; 137.06;
133.06; 105.07

#279.05; 251.06; 249.04; 221.05; 195.07;
193.05; 167.07; 139.05

#327.16; 295.13; 263.11; 221.12; 203.11;
181.09; 165.09; 153.05; 151.08; 137.06;
133.06; 105.07

211

threo-2-(5'-Hydroxy-4'-methoxybenzyl)-
3-(4",5"-dimethoxybenzyl)-butan-1,4-
diol

4-Hydroxy-3,3',4'-trimethoxy-7,9'-
epoxylignan-7'-ol

eritro-2,3-[4',5":4",5"-
bis(Dimethoxybenzyl)]butan-1,4-diol
Aristolactam All

threo-2,3-[4',5":4",5"-
bis(Dimethoxybenzyl)]butan-1,4-diol
threo-2-(4',5'-Methylenedioxybenzyl)-3-
(4",5"-dimethoxybenzyl)-
butan-1,4-diol**

3,3',4,4'-Tetramethoxy-7,9'-epoxylignan-
7'-ol

9-Methoxyaristololactam I

Dihydrocubebin**

19a+19b: Interconvertible epimers of
3,4-dimethoxy-3,4-
desmethylendioxycubebin**

8,8'-Dimethyl-7,7'-bis(4-hydroxy-3-
methoxyphenyl)tetrahydrofuran

Aristolactam I

8,8'-Dimethyl-7,7'-bis(4-hydroxy-3-
methoxyphenyl)tetrahydrofuran
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24

25

26

27

28

29

30

31

32

33

61.9-
62.2/
9.94-
10.3
62.8/10.4

64.9/11.0

65.6/10.8

65.9/10.8

67.9/11.5

69.5/11.9

70.0/11.4

>70/11.8

>70/12.4

>70/13.4

C20H2006

C21H2,06

C20H150¢

C11H260s

C11H260s

C20H220s5

C2H250s5

C27H4609

Ci3H3003
CisH3,03

Ca0H200s

379.1158
[M+Na]

371.1505
[M+H]
355.1179
[M+H]

359.1860
[M+H]

359.1860
[M+H]

343.1545
[M+H]

373.2008
[M+H]

537.3041
[M+Na]

317.2087
[M+H]
319.2242
[M+Na]
341.1386
[M+H]

+0.0

+2.7

+0.6

+0.6

+0.0

-1.9

+0.2

-1.9

341.1390
[M-H]

2932124
[M-H]
2952277
[M-H]

+0.3

+2.4

+14

#306.09; 291.10; 263.11; 261.09; 233.09;
203.06; 185.06; 173.06; 161.06; 149.06;
143.05; 135.04; 131.05; 115.05; 103.05

#353.14; 335.13; 321.11; 303.10; 293.12;
263.11; 177.09; 151.08; 135.04

#337.11; 319.10; 307.09; 289.09; 279.10;
261.09; 259.07; 249.09; 231.08; 163.04;
161.06; 149.06; 135.04; 133.06; 131.05;
119.05; 103.05

#341.17; 309.15; 235.13; 221.12; 217.12;
203.11; 195.10; 181.09; 179.11; 171.08;
167.07; 165.09; 153.05; 151.08; 137.06;
133.06

#341.17; 309.15; 235.13; 221.12; 217.12;
203.11; 195.10; 181.09; 179.11; 171.08;
167.07; 165.09; 153.05; 151.08; 137.06;
133.06

#325.14; 295.13; 293.12; 263.11; 221.12;
219.10; 203.11; 201.09; 191.11; 189.09;
165.09; 163.08; 151.04; 149.06; 137.06;
135.04; 133.07; 107.05; 105.07

#355.19; 235.13; 217.12; 207.14; 202.10;
191.11; 179.11; 176.08; 167.07; 165.09;
151.08; 139.07

#497.27; 353.27; 335.25; 261.22; 243 .21;
233.23;215.18; 189.16; 149.13; 135.12;
109.10

#277.18; 107.09; 93.07; 79.05

#279.23; 261.22; 243.21; 109.10; 95.09;
81.07

#323.13; 293.12; 265.12; 245.09; 219.10;
201.09; 189.09; 179.07; 171.08; 163.08;
159.08; 151.04; 149.06; 135.04; 133.06;
123.04; 105.07

212

Interconvertible epimers of trans-
cubebin: a-cubebin(23a)-+4-
cubebin(23b)**

Kusunokinin**

Hinokinin**

Aristolignin** s

Nectandrin A** s

Talaumidin**

8,8'-Dimethyl-7,7'-[3,4:3",4'-
bis(dimethoxyphenyl)]tetrahydro-furan

3-(Hexopyranosyloxy)-2-hydroxypropyl
(92,127,157)-9,12,15-octadecatrienoate

Hydroxystearidonic acid
Hydroxylinolenic acid
8,8'-Dimethyl-7,7'-[3,4:3",4'-

bis(methylenedioxy
phenyl)]tetrahydrofuran

sRetention times may be interchanged. Lignans with retention times 61.2/9.69 and 61.7/9.84 are stereoisomers.
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Table 2. Chemical constituents tentatively identified in the F2 fraction rich in alkaloids/flavonoids by HPLC-ESI-MS/MS.

N°  t (min) FM Ionized molecules and ion fragments (m/z7) Annotation
MS Error MS Error MS: [positive (#) and negative (*) modes]
34 7.10/0.82 CoH;INO,  166.0863 -3.0 #149.06; 137.06; 121.06; 103.05; 91.05;  Norsalsolinol
[M+H] 77.04
35 7.10/0.82 CoHiINO,  166.0863 -3.0 #149.06; 148.07; 131.05; 120.08; 107.05;  Phenylalanine
[M+H] 103.05; 93.07; 91.05
36 7.20/0.82 CsHsNs 136.0619 2.9 #119.04; 109.05; 94.04; 92.02 Adenine
[M+H]
37 7.20/1.70 C;oHi3NO>  180.1033 +4.4 #163.07; 151.07; 145.06; 117.07; 115.05;  Salsolinol
[M+H] 91.05
38 7.50/2.07 CisHisNOs  274.1071 2.9  272.0922 -0.4  #257.08; 239.07; 221.06; 213.05; 211.07;  Alternamine A: [1-(3,4-
[M+H] [M-H] 164.07; 152.07; 147.04; 146.06; 138.05;  Dihydroxyphenyl)-1,2,3,4-
123.04; 118.06; 107.05; *243.06 tetrahydroisoquinoline-6,7-diol]
39 8.00/1.39 CioHisNsO4  268.1044 -0.7 #136.06; 119.03 Adenosine
[M+H]
40 25.9/3.67 CyH;NO1 550.1927 -0.4  548.1762 -1.1  #418.15; 256.10; 162.06; *254.08 1-(4-Hydroxyphenyl)-6,7-dihydroxy-3,4-
[M+H] [M-H] dihydroisoquinoline-hexose-pentose
41 27.5/4.09 CisHisNOs  272.0924 +0.4 270.0763 -1.1  #270.07; 257.07; 162.05; 144.04; 136.04;  1-(3,4-Dihydroxyphenyl)-6,7-dihydroxy-
[M+H] [M-HJ 135.04; 134.04; 123.04; 117.03; 116.05; 3,4-dihydroisoquinoline
89.04; *268.06; 160.04; 134.02
42 29.2/4.40 Ci;sHisNO;  256.0971 -1.2 #241.07; 162.05; 144.04; 135.04; 134.04;  1-(4-Hydroxyphenyl)-6,7-dihydroxy-3,4-
[M+H] 116.05; 107.05 dihydroisoquinoline
43 29.4/3.62 CsH;00s3 153.0556 +2.6  *123.05; 122.04; 109.03; 108.02 Hydroxytyrosol
[M-HJ
44 29.5/440 CisHioNOs  314.1392 0.0 312.1239 +1.0  #298.11; 283.08; 176.07; 151.08; 137.06  1,2-Dihydronorreticuline
[M+H] [M-H]



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

29.8/4.50

31.3/4.71

31.5/4.76

31.6/4.61

32.3/4.87

32.6/4.97

33.1/4.35

33.6/5.07

33.9/4.45

34.3/5.34

34.6/4.56

35.1/4.76

35.4/5.34

36.0/5.39

36.7/5.65

Ci9H24NO5*

Ci7H1oNO;

Ci3H21NO3

C23H29NOs
C20H26NO4*
C20H24NO4"
C53H40020
Ci19H23NO4
C7Hs0O3
C19H24NOs*

Co1H25013

CisHisOg

Ci4H21NO,

Ci9H»NOs*

C21H26NO4*

314.1751
[M]

286.1440
[M+H]

300.1595
[M+H]

448.1963
[M+H]
344.1865
[M]
342.1710
[M]
757.2174
[M+H]
330.1707

314.1753
[M]

236.1648
[M+]

312.1601
[M]

356.1858
[M]

-1.6

-1.0

-1.7

-1.8

+1.5

+0.6

-1.3

+0.3

-1.1

755.2034
[M-H]

137.0245
[M-H]

487.1459
[M-H]

325.0931
[M-H]

+4.4

+1.6

+2.5

#299.11; 271.13; 269.12; 239.11; 237.09;
211.11; 209.10; 192.10; 175.08; 145.06;

143.05; 137.06; 115.05; 107.05

#269.12; 254.09; 237.09; 209.10; 178.09;
175.07; 163.07; 145.06; 143.05; 121.06;

107.05

#283.13; 271.13; 269.12; 237.09; 209.09;
192.10; 175.08; 145.06; 143.05; 121.06;

107.05

#286.14; 269.12; 255.10; 237.08; 209.09;
161.06; 107.05

#301.14; 299.13; 269.12; 267.10; 175.08;
151.08; 143.05; 137.06

#311.13; 297.11; 282.09; 265.09; 237.09

#449.11; 287.06; *593.15; 285.04

#299.13; 267.10; 239.11; 192.10; 177.08;
175.07; 151.07; 143.05; 137.06
*136.02; 108.02; 93.03

#269.12; 237.09; 175.07; 143.05; 137.06;
107.05

*341.11; 325.09; 307.08; 289.08; 265.07;
247.06; 235.05; 205.05; 177.06; 163.04;

145.03; 119.05

*289.08; 265.07; 259.06; 235.06; 205.05;
187.04; 177.06; 163.04; 161.06; 145.03;

119.05

#219.14; 201.13; 177.09; 173.13; 163.08;
159.08; 149.06; 145.06; 137.06; 131.05;

123.04; 117.07; 103.05

#294.15; 282.14; 279.12; 267.10; 249.04;
239.11; 219.08; 217.06; 207.08; 189.07,;

179.09

#311.13; 296.10; 279.10; 264.08; 248.08

Magnocurarine

Coclaurine

N-Methyl coclaurine

N-Methylnorcoclaurine-hexose
Tembetarine

Magnoflorine
Kaempferol-hexose-ramnose-hexose
Reticuline

Hydroxybenzoic acid

Lotusine

p-coumaric acid dihexoside

p-coumaric acid hexoside

N-Ethyl-N-methyl-affineine

N-Methyl pachyconfine

Menisperine
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61

62

63

64

65

66

67

68

69

70

71

72

73

37.2/5.81

37.4/5.02

37.4/5.02

37.6/5.02

38.0/5.08

38.3/5.13

38.9/5.18

39.3/5.28

39.5/5.25

39.8/5.36

40.1/5.34

41.7/5.60

43.1/5.80

44.1/6.01

CiyHuNO,"
C32H33020
C52H35020
C27H30017
C31H36019
C26H25016

C27H32014

C32H33019
C27H30016
C27H30016
Ca6H2s015
C27H30015

C21H2001,

C27H3,014

296.1650
[M]
743.2028
[M+H]
743.2028
[M+H]
627.1559
[M+H]
713.1927
[M+H]
597.1461
[M+H]
581.1871
[M+H]

727.2091
[M+H]
611.1605
[M+H]
611.1604
[M+H]
581.1511
[M+H]
595.1660
[M+H]
449.1085
[M+H]

581.1862
[M+H]

+0.8

+0.2

+0.7

-1.1

-1.3

+0.9

+0.2

1.4

741.1892
[M-H]
741.1892
[M-H]
625.1407
[M-H]
711.1775
[M-H]
595.1304
[M-H]
579.1724
[M-H]

725.1935
[M-H]
609.1461
[M-H]
609.1460
[M-H]
579.1357
[M-H]
593.1511
[M-H]
447.0936
[M-H]

579.1721
[M-H]

+1.9

+1.9

+0.3

+0.3

+0.8

+1.7

+0.8

+0.8

+0.6

+1.2

+0.8

+2.0

+1.2

#251.11; 236.08; 219.08; 191.09

#449.11; 287.06; *579.13; 285.04
#465.10; 303.05; *595.13; 301.03

#465.10; 447.09; 429.08; 303.05

#581.15; 449.11; 431.10; 419.09; 287.05
*579.13; 561.12; 285.04

#465.10; 447.09; 435.09; 429.08; 417.08;
303.05

#435.12; 419.13; 417.13; 273.08; 255.08;
*271.06; 227.07; 177,02; 151.00; 119.05;
107.01

#595.16; 581.15; 449.11; 419.10; 287.05

#449.11; 431.09; 287.06; *447.09; 285.04
#465.10; 303.05

#449.11; 431.10; 287.06

#449.11; 287.06

#258.05; 241.05; 213.05; 165.02; 153.02;
137.02; 121.03; 109.03; *285.04; 255.03;
227.03; 151.00

#435.13; 419.14; 417.3; 273.08; 153.02;

*271.06; 227.07; 177.02; 151.00; 119.05;
107.01

Annonamine
Kaempferol-hexose-pentose-hexose
Quercetin-hexose-pentose-ramnose
Quercetin-hexose-hexose
Kaempferol-hexose-pentose-pentose
Quercetin-hexose-pentose

Naringenin-ramnose-hexose

Kaempferol-hexose-pentose-ramnose
Kaempferol-hexose-hexose
Quercetin-hexose-ramnose
Kaempferol-hexose-pentose
Kaempferol-hexose-ramnose

Kaempferol-hexose

Naringenin-hexose-ramnose
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Table 3. Acute effects of the infuse of Aristolochia triangularis on bood glucose levels (mg/dL) in OGTT

Groups

Time Control Inf-L-At Inf-L-At Inf-L-At Glibenclamide
(min) (62.5 mg/kg) (125 mg/kg) (250 mg/kg) (100 mg/kg)
0 95.6+3.0 86.5+2.8 88.2+2.0 924+43 924+1.6

15 208.8+5.2

30 207.2+£2.3

146.8 + 5.0%**

148.6 + 3.4%**

151.2 + 4.5%**

155.8 + 3.7%**

158.2 & 8.8***

152.6 &+ 3.3%%*

152.2 & 3.4%%*

150.6 + 4.7#%*

60 196.2+2.6 127.8 £ 2.0%** 129.8 + 1.6%** 142.2 £ 6.9%**  131.2 £3.0%**
180 1104+5.4 91.8 £ 5.5%** 97.8+1.3* 102,0£3.8 85.2 £ 4.4%**
AUC 29850 21320 21290 22040 23280

Values are expressed as mean + SEM; n=5 for this treatment. *p <0.05; **p <0.01; ***p <0.001, statistically significant differences when compared to the control group.
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Fig. 1. 2-Aryl-4-benzyltetrahydrofuran and 2,5-diaryltetrahydrofuran lignans tentatively or definitively identified in the tea of A. triangularis

leaves.
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Fig. 2. Dibenzylbutane, dibenzylbutyrolactol, and dibenzylbutyrolactone lignans and other compounds tentatively or definitively identified in the

tea A. triangularis leaves.
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Fig. 3. Alkaloids and other nitrogenous compounds tentatively identified in the tea of 4. triangularis leaves.
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Fig. 4. Flavonoids and other compounds tentatively identified in the tea of A. triangularis leaves.
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Control

Inf-L-At 62.5 mg/kg
Inf-L-At 125 mg/kg
Inf-L-At 250 mg/kg

Glibenclamide

Control

Inf-L-At 62.5 mg/kg
Inf-L-At 125 mg/kg
Inf-L-At 250 mg/kg

Glibenclamide

Fig. 5. Effect of the infuse of Aristolochia triangularis on muscular (A) and liver (B) glycogen

content after OGTT. The values are expressed as mean £ SEM; n = 5 for each group.

Statistically significant difference when compared to the control. * p <0.05; * * p <0.01; * *

*p < 0.001.
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Fig. 6. Effect of Inf-L-At in the activity of maltase, lactase and sucrase after OGTT. The values
are expressed as mean £ SEM; n = 5 for each group. Statistically significant difference when
compared to the control. * * * p <0.001; * * p< 0.01; * p <0.05.
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7. ANEXOS



7.1. Parecer de aprovacio da Comissdo de Etica no Uso de Animais

MINISTERIO DA EDUCACAO

FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUACAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

CERTIFICADO

Certificamos que a proposta intitulada “Investigacdo do potencial
antidiabético de Aristolochia triangularis Cham. (Aristolochiaceae)’,
registrada sob o protocolo de n°® 13/2019, sob a responsabilidade de Clsudio
Rodrigo Nogueira — que envolve a produgao, manutengdo e/ou utilizagao de
animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para
fins de pesquisa 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 Nacional de Controle da
Experimentacdo Animal (CONCEA), e foi aprovada pela Comisséo de Etica no Uso
de Animais (CEUA/UFGD) da Universidade Federal da Grande Dourados, em

reuniao de 03/05/2019.

Dourados-MS, 14 de Agosto de 2019.

Finalidade

( ) Ensino ( X ) Pesquisa Cientifica

Vigéncia da autorizacdo

10/10/2019 a 28/02/2023

Espécie/linhagemy/raca

Rattus norvegicus - Wistar

N© de animais 292

Peso/idade 180-200 g / 40-50 dias
Sexo Machos

Origem Biotério Central UFGD

im0 fpubide

Comissao de Etica no Uso de Animais — CEUA/UFGD — Rua Jo&o Rosa

Dourados/MS. E-mail: ceua@ufgd.edu.br

Melissa Negrao Sepulvida
Cordenadora CEUA

Goes, 1761 — Vila Progresso.
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