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RESUMO

Muitas plantas sdo utilizadas na medicina tradicional para o tratamento do
Diabetes mellitus (DM) e suas complicacdes. A hiperglicemia cronica no DM esta
intimamente associada ao aumento do estresse oxidativo. Assim, esta pesquisa teve
como objetivos: 1) investigar quais plantas séo utilizadas na medicina tradicional por
pessoas com DM na cidade de Uruguaiana/RS; ii) avaliar o potencial antidiabético,
antioxidante e toxicoldgico de duas destas plantas in silico, in vitro e in vivo. Para isso,
foi realizada uma entrevista com 105 pessoas com DM em Uruguaiana/RS, no intuito de
investigar os habitos de consumo de plantas medicinais (Manuscrito 1). Dos
entrevistados, 67,6% afirmaram usar plantas medicinais. As quatro plantas mais
utilizadas foram a pata-de-vaca (Bauhinia), jambol&do (Syzygium jambolanum; Syzygium
cumini), camomila (Matricaria recutita) e macela (Achyrocline satureioides). A infuséo
foi a forma de preparo mais utilizada e a frequéncia de consumo, em mais de 80% dos
casos, foi diaria. Predi¢bes in silico dos constituintes majoritarios das plantas mais
utilizadas mostraram a existéncia de provavel atividade (Pa) antidiabética para alguns
dos compostos analisados (Manuscrito 1). Na sequéncia, o potencial antidiabético,
antioxidante e toxico da Bauhinia forficata Link subsp. pruinosa (BF) foi testado in
silico, in vitro e in vivo, neste ultimo caso utilizando camundongos com hiperglicemia
crénica (Manuscrito 2). Os resultados mostram que os fitoconstituintes previamente
identificados na infusdo de BF (quercetin 3-0-(2-rhamnosyl)rutinoside; kampferol 3-o-
(2-rhamnosyl)rutinoside;  quercetin-3-O-rutinoside; e kaempferol-3-O-rutinoside)
apresentam alta predicdo in silico como antioxidantes e baixa predicdo como
antidiabéticos e como agentes toxicos (mutagenicidade, cardiotoxicidade e
hepatotoxicidade). A predicdo antioxidante foi confirmada in vitro e ex vivo, sendo a BF
capaz de reduzir a peroxidacdo lipidica e controlar os niveis de espécies reativas a
diclorofluoresceina (DCF-RS) em eritrocitos de camundongos com hiperglicemia
cronica. Da mesma forma, a baixa predi¢do antidiabética foi ratificada, visto que tanto a
hiperglicemia, quanto os demais sintomas classicos do DM (polidria, polidpsia,
polifagia e perda de peso) ndo foram controlados pelo tratamento com a BF
(Manuscrito 2). Além disso, a acdo da BF sobre os danos hepaticos induzidos pela
hiperglicemia foi avaliada em camundongos com DM (Artigo 1). Os resultados

mostraram que os animais com DM apresentavam altos niveis de NQO-1 no pancreas, €



de DCF-RS e lipoperoxidacdo no figado, assim como diminuicdo da atividade da
catalase hepatica. O tratamento com a BF foi capaz de normalizar estes pardmetros,
porém ndo teve efeitos sobre a hiperglicemia, a hepatomegalia, as proteinas
carboniladas, os tiois ndo-proteicos e a atividade da §- aminolevulinato desidratase
(Artigo 1). Adicionalmente, o potencial antidiabético, antioxidante e toxico da
Achyrocline satureioides (AS) foi testado (Artigo 2). A toxicidade foi predita in silico e
avaliada in vitro no ensaio de cometa com linfocitos humanos isolados, e no ensaio de
determinacdo da dose letal mediana (DLso) em nadplios de Artémia salina. Os
resultados mostraram que os componentes majoritarios identificados na infusdo de AS
(quercetina, isoquercitrina e acido cafeico) apresentam alta predicdo como antioxidantes
e baixa predicdo de toxicidade, exceto para a quercetina. A acdo antioxidante foi
confirmada tanto para o extrato aquoso bruto (infusdo), quanto para os constituintes
isolados. A DLso determinada classifica a planta como ndo toxica. No ensaio de cometa
ndo foi identificado potencial genotdxico para a infusdo de AS (Artigo 2). Os dados
apresentados confirmam o elevado uso de plantas por pessoas com DM na medicina
tradicional. Da mesma forma, as analises realizadas apontam o estresse oxidativo como
sendo um dos mecanismos envolvidos nos danos teciduais decorrentes do DM. As
analises mostram ainda que os efeitos protetores resultantes do tratamento com a BF
podem ser atribuidos a sua capacidade antioxidante, demonstrada in vitro e ex vivo,
visto que ndo foi identificado potencial antidiabético in silico e in vivo. Nesta mesma
linha, o alto potencial antioxidante e baixa predicdo toxicoldgica apontam a AS como
uma alternativa para o tratamento dos danos causados pelo estresse oxidativo. Em suma,
os resultados aqui apresentados permitem concluir que a planta BF, utilizada na
medicina tradicional para tratar DM e suas complicacdes, ndo apresenta efeito
antidiabético direto na forma como foi aqui testada. No entanto, sua importante
atividade antioxidante faz, tanto da BF quanto da AS, potenciais agentes para o
tratamento complementar do DM, especialmente considerando as complicagdes
diabéticas decorrentes do incremento do estresse oxidativo. Neste contexto, abrem-se
perspectivas para investigacbes futuras do uso dessas plantas como terapia

complementar ao tratamento clinico tradicional.

PALAVRAS-CHAVE: Etnofarmacologia; Diabetes mellitus; Plantas medicinais;

Estresse oxidativo; Bioinformética.



ABSTRACT

Medicinal plants are extensively used in traditional medicine to treat Diabetes mellitus
(DM) and its complications. Chronic hyperglycemia in DM is pointed as responsible for
oxidative stress development. The aims of this study were: i) to evaluate which plants
are used in traditional medicine by people with DM in Uruguaiana/RS; ii) to evaluate
the antidiabetic, antioxidant and toxicological potential for two of these plants in silico,
in vitro e in vivo. For this, a research with 105 DM patients from Uruguaiana/RS was
conducted to investigate their medicinal plants consumption habits (Manuscript 1).
From the interviewed people, 67.6% say they do use medicinal plants. The four more
used plants were “cow paw” (Bauhinia), jambolan (Syzygium jambolanum; Syzygium
cumini), chamomile (Matricaria recutita), and macela (Achyrocline satureioides). The
most used form of consumption was the infusion; in more than 80% of the cases, the
consumption frequency was daily. Predictions in silico for the major phytoconstituents
of the most used plants showed that some compounds presented probable antidiabetic
activity (Manuscript 1). In sequence, the antidiabetic, antioxidant and toxicological
potential of Bauhinia forficata Link subsp. pruinosa (BF) was tested in silico, in vitro
and in vivo, in the last case using mice with chronic hyperglycemia (Manuscript 2).
Results show that the phytoconstituents previously identified in the BF infusion
(quercetin3-o-(2-rhammosyl)rutinoside;  kampferol ~ 3-0-(2-rhammnosyl)rutinoside;
quercentin-3-O-rutinoside; and kaempferol-3-o-rutinoside) show high prediction in
silico as antioxidants and low prediction as antidiabetic agents and toxic agents
(mutagenicity, cardiotoxicity and hepatotoxicity). The antioxidant prediction was
confirmed in vivo and ex vivo. BF was able to reduce lipid peroxidation and to control
the reactive dichlorofluroscein species (DCF-RS) levels in erythrocytes from
hyperglycemic mice. In the same way, the low antidiabetic prediction was ratified, since
both hyperglycemia and other classic DM symptoms (polyuria, polydipsia, polyphagia,
and weight loss) were not controlled by BF treatment (Manuscript 2). Besides, the BF
action in the hepatic damages induced by hyperglycemia was evaluated in mice with
DM (Article 1). Diabetic mice showed high levels of NQO-1 in pancreas, and of DCF-
RS and lipid peroxidation in the liver, as well as decrease in the activity of hepatic
catalase. BF treatment was able of normalizing these parameters. However, it did not

have any effects over hyperglycemia, hepatomegaly, carbonylated proteins, non-protein



thiols, and the §- aminolevulinate dehydratase activity (Article 1). Additionally, the
antidiabetic, antioxidant, and toxicological potential of Achyrocline satureioides (AS)
was tested (Article 2). The toxicity was predicted in silico and, after, evaluated in vitro
with the comet assay using human lymphocytes. The median lethal dose (LDso) was
evaluated in nauplii of Artemia salina. Results showed that the AS major compounds
(quercetin, isoquercitrin, and caffeic acid) presents high prediction as antioxidants and
low toxicity prediction, except for quercetin. The antioxidant activity was confirmed
both in crude aqueous extract (infusion) and in isolated compounds. The determined
LDso classifies the plant as non-toxic. The comet assay showed no genotoxic potential
for AS infusion (Article 2). Our data confirm the extensive use of plants by people with
DM. In the same way, our analysis point oxidative stress as one of the mechanisms
involved in tissue damages resulting of DM. The analysis also showed that the
protective effects resulting of the BF treatment could be assigned to its antioxidant
capacity, demonstrated in vitro and ex vivo, since no antidiabetic potential was
identified in silico and in vivo. In the same line, the high antioxidant potential and the
low toxicological prediction, point AS as a possible alternative treatment to the damage
caused by oxidative stress. In summary, the results here presented allow us to conclude
that BF plant, used in traditional medicine to treat DM and its complications, does not
show direct antidiabetic effects. However, the antioxidant potential observed in both,
BF and AS, make them possible complementary treatments to DM, especially
considering the diabetic complications resulting of the oxidative stress increase. In this
context, perspectives to future investigations on the use of these plants as
complementary therapy to the traditional clinic treatment are open.

KEYWORDS: Ethnopharmacology; Diabetes mellitus; Medicinal plants; Oxidative

stress; Bioinformatics.
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APRESENTACAO

Os resultados que fazem parte desta tese estdo apresentados sob a forma de
Artigos Cientificos e Manuscritos. A formatacdo dos artigos e manuscritos atende as
normas proprias dos periodicos onde foram publicados ou serdo submetidos para
publicacdo. As secdes Materiais e Métodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas encontram-se nos proprios manuscritos e artigos, e
representam a integra desse estudo.

O item Discussdo e Conclusdes, encontrado ao final desta tese, apresenta
interpretacfes e comentarios gerais sobre todos os resultados apresentados. As
Referéncias Bibliograficas contemplam apenas as citacdes apresentadas na
Introducdo, Revisdo Bibliografica e Discussdo e Conclusdes desta tese, uma vez que
os artigos e manuscritos cientificos tém suas referéncias apresentadas na propria

COMposigao.
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1. INTRODUCAO

O uso de plantas consideradas curativas na medicina tradicional é frequente e
tem estimulado diversas pesquisas no ramo da etnofarmacologia (Dutra et al., 2016). No
Brasil, politicas especificas como a “Politica Nacional de Plantas Medicinais e
Fitoterapicos” (PNPMF) e o “Programa Nacional de Plantas Medicinais e Fitoterapicos”
estimulam a promocdo e o reconhecimento de praticas populares de uso de plantas
medicinais e remédios caseiros, assim como buscam assegurar a eficacia, seguranca e
qualidade no uso de plantas potencialmente medicinais (Brasil, 2006; 2009).

Essas politicas sdo baseadas no fato de que muitos medicamentos atualmente
disponiveis no mercado sdo derivados de plantas medicinais. Um importante exemplo é
0 caso da Metformina, uma das drogas mais utilizadas para o tratamento do Diabetes
mellitus (DM) no mundo. A Metformina ¢ uma biguanida derivada da galegina,
composto com alto poder hipoglicemiante isolado da planta Galega officinalis L.
(Fabaceae) (Witters, 2001). Essa planta era prescrita na medicina tradicional desde a
idade média para tratar a polidria, sintoma que mais tarde se descobriria ser fortemente
associado ao DM (Witters, 2001).

O DM é uma sindrome metabdlica caracterizada pela ndo producédo de insulina
ou por uma incapacidade de se utilizar adequadamente a insulina produzida, resultando
em elevados niveis de glicose sanguinea (IDF, 2017). Essa sindrome é considerada uma
pandemia, afetando milhdes de pessoas em todo o mundo (IDF, 2017). O DM esta
associado com o desenvolvimento de véarias complicacdes a curto e longo prazo, muitas
das quais sdo associadas ao aumento do estresse oxidativo (Maritim et al., 2003; Kassab
& Piwowar, 2012). A nivel tecidual, o aumento na producao de radicais livres associado
com uma reducdo das defesas antioxidantes enddgenas resulta em danos a lipidios,
proteinas e DNA, levando a morte celular.

Nesse contexto, o uso de antioxidantes exodgenos, como os flavonoides,
derivados de plantas, pode ser uma importante ferramenta para o controle do dano
oxidativo resultante do DM (Pandey & Rizvi, 2009; Pisochi & Pop, 2015).
Experimentalmente, a avaliacdo da capacidade antioxidante de extratos de plantas
consideradas medicinais, assim como de seus compostos isolados é possivel por meio
de diversos ensaios in silico, in vitro, in vivo e ex vivo. Entretanto, considerando que 0s

extratos de plantas medicinais sdo misturas complexas de varios compostos com
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potencial atividade medicinal, a avaliagdo da forma popular de utilizacdo dos mesmos
(infusdo) permite uma maior compreensédo de seus efeitos farmacoldgicos e/ou toxicos.
Com base no exposto, a importancia do presente trabalho justifica-se a medida
em que se objetiva conhecer quais plantas sdo utilizadas por pessoas com DM na
medicina tradicional, assim como investigar a eficacia e seguranca de algumas destas
plantas, atendendo desta forma as orientagdes da PNPMF.
Nesse contexto, o presente trabalho tem como proposta principal responder aos
seguintes problemas de pesquisa:
» Quais plantas medicinais s&o utilizadas por pessoas com DM na cidade
Uruguaiana/RS?
» As plantas utilizadas, em sua forma popular de preparo, apresentam potencial

antidiabético, antioxidante ou toxico?
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2. REVISAO BIBLIOGRAFICA

2.1. Medicina Tradicional e Plantas Medicinais

A medicina tradicional, ou medicina popular, compreende o somatorio de
conhecimentos, habilidades e préaticas baseadas em teorias, crencas ou experiéncias,
explicaveis ou ndo, de uma determinada populagdo ou cultura, usadas na manutencéo da
salde, bem como na prevencéo, diagndstico, melhoria ou tratamento de doengas fisicas
e mentais (World Health Organization - WHO, 2017).

As terapias da medicina tradicional podem ser classificadas como terapias de
medicagéo, onde sé&o utilizados medicamentos com base de ervas, partes de animais e/ou
minerais, e terapias sem medicacdo, onde sdo utilizadas terapias complementares ou
alternativas como Reiki, Yoga, acupuntura e outras terapias fisicas (WHO, 2017). No
contexto da medicina tradicional, o uso de extratos preparados a base de ervas ou
plantas consideradas medicinais é uma pratica comum, e inclui a utilizacdo do material
vegetal bruto, como folhas, flores, frutos, sementes, caules, casca e raizes, ou do
material vegetal processado, como tinturas, 6leos essenciais e outros preparados (WHO,
2017).

Notadamente, acredita-se que cerca de 80% da populacdo de paises em
desenvolvimento faz uso da medicina tradicional para sua atencdo primaria, sendo que
grande parte destes (85%) utilizam plantas ou preparacdes a base de plantas (Brasil,
2006). De acordo com esses dados, uma pesquisa realizada no centro-norte do estado do
Rio de Janeiro apontou que 97,7% dos 1.320 entrevistados ja haviam utilizado plantas
para fins medicinais, e 67,9% afirmaram estar fazendo uso de alguma planta
considerada medicinal durante o periodo em que a pesquisa foi realizada (Veiga Junior,
2008).

Com base nesse cenario, no ano de 2006, a Organizacdo Mundial da Saude
estabeleceu a “International Regulatory Cooperation for Herbal Medicines” que se
constitui em uma rede global de regulacdo do uso de medicamentos & base de plantas
(WHO, 2017). A misséo desta rede é proteger e promover a saude publica e seguranga
através de uma melhor regulamentacéo para medicamentos fitoterapicos (WHO, 2017).

No Brasil, a “Politica Nacional de Plantas Medicinais e Fitoterapicos”
(PNPMF), estabelecida em 2006, e 0 “Programa Nacional de Plantas Medicinais e

Fitoterapicos”, estabelecido em 2008, tém como objetivos assegurar a eficécia,
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seguranca e qualidade no uso de plantas medicinais, assim como promover e reconhecer
as préticas populares do uso de plantas consideradas medicinais e remédios caseiros
(Brasil, 2006; 2009).

Nesse sentido, um dos eixos do Programa Nacional de Plantas Medicinais e
Fitoterapicos propde-se a “salvaguardar, preservar e apoiar 0s conhecimentos, praticas,
saberes e fazeres tradicionais e populares em plantas medicinais, remédios caseiros e
demais produtos para a salde que se estruturem em principios ancestrais” (Brasil,
2009).

Sabe-se que milhares de plantas sdo utilizadas popularmente como remédios
naturais no Brasil. Em parte, 0 extenso uso de plantas deve-se ao fato de o pais ser berco
de grande biodiversidade vegetal, com uma infinidade de plantas sendo usadas como
matéria-prima para a fabricacdo de fitoterapicos e outros medicamentos (Brasil, 2006;
Dutra et al., 2016). Além disso, o Brasil é detentor de rica diversidade cultural e étnica
que resultou em um acumulo consideravel de conhecimentos e tecnologias tradicionais,
passados de geracdo a geracdo, entre 0s quais se destaca o vasto acervo de
conhecimentos sobre manejo e uso de plantas medicinais (Brasil, 2006; Dutra et al.,
2016). Assim, além de conhecer o uso popular de plantas medicinais, a PNPMF visa
fomentar a pesquisa, 0 desenvolvimento tecnoldgico e a inovagdo com base na
biodiversidade brasileira e de acordo com as necessidades epidemiologicas da
populacdo (Brasil, 2009).

Considerando as necessidades epidemioldgicas da populacdo, sabe-se que
atualmente as doencas crénicas ndo transmissiveis, entre elas o Diabetes mellitus (DM),
estdo entre as principais causas de morte. De fato, em 2007, cerca de 72% das mortes no
Brasil foram atribuidas as doencas crénicas ndo transmissiveis, resultando em uma
importante sobrecarga para o sistema publico de salde e para o sistema previdenciario
(Schmidt et al., 2011). Além disso, predi¢des mostram que a mortalidade em individuos
com DM é 57% mais alta do que na populacdo em geral (Schmidt et al., 2011). Em
conjunto, esses dados mostram a importancia epidemiolégica do DM e suas
complicagdes no cenério de saude atual.

Em relacdo a terapia farmacologica para o tratamento do DM, sabe-se que apesar
do avango na qualidade e na disponibilidade dos medicamentos utilizados, uma vasta
gama de plantas consideradas medicinais é ainda utilizada empiricamente pela

populacdo para o tratamento primario ou complementar da sindrome. Entre essas
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plantas, podemos citar a Bauhinia forficata (BF) (Fabaceae, Leguminosae),
popularmente conhecida como “pata-de-vaca” ¢ apontada como uma das plantas mais
utilizadas por pessoas com DM no sul do Brasil (Trojan-Rodrigues et al. , 2012). Outra
planta largamente utilizada é a Achyrocline satureioides (Lam) (AS) (Asteraceae),
popularmente conhecida como “macela”. Nesse contexto, um levantamento sobre o uso
de plantas medicinais por pessoas com DM da cidade de Uruguaiana mostrou que a
macela é a quarta planta mais utilizada, sendo a pata-de-vaca a primeira (dados nao
publicados).

Na medicina popular brasileira, inflorescéncias de AS, normalmente colhidas em
um dia considerado sagrado (“sexta-feira da paixdo” ou “sexta-feira santa”) sdo usadas
para tratar variados distdrbios gastrointestinais, apresentando efeitos digestivos,
antiespasmadicos, antioxidantes e anti-inflamatorios (Polydoro et al. , 2004). Além
disso, um composto isolado da planta conhecido como “achyrofuran” demonstrou ter
atividade anti-hiperglicémica em camundongos com DM (Carney et al. , 2002).

Em relacdo a BF, estudos demonstraram que a planta apresenta uma importante
atividade antioxidante in vitro, tanto no extrato bruto quanto em compostos isolados (de
Sousa et al.,, 2004, Salgueiro et al., 2013). Da mesma forma, a atividade anti-
hiperglicémica j& foi comprovada em algumas plantas do género Bauhinia, porém as
evidéncias ainda sdo contraditorias no que diz respeito ao efetivo controle da
hiperglicemia (de Sousa et al., 2004, Pepato et al., 2002, Volpato et al., 2008). Ademais,
sdo desconhecidos estudos que tenham avaliado o possivel efeito hipoglicemiante da
Bauhinia forficata Link subsp. pruinosa.

Com efeito, apesar da larga utilizacdo destas plantas como alternativa terapéutica
para 0 DM e suas complicacdes, pouco se sabe sobre seu potencial farmacoldgico e
toxicologico, especialmente na forma como sdo utilizados popularmente (chas ou

infusdes).

2.2. Diabetes mellitus

O Diabetes mellitus (DM) € um distdrbio metabdlico que afeta atualmente mais
de 415 milhGes de pessoas no mundo, com previsdo de chegar a 642 milhdes em 2040
(IDF, 2017). Essa sindrome é caracterizada pela falta absoluta ou relativa da producgao

pancreatica de insulina, ou ainda por uma incapacidade de utilizacdo da insulina
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produzida, resultando em elevacdo dos niveis sanguineos de glicose (IDF, 2017). A
hiperglicemia cronica, presente no DM, é a principal causa das complicacdes diabéticas
que, ndo somente diminuem a qualidade e expectativa de vida, mas também causam
sobrecarga nos sistemas de saude (Nowotny et al., 2015).

Classicamente, o0 DM tem sido dividido em trés principais subtipos: DM tipo 1
ou insulino-dependente, DM tipo 2 ou insulino-independente, e DM gestacional. O DM
tipo 1 representa cerca de 10-15% dos casos de DM, e apresenta um risco de
predisposicdo genética relativamente baixo, afetando 3%, 5% e 8% das criancas cuja
mde, pai ou irmaos apresentem a sindrome, respectivamente (Pociot & Lernmark,
2016). Por outro lado, 0 DM tipo 1 estd fortemente relacionado com a presenca dos
haplotipos HLA-DR3-DQ2 e HLA-DR4-DQ8, sendo que mais de 90% das criancas
com DM tipo 1 apresentam esses hapldtipos em conjunto ou isolados (Pociot &
Lernmark, 2016). Assim, o desencadeamento do DM tipo 1 da-se por interacGes
multifatoriais entre predisposicao genética e fatores ambientais.

Entre os fatores ambientais propostos, pode-se destacar infeccdes, fatores
dietéticos, poluicdo, vacinas, ambiente familiar e estresse (Butalia et al., 2016). Nesse
contexto, a fisiopatologia conhecida até 0 momento para o desenvolvimento do DM tipo
1 envolve diferentes niveis de ataque autoimune as células B-pancreaticas, mediado por
um desencadeador ambiental conhecido ou idiopéatico (Butalia et al., 2016; Pociot &
Lernmark, 2016). Esse ataque autoimune resulta na destruicdo em massa dessas células
levando a falha total ou quase total da producdo de insulina, com consequente
hiperglicemia que, se ndo tratada, pode ser fatal (Butalia et al., 2016; Pociot &
Lernmark, 2016; IDF, 2017).

Ja o DM tipo 2 representa em torno de 90% dos casos de DM diagnosticados,
sendo a predisposicao genetica (historico familiar de DM tipo 2) um importante fator de
risco, especialmente quando associado com fatores ambientais (Kahn et al., 2014; IDF,
2017). Entre os fatores ambientais mais determinantes estdo a pratica de maus habitos
alimentares, aumento da circunferéncia abdominal e inatividade fisica (IDF, 2017). A
fisiopatologia do DM tipo 2 envolve, como primeiro evento, a resisténcia dos tecidos
insulinodependentes a insulina produzida, devido ao excesso de peso e inatividade fisica
em individuos geneticamente predispostos (Timper & Donath, 2012; Kahn et al., 2014).
Para compensar a resisténcia insulinica, as células B-pancreéaticas passam a secretar uma

qguantidade maior de insulina (hiperinsulinemia), o que atrasa o aparecimento dos
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sintomas em estégios iniciais (Timper & Donath, 2012). Porém, mais tardiamente, as
celulas produtoras de insulina entram em faléncia e a hiperglicemia passa a ser
diagnosticavel (Timper & Donath, 2012).

Em ambos os casos, a hiperglicemia persistente € um dos primeiros sinais
detectaveis na sindrome. Além disso, quando se torna crénica, a hiperglicemia causa um
aumento do estresse oxidativo que, por sua vez, resulta em dano a diversos 6rgaos e
tecidos como coracao, figado, rins, olhos, vasos e nervos (Maritim et al. , 2003; Maiese,
2015; Nowotny et al., 2015). Experimentalmente, esse conjunto de alteracBes pode ser
avaliado com o uso de modelos animais.

De fato, historicamente, diversos modelos animais tém sido utilizados para a
investigacdo das alteracGes patofisiolégicas do DM, assim como para O
desenvolvimento de novas alternativas terapéuticas para a sindrome (Al-awar et al.,
2016). Dentre as alternativas disponiveis, o DM pode ser induzido quimicamente
utilizando-se a toxina estreptozotocina (ETZ).

A ETZ é uma toxina sintetizada pela levedura Streptomyces achromogenes e foi
identificada como um potente indutor de hiperglicemia por causar a destruicdo das
células B-pancreédticas (Delfino et al. , 2002; Al-awar et al., 2016). A estrutura da ETZ,
similar a molécula de glicose, permite sua entrada livre nas células B-pancreéticas
através dos transportadores de glicose do tipo 2 (GLUT 2) e de forma insulino-
independente (Szkudelski, 2001; Al-awar et al., 2016).

Uma vez internalizada, a ETZ causa a morte das células B por alquilagdo do
DNA, ou seja, por interferir em etapas importantes da proliferacdo celular formando
ligacbes cruzadas com os filamentos de DNA que impedem a replicacdo das células
(Almeida et al. , 2005). Neste processo, também ocorre a formacdo e liberacdo de
espécies reativas de oxigénio (EROs). Em conjunto, essas duas situacdes resultam na
morte das células -pancreéticas e consequente incapacidade de se produzir insulina, o
que leva ao desenvolvimento de uma situagdo clinica similar ao DM tipo 1.

Adicionalmente a les@o das células B-pancreaticas, sabe-se que o dano causado
pela ETZ ou pela hiperglicemia secundaria a sua administragéo, é capaz de afetar outros
6rgédos como o figado (sitio de metaboliza¢do da ETZ e da homeostase de glicose) e rins
(sitio de excrecdo da ETZ e do excesso de glicose circulante) (Karunanayake et al. ,
1976, Maritim et al. , 2003; Kini et al., 2016).
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2.3. Estresse Oxidativo no Diabetes mellitus

Acredita-se que a hiperglicemia cronica no DM esteja envolvida na génese de
diversos eventos bioquimicos, os quais resultam em um desequilibrio entre a producéo
de EROs e a capacidade dos sistemas de defesa antioxidante em neutraliza-las,
resultando em um estado de estresse oxidativo (Halliwell & Gutteridge, 2000; Maiese,
2015). O estresse oxidativo foi primeiramente caracterizado por Helmut Sies, em 1985,
como um distdrbio potencialmente danoso no balango entre prooxidantes e
antioxidantes, em favor das espécies oxidantes (Sies, 2015; Pisoschi & Pop,2015).
Atualmente, este conceito foi reformulado para incluir o papel da sinalizagdo redox
neste desbalanco (Sies, 2015), como segue:

“Oxidative stress is an imbalance between oxidants and
antioxidants in favor of the oxidants, leading to a disruption of
redox signaling and control and/or molecular damage” (Sies,
2015).

As EROs, de uma forma geral, podem apresentar-se sob duas formas: como
radicais livres ou ainda como espécies reativas ndo-radicais (Pisoschi &Pop, 2015).
Radicais livres podem ser definidos como quaisquer moléculas ou fragmentos
moleculares que apresentem um ou mais elétrons desemparelhados no seu orbital mais
externo (Halliwell, 2001; Rochette et al., 2014). Esses elétrons desemparelhados
conferem um elevado grau de reatividade a estas moléculas (Rochette et al., 2014).

Entre os radicais livres, incluem-se o anion superoxido (O2™) e os radicais
hidroxil (OH"), peroxil (ROz"), alcoxil (RO") e hidroperoxil (HO2") (Halliwell, 2001).
Por outro lado, as espécies ndo-radicais, a exemplo do perdxido de hidrogénio (H20>) e
do acido hipocloroso (HOCI), ndo possuem elétrons desemparelhados, entretanto, sao
classificadas como espécies reativas devido a sua grande instabilidade (Halliwell &
Gutteridge, 2000).

Em condigBes fisiologicas normais, as EROs sdo geradas como produto da
reducdo do oxigénio molecular durante a respiracao celular em uma taxa proxima a 2%
do total de oxigénio consumido (Halliwell & Gutteridge, 2000). EROs também sdo
geradas em pequenas quantidades como sinalizadores celulares ou ainda em reagdes de
defesa contra patdgenos (Pisoschi & Pop, 2015). Entretanto, em condic¢des patoldgicas
pode ocorrer um aumento da producdo destas espécies, associada ou ndo a reducgéo das
defesas antioxidantes das células. De fato, a relacdo entre o aumento na producdo de

espécies reativas e muitas alteracdes patologicas ja estd bem estabelecida, sendo que o
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estresse oxidativo pode estar implicado na génese de mais de 200 doengcas humanas,
entre elas, o DM (Halliwell, 2005; Nowotny et al., 2015).

Nesse contexto, estudos clinicos em humanos e com modelos animais tém
demonstrado que a injuria que determina a morte celular no DM ¢€ resultado do aumento
da liberagdo de EROs (Maritim et al., 2003; Maiese, 2015). Uma vez formadas, as
EROs causam a deplecao dos sistemas de defesa antioxidante, tornando os tecidos mais
susceptiveis ao dano oxidativo (Niedowicz & Daleke, 2005). Especificamente no DM,
as maiores fontes de estresse oxidativo incluem os processos de auto oxidacdo da
glicose, superproducdo de EROs pela mitocondria, glicagdo ndo enzimatica com a
formagdo dos “Advanced Glycation End Products’ (AGEs) e aumento da atividade da
via dos poliois (Kassab & Piwowar, 2012; Rochette et al, 2014) (Figura 1).

A auto oxidacdo da glicose € umas das principais fontes de radicais livres
(Maritim et al., 2003). Nesse processo, a glicose, em sua forma enediol, é oxidada em
uma reacdo metal-dependente que forma cetoaldeidos reativos e Oze- (Maritim et al.,
2003). Apods dismutacdo pela SOD, o Oze- é convertido em H20., Na auséncia de
peroxidades e na presenca de metais de transicdo, o H20. pode participar da formacao
de espécies extremamente reativas, como o OHe, através da reacdo de Fenton (Maritim
et al., 2003). Ja 0 Oze- pode reagir com éxido nitrico, formando radicais peroxinitritos.
A glicose em excesso também promove a oxidacdo de lipoproteinas de baixa densidade,
por uma via dependente de O.e-, promovendo uma geragdo em cascata de outros

radicais livres (Maritim et al., 2003).

Diabetes mellitus

1 Via dos
poliois

Auto
oxidacdo da
glicose

1 EROs

| . .
| mitocondrial |

Estresse Oxidativo

Figura 1: Vias de estresse oxidativo no Diabetes mellitus



24

Na via dos poliois, a aldose redutase converte glicose em sorbitol as custas da
coenzima nicotinamida adenina dinucleotidio fosfatada reduzida (NADPH). O fluxo
aumentado de glicose pela via dos poliois leva a formacao excessiva da forma oxidada
da NADPH (NADP), com consequente aumento da oxidacdo da glutationa (GSH),
requerida para a reducéo da NADP (Kassab & Piwowar, 2012; Hopps & Caimi, 2013;
Rochette et al, 2014). A deplegéo de GSH, por sua vez, acaba por interferir na atividade
das enzimas glutationa redutase e glutationa peroxidase (GPx), tornando as células mais
susceptiveis ao dano oxidativo (Rochette et al, 2014).

Os AGEs (produtos finais de glicacdo avancgada), por sua vez, Sd0 um grupo
heterogéneo de agregados proteicos, formados a partir da reacédo de Maillard (glicacéo
ndo-enzimatica de grupamentos amino de proteinas), e em maior quantidade sob
condicdes hiperglicémicas (Madian & Regnier, 2010; Nowotny et al., 2015; Zilace &
Shirali, 2016). Nesse contexto, a glicacdo ndo enzimética ocorre quando acucares
redutores reagem com aminas ou com grupos aminoacidos basicos de acidos nucleicos,
sem mediacdo de enzimas (Zilaee & Shirali, 2016). Durante o processo de formacéo dos
AGEs, EROs também sdo geradas provocando um ciclo de autoperpetuacdo (Kassab &
Piwowar, 2012).

Dentre os AGEs mais comumente encontrados, estdo os compostos carbonil
altamente reativos glioxal e metilglioxal, formados durante todas as etapas da reacdo de
Maillard, assim como por intermediarios ou subprodutos da auto oxidacdo da glicose,
peroxidacdo lipidica ou da via dos poliois (Nowotny et al., 2015). Mesmo que a
oxidacdo ndo seja sempre necessaria, muitos AGEs sdo formados por uma combinagdo
de oxidacdo e glicacdo, formando produtos de glicoxidacdo, especialmente durante
situacbes que envolvem hiperglicemia e estresse oxidativo (Hopps & Caimi, 2013;
Nowotny et al., 2015). Assim, no DM, a formagdo de AGEs é acelerada devido a soma
de fatores favoraveis. Uma vez formados, os AGES acumulam-se em diversos tecidos, o
que tem sido correlacionado com o aparecimento das complicagGes decorrentes do DM,
especialmente retinopatia, neuropatia e faléncia renal (Hopps & Caimi, 2013; Nowotny
et al., 2015).

Nesse contexto, estudos anteriores ja demonstraram que elevadas concentragdes
de glicose sdo capazes de lesar oxidativamente eritrocitos humanos in vitro, levando ao
aumento da peroxidacdo lipidica (Salgueiro et al., 2013; Pazzini et al., 2015). Ensaios

com modelos animais demonstraram aumento da lipoperoxidacdo no cerebro, figado e
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rins de camundongos hiperglicémicos, assim como reducgédo da atividade da enzima &-
aminolevulinato desidratase (6-ALA-D), e nos sistemas de defesa antioxidante de uma
forma geral (Folmer et al., 2002; Folmer et al.,2003; Maritim et al., 2003; Pisoschi
&Pop, 2015). Da mesma forma, o estresse oxidativo no DM esta relacionado a um
aumento nos niveis de proteinas oxidadas, as quais apresentam-se diretamente
envolvidas na fisiopatologia das complicacGes diabéticas (Hopps & Caimi, 2013). Em
conjunto, esses dados revelam a importancia do estresse oxidativo no desenvolvimento
das alteracdes bioquimicas relacionadas ao DM, assim como a relevancia da busca por

novas alternativas terapéuticas, especialmente a terapia com antioxidantes.

2.3.1. Resposta Antioxidante Celular

O estresse oxidativo € uma condicdo dindmica que pode levar a alteracdes na
expressao e funcdo de proteinas, provocar danos a lipidios e lesdes ao DNA e, por
consequéncia, desencadear disfuncdo e morte das células (Rochette et al., 2014;
Pisoschi &Pop, 2015). Assim, devido ao ambiente celular ser altamente propenso a acao
de oxidantes, a maquinaria celular é equipada com poderosos sistemas de defesa
antioxidantes, capazes de prevenir a formacdo de EROs, ou ainda capturar e neutralizar
EROs ja formadas (Pisoschi &Pop, 2015). Outra tarefa da maquinaria de defesa
antioxidante da célula é a "reparacdo" de estruturas ja danificadas ou sua degradacéao
controlada (Nowotny et al., 2015; Pisoschi &Pop, 2015). Para isso, de uma forma geral,
podem ser definidas trés linhas de defesa antioxidante celular, incluindo defesas
enddgenas e exdgenas (Figura 2).

A primeira delas contém antioxidantes de baixo peso molecular, que podem
neutralizar de forma direta espécies reativas diversas, prevenindo o dano a biomoléculas
(Nowotny et al., 2015). Nessa linha, encontram-se antioxidantes tais como as vitaminas
C e E, os carotenoides, os flavonoides e a glutationa (GSH). Entre esses, o mais
importante e abundante antioxidante celular de baixo peso molecular ¢ a GSH,
responsavel por determinar o estado redox da célula, definido como a razdo entre a
forma oxidada da GSH (GSSG) e sua forma reduzida. Em condicGes fisioldgicas
normais, essa razao é proxima a 1:1000 (GSSG:GSH), o que proporciona um ambiente
celular altamente redutor (Nowotny et al., 2015).

A segunda linha de defesa inclui os antioxidantes enzimaticos, responsaveis pela

conversdo de espécies altamente reativas em produtos pouco reativos ou inertes. Essa



26

linha inclui as enzimas superoxido dismutase (SOD) em suas isoformas cobre/zinco
SOD, manganés SOD ou ainda SOD extracelular, bem como a enzima catalase (CAT).

Essas enzimas atuam em consonancia, sendo a SOD responsavel pela
decomposicdo da espécie altamente reativa 02 em H.O,. Ja a CAT, localizada nos
peroxissomas, atua na decomposi¢do do H202 em &gua e oxigénio (Pisoschi &Pop,
2015). Outras enzimas que atuam na segunda linha de defesa antioxidante incluem as
glutationas peroxidase (GPx) e redutase, as tranferrinas e as peroxirredoxinas (Nowotny
etal., 2015).

A terceira e Ultima linha de defesa antioxidante celular inclui componentes
responsaveis pela recuperacdo de biomoléculas oxidativamente danificadas, ou ainda
por promover a degradacdo dos componentes irreversivelmente danificados. Nesses,
incluem-se os proteassomas, proteases, lipases, DNAses e RNAses (Nowotny et al.,
2015; Pisoschi &Pop, 2015).

Em suma, a acdo conjunta destes sistemas de defesa € fundamental para a
protecdo celular adequada contra os danos oxidativos. Por outro lado, a regulacdo
génica da expressdo destes componentes possui papel primordial no efetivo
funcionamento desse processo. No contexto da regulacdo génica da resposta
antioxidante celular, o fator de transcricio NF-E2-related nuclear factor erythroid-2
(Nrf2) desempenha papel de destaque por controlar a resposta antioxidante, sendo
essencial para a manutencdo da homeostase redox (Jiang et al. , 2010; Sies, 2015).

De fato, segundo Lee & Johnson (2004), o Nrf2 é um possivel alvo para estudo
em doencas em que 0 estresse oxidativo estd envolvido, e ja foi demonstrado que este
gene tem importante papel na protecdo hepatica apds intoxicacdo com acetaminofeno
(Chan et al., 2001), além de proteger as células contra a apoptose induzida por diversas
vias (Lee & Johnson, 2004). Assim, em situacdes de estresse oxidativo o fator de
transcricdo Nrf2 é capaz de deslocar-se do citoplasma para o nicleo e interagir com o
elemento de resposta antioxidante (ARE) aumentando assim a expressdo de genes
antioxidantes, tais como o da GSH e das enzimas SOD, CAT, GPx e NADPH quinone
oxidoreductase 1 (NQO-1) (Ma, 2013, Xu et al. , 2014).

A NQO-1 por sua vez, € uma enzima conhecida por sua acéo detoxificante. Essa
enzima apresenta a habilidade de reduzir quinonas reativas em compostos pouco
toxicos, como hidroguinonas (Siegel et al. , 2004). Além disso, ja foi demonstrado que a

NQO-1 apresenta um importante papel como scavenger do radical superdxido (Siegel et
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al., 2004), e que sua deficiéncia, em camundongos knockout, leva a um aumento da
morte das células B-pancreaticas causada por ETZ (Yeo et al., 2013).

Além do Nrf2, outro fator parece estar envolvido na resposta antioxidante
celular: o Heat Shock Factor 1 (HSF-1). Sob condi¢6es normais, o HSF1 reside de
forma inativa no citoplasma celular ligado & Heat Shock Protein 90 (Hsp90). No
entanto, em condicdes de estresse, 0 HSF1 dissocia-se do complexo Hsp90, aumentado
assim sua propria expressao e também a expressdo da chaperona Heat Shock Protein 70
(Hsp70) que tem por funcdo reparar possiveis danos causados as proteinas celulares
durante a situacéo estressora (Zhang et al. , 2011; Zilaee & Shirali, 2016). Em ratos com
DM tipo 1 foi observada uma inibicdo na expressdo da HSF-1 e da Hsp70 em diversos
tecidos (Zilaee & Shirali, 2016). Por outro lado, a superexpressao da Hsp70 no DM esta

associada com aumento generalizado da inflamacdo tecidual (Zilaee & Shirali, 2016).
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Figura 2: Resumo das principais linhas de defesa antioxidante celular. Adaptado de
Nowotny et al. (2015)

2.3.2. Marcadores de Dano Oxidativo
Quando ocorre uma superproducdo de EROs associada a uma faléncia nos

sistemas de defesa antioxidante, uma série de danos oxidativos podem ser identificados
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em diferentes 6rgdos e tecidos. Entre os marcadores passiveis de avaliacdo, pode-se
citar a avaliacdo da atividade das enzimas antioxidantes SOD e CAT, dos niveis de
GSH, de proteinas carboniladas e de peroxidacdo lipidica, além da avaliacdo da
expressao de fatores relacionados com a regulacdo génica das defesas antioxidantes.

O tripeptideo glutationa (g-L-glutamil-L-cisteinil-glicina), em sua forma
reduzida (GSH), é o principal antioxidante intracelular, e pode ser encontrado em
concentracdes proximas de 10 mM (Maritim et al., 2003; Pisoschi & Pop, 2015). Além
de fazer a neutralizacdo direta de radicais livres, a GSH atua como cofator de muitas
enzimas tanto antioxidantes, quanto de detoxificacdo de xenobidticos (Maritim et al.,
2003; Pisoschi & Pop, 2015). Variagdes nos niveis de GSH sdo comumente encontradas
em situacOes de estresse oxidativo, e podem refletir o status redox dos tecidos avaliados.
Experimentalmente, os niveis de GSH podem ser avaliados através do ensaio proposto
por Ellman em 1959. Neste ensaio, a reacdo da GSH com o acido 5,5’-ditio-bis-(2-
nitrobenzoico) (DTNB), em condicOes de tamponamento ideais, gera o &cido 2-nitro-5-
mercapto-benzéico (TNB) de cor amarela, que pode ser quantificado
espectrofotometricamente (Ellman, 1959).

A peroxidagdo lipidica é outro importante marcador de dano oxidativo, visto que
os lipidios sdo particularmente vulnerdveis a oxidacdo, sendo 0s componentes de
membrana, os glicolipidios e o colesterol importantes alvos de radicais livres (Rochette
et al., 2014; Pisoschi &Pop, 2015). Fisiologicamente, a oxidacdo de lipidios de
membrana causa alteracdo da estrutura e fluidez das mesmas, fazendo com que a célula
perca a capacidade de seletividade (Rochette et al., 2014), o que pode desencadear a
morte celular. Durante o processo de peroxidacdo, uma série de produtos sdo liberados,
entre eles o malondialdeido (MDA). Experimentalmente, os niveis de MDA podem ser
quantificados espectrofotometricamente através de sua reagdo com o &cido
tiobarbiturico (TBA) em pH baixo e temperatura alta, através do método proposto em
1979 por Ohkawa e colaboradores.

Outras biomoléculas extensivamente susceptiveis ao dano oxidativo sdo as
proteinas, sendo que o acimulo de proteinas carboniladas tem sido observado em varias
doengas humanas, incluindo DM (Hopps & Caimi, 2013). Nesse sentido, a carbonilacéo
pode ser definida como um processo pos-translacional irreversivel de modificacdo

proteica induzida por EROs e outras espécies reativas (Madian & Regnier, 2010).
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No contexto da avaliacdo dos danos oxidativos, o uso de proteinas carboniladas
como biomarcadores tem algumas vantagens em relagdo a outros marcadores, visto que
sdo formadas em estagios mais precoces e sdo mais estaveis (Dalle Donne et al., 2003;
Hopps & Caimi, 2013). De fato, é sabido que a degradacéo de proteinas na célula ocorre
de forma mais lenta do que outras biomoléculas, podendo levar de horas a dias,
enquanto que os produtos da peroxidacéo lipidica sdo detoxificados em poucos minutos
(Dalle Donne et al.,, 2003). Além disso, a estabilidade quimica das proteinas
carboniladas permite o armazenamento das amostras a serem analisadas por até trés
meses a 80 °C (Dalle Donne et al., 2003).

Uma diversidade de EROs e outras espécies sdo capazes de danificar
oxidativamente proteinas (Pisoschi & Pop, 2015). Além disso, a carbonilacdo de
proteinas pode ocorrer por aldeidos, como 4-hydroxy-2-nonenal, MDA e 2-propenal,
produzidos durante a peroxidacdo lipidica (Madian & Regnier, 2010; Hopps & Caimi,
2013). Outra fonte de oxidacdo de proteinas sdo os produtos carbonil-derivados como as
cetoaminas e cetoaldeidos, gerados pelas reacBes com agucares redutores, ou ainda por
glicacdo e/ou glicoxidacdo diretas, com eventual formacdo de AGEs (Dalle-Donne et
al., 2003; Madian & Regnier, 2010).

No DM as proteinas carboniladas podem ser identificadas precocemente, e estdo
diretamente relacionadas com o controle glicémico e o desenvolvimento de
complicacdes vasculares (Hopps & Caimi, 2013). Experimentalmente, os niveis de
proteinas carboniladas podem ser avaliados espectrofotometricamente ap6s sua
derivatizagdo com 2,4-dinitrofenilhidrazina, conforme ensaio proposto em 1990 por
Levine e colaboradores.

Notadamente, os niveis de peroxidacdo lipidica e de proteinas carboniladas
podem refletir de forma indireta os niveis de EROs (Maritim et al., 2003). Outra forma
indireta de estimar-se 0s niveis de EROs e outras espécies reativas é avaliando,
fluorimetricamente, a oxidacdo da diclorofluoresceina (DCFH-DA), através de ensaio
proposto por Myhre et al. (2003).

Da mesma forma, a avaliacdo da atividade das enzimas antioxidantes SOD e
CAT permite inferir o status antioxidante dos tecidos. Isoformas da SOD podem ser
encontradas no nucleo e citoplasma celulares, assim como nas mitocéndrias e no liquido
extracelular (Maritim et al., 2003). A SOD catalisa a conversdo do Oze- em H203, que,

na sequéncia, é convertido pela CAT em HO (Pisoschi & Pop, 2015).
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Experimentalmente, diversos ensaios foram propostos para avaliagdo da cinética destas
enzimas, a exemplo dos propostos por Aebi em 1984, para avaliacdo da atividade da
CAT e por Kostyuk & Potapovich em 1989 para avaliacdo da atividade da SOD.

Adicionalmente, a regulacdo génica da resposta antioxidante pode ser avaliada
observando-se 0s niveis de proteinas de marcadores especificos, por técnicas de
immunoblotting. Entre os marcadores possiveis de serem avaliados, estdo o fator de
transcricdo Nrf2, responsavel por aumentar a expressdo de GSH, SOD e CAT, entre
outros, e a chaperona Hsp70 (Nguyen et al., 2009).

Além dos marcadores acima elencados, outro indicador de estresse oxidativo que
pode ter sua atividade avaliada é a enzima 6-ALA-D. Embora ndo seja uma enzima
antioxidante, a 6-ALA-D é um bom biomarcador de estresse oxidativo por ser altamente
sensivel a agentes oxidantes. Isso ocorre devido a presenca de grupamentos sulfidricos
em sua estrutura que, quando oxidados, fazem com que a enzima tenha sua atividade
alterada (Caballero et al., 1998; Folmer et al., 2002; Folmer et al., 2003).

Nesse sentido, sabe-se que a oxidacdo de grupamentos tiois por EROs ou outras
espéecies podem modificar de forma significativa a estrutura e funcdo das proteinas
(Hopps & Caimi, 2013). Além disso, muitos estudos tém demonstrado que a atividade
da 5-ALA-D é reduzida em condicdes hiperglicémicas, e que isso esta especialmente
relacionado ao aumento do estresse oxidativo (Caballero et al., 1998; Folmer et al.,
2002; Folmer et al., 2003).

Outras condi¢des como remoc¢do do zinco do sitio catalitico e a oxidagédo
proteica (carbonilacdo) também podem ser determinantes para a reducdo ou perda da
atividade da §-ALA-D (Caballero et al., 1998; Folmer et al., 2002; Folmer et al., 2003).
A avaliacdo espectrofotométrica da atividade dessa enzima foi proposta por Sassa em
1982, e baseia-se no acompanhamento da conversdo do &cido aminolevulinico em
porfobilinogénio em condicdes de pH e tempo especificas para cada tecido.

Em conjunto, a avaliagdo destes biomarcadores é de grande utilidade para
determinacéo do papel do estresse oxidativo na patofisiologia e progressao de diversas
doencas humanas, assim como do papel de terapias antioxidantes no enfrentamento das

mesmas.
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2.4. Plantas Medicinais Como Fonte Exdgena de Antioxidantes

O efeito protetor de antioxidantes exdgenos tem sido muito estudado in vitro e
em modelos animais nos ultimos anos, e surge como uma alternativa de tratamento para
as diferentes doencgas em que o estresse oxidativo estd aumentado. De fato, acredita-se
que a suplementagdo com antioxidantes exdgenos pode melhorar a capacidade do
organismo em conter o estresse oxidativo quando as defesas enddgenas ndo sdo
suficientes (Pisoschi & Pop, 2015).

Nesse contexto, antioxidantes podem ser definidos como quaisquer substancias
que, quando presentes em baixas concentragdes, retardam ou inibem significativamente
a oxidacdo de um substrato (Gutteridge & Halliwell, 2010; Pisoschi &Pop, 2015).
Assim, com base na atividade dos antioxidantes, tanto EROs quanto outras espécies
reativas sdo constantemente inativadas, atraves de diferentes mecanismos, de forma a
impedir o dano oxidativo subjacente (Gutteridge & Halliwell, 2010).

Entre os antioxidantes exdgenos mais estudados, podemos citar aqueles
derivados de plantas, tais como os polifenois. Esses compostos constituem um grupo de
metabolitos secundarios das plantas, que sdo sintetizados durante o desenvolvimento
normal da planta ou em resposta a estressores como radiagédo ultravioleta e agresséo por
patégenos (Corradini et al., 2011).

Nas ultimas décadas, o interesse pelos potenciais beneficios do consumo de
polifenois como antioxidantes tem aumentado. Isso porque diversos estudos tém
sugerido que o consumo a longo prazo de dietas ricas em polifenois oferece protegédo
contra o desenvolvimento de céncer, doencas cardiovasculares, DM, entre outros
processos patoldgicos onde o estresse oxidativo esteja envolvido (Arts & Hollman,
2005; Pisoschi &Pop, 2015). Além disso, no caso do DM, os polifenois podem atuar
sobre a glicemia por diferentes mecanismos, incluindo a inibigdo da absorcao intestinal
de glicose (Pandey & Rizvi, 2009).

Os polifenois constituem um grupo numeroso de metabolitos secundarios, sendo
gue mais de 8.000 variedades ja foram identificadas em diversas espécies de plantas
(Pandey & Rizvi, 2009). Esses compostos sdo classificados em diferentes grupos, em
fung@o do nimero de anéis fenolicos que contém e com base nos elementos estruturais
que ligam estes anéis um ao outro (Pandey & Rizvi, 2009). As principais classes
incluem é&cidos fendlicos, flavonoides e lignanas. Entre esses, os flavonoides sdo 0s

mais estudados.
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Flavonoides sdo compostos de baixo peso molecular com mais de 6.500
variedades conhecidas, muitas responsaveis por fornecer cores atrativas a flores, frutos e
folhas (Beckman, 2000; Corradini et al., 2011). Esses compostos sdo facilmente
disponiveis no reino vegetal e possuem particular importancia por seu potencial
antioxidante, podendo proteger os componentes biologicos do estresse oxidativo
(Corradini et al., 2011). As propriedades antioxidantes destes fitoquimicos sdo

atribuidas especialmente:

» A sua capacidade de doar elétrons ou atomos de hidrogénio, estabilizando os
radicais livres. Nessa reagdo, os flavonoides oxidados formam radicais estaveis e
menos reativos (Nijveldt et al., 2001; Corradini et al., 2011).

Flavonoide (OH) + R®* — Flavonoide (O°®) + RH

» A sua capacidade de quelar metais, evitando sua participacdo em rea¢6es como a
de Fenton (Nijveldt et al., 2001; Pandey & Rizvi, 2009).

H202 + Fe?* (Cu*) — *OH + OH" + Fe?* (Cu?*)

» A sua capacidade de inibir a acdo de enzimas responsaveis pela producdo de

Ooe¢-, como a xantina oxidase (Nijveldt et al., 2001; Corradini et al., 2011).

Essas carateristicas explicam em parte o grande interesse farmacoldgico pelos
flavonoides. As subclasses de flavonoides incluem flavonol, flavanol, flavanona,
flavona, isoflavona e antocianina (Pandey & Rizvi, 2009; Pisoschi &Pop, 2015).
Diferencas individuais dentro de cada grupo surgem a partir da variagdo no nimero e
disposicdo dos grupos hidroxila (Corradini et al., 2011) e estdo exemplificadas na

Figura 3.
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Figura 3: Classes de flavonoides. Adaptado de Pandey & Rizvi (2009)

Ainda, é importante destacar que as plantas medicinais fornecem misturas
complexas de polifenois e flavonoides, e que o perfil fendlico é vastamente afetado
pelas condi¢des ambientais adjacentes, como tipo de solo, exposicdo solar e quantidade
de chuvas (Pandey & Rizvi, 2009). Assim, € cabivel considerar que uma mesma planta,
localizada em regides geograficas diferentes, pode apresentar contelido e variacdo de
compostos fenolicos proprias das condi¢cdes em que se desenvolve.

Além disso, o perfil fendlico e a capacidade antioxidante também variam de
acordo com a época de colheita (fendis estdo em menor quantidade durante a maturagédo
da planta), a parte da planta utilizada (partes aéreas apresentam maior concentracao de
fendis), e o tipo de extracdo realizada (Beckman, 2000; Pandey & Rizvi, 2009;
Corradini et al., 2011).

2.5. Predicdo de Atividade Farmacologica, Toxicidade e Potencial Antioxidante de
Plantas

Uma diversidade de conhecimentos de base empirica sobre as propriedades de
plantas consideradas medicinais foi acumulada ao longo dos séculos na medicina

tradicional. Atualmente, é possivel dar bases cientificas a esse conhecimento, utilizando
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abordagens experimentais computacionais, a exemplo dos estudos in silico das
propriedades ADMET (absorcao, distribuicdo, metabolismo, excrecdo e toxicidade), e
da predicédo de propriedades farmacologicas de compostos isolados de plantas.

Em primeira instancia, a avaliacdo in silico consiste no uso de bioinformatica ou
simulacdo computacional para determinar as possiveis interacdes de compostos
quimicos com os sistemas bioldgicos. Essa abordagem emerge como uma alternativa
economicamente vidvel e eticamente adequada para selecdo de moléculas de interesse
farmacologico. Nesse contexto, a avaliagdo in silico de compostos consiste no uso de
softwares ou plataformas online para determinar possiveis atividades bioldgicas de
compostos, sendo que atualmente existe uma série de plataformas com acesso
licenciado ou livre.

Dentre as alternativas disponiveis para a avaliacdo das propriedades ADMET
estto as plataformas OSIRIS® Property Explorer  (http://www.organic-
chemistry.org/prog/peo/), ACD/Labs team® (Toronto, Canada), admetSAR (Cheng et
al., 2012), pkCSM (Pires et al., 2015) e PreADMET (https://preadmet.bomdrc.kr/). Ja

para a predicdo das atividades farmacoldgicas a plataforma “Prediction of Activity

Spectra for Substances” (PASS) online (http://www.pharmaexpert.ru/passonline/),

destaca-se como uma excelente alternativa.

Nestas plataformas, a predicdo de toxicidade é baseada em comparagdes com
substancias sabidamente mutagénicas no teste de Ames, conhecidamente cardiotdxicas
no teste de inibicdo dos canais de potassio (teste de hERG), tdxicas para o sistema
reprodutivo no teste de afinidade com receptores estrogénicos, e irritantes para a pele e
olhos no teste de Draize.

O teste de Ames baseia-se na capacidade de uma molécula em induzir mutagéo
reversa em cepas de bactérias, sendo um dos pontos mais importantes na avaliacdo da
seguranca de compostos (Xu et al., 2012). No pkCSM, a precisdo para o teste de Ames
estd estimada em 83,8% (Pires et al.,, 2015). Na avaliacdo da cardiotoxicidade,
investiga-se a capacidade de compostos em inibir receptores do tipo hERG.

Sabe-se que substéncias inibidoras de hERG podem desencadear arritmias
ventriculares fatais, sendo que uma grande quantidade de drogas ja foi retirada de
ensaios clinicos ou do mercado devido as mortes associadas a inibi¢do destes receptores

(Rosa et al., 2016). Da mesma forma, drogas com afinidade para receptores estrogénicos
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estdo relacionadas com toxicidade para o sistema reprodutivo e maiores chances de
desenvolvimento de cancer de mama (Ali & Coombes, 2000).

De uma forma geral, todas essas plataformas baseiam-se em bancos de dados ou
bibliotecas com fragmentos de compostos ja conhecidos e, por similaridade, se utilizam
de algoritmos para determinar as caracteristicas do composto em avaliagdo. Nesse
contexto, alguns programas utilizam-se da determinagdo de relagdo estrutura-atividade
para relacionar a estrutura fisico-quimica de uma molécula com suas possiveis funcoes
bioldgicas (Cheng et al., 2012). Desta forma, a partir das predicdes in silico, é possivel
selecionar compostos de interesse para testes in vitro e in vivo, uma vez que essas séo
abordagens complementares e interdependentes (Figura 4).

Na abordagem in vitro, diversos ensaios podem ser empregados na avaliacdo da
atividade antioxidante de extratos obtidos de plantas. Entre esses, € possivel empregar
ensaios para avaliacdo da capacidade dos extratos em reduzir diferentes substratos.
Entre os ensaios mais comumente utilizados, estdo o de avaliagdo da capacidade
antioxidante total, proposto por Prieto & Aguilar (1999), que avalia a reducdo do
molibdénio (V1) a molibdénio (V), ocorrida na presenca de compostos com capacidade
antioxidante. Outro método similar, baseia-se na avaliacdo do potencial de redugédo do
Fe3* a Fe?" na presenca de antioxidantes (Pulido et al., 2000). A capacidade de reduzir
diretamente radicais pode também ser avaliada nos ensaios de reducdo dos radicais 1,1-
diphenyl-2-picrylhydrazyl (DPPH") proposto por Choi et al. (2002) e 2,2'-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS™) proposto por Re et al. (1999).

Em relacdo a avaliacdo in vitro da seguranca de extratos e compostos naturais, 0
arsenal para investigacdo de toxicidade inclui testes para andlise do potencial
genotoxico e determinacdo de doses toxicas, como a dose letal para metade de uma
populacdo de nauplios de Artémia salina. De fato, o ensaio de determinacdo da DLso
com nadplios de A. salina é considerado préatico, barato, simples e confiavel, sendo
ainda uma importante ferramenta na triagem de rotina de plantas (Rosa et al., 2016).

Este ensaio, proposto por Meyer e colaboradores em 1982, apresenta ainda uma
elevada correlacdo com ensaios de toxicidade em modelos filogeneticamente superiores
(Logarto Parra et al., 2001). J& a avaliagdo do dano ao DNA, atraves do ensaio de
cometa com linfécitos humanos, € um método eficaz para a investigacdo do potencial
genotoxico de novos quimicos e genotoxinas em células eucariéticas (Singh et al., 1988;
Collins, 2004).
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Em conjunto, todos os testes aqui mencionados séo de grande utilidade para o
screening de extratos e ou compostos isolados de extratos com atividades

farmacoldgicas de interesse, a serem testados in vivo.

{entificasso Identificacdo dos
etnofarmacologica Preparo do extrato o(t::r?;?;f;(;te
da espécie vegetal FOlENE

bioativos
l |
AVEHAHD dnsilicd o Avaliacdo in vitro
dos compostos Possibilidades!!! ¢
l |
Avaliagées in vivo e
ex vivo

Figura 4: Percurso metodolégico para selecdo e avaliagdo de plantas medicinais e seus

compostos isolados.
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3. OBJETIVOS

Geral

Investigar quais plantas sdo utilizadas por pessoas com Diabetes mellitus na

cidade de Uruguaiana/RS e avaliar os efeitos antidiabéticos, antioxidantes e

toxicolégicos destas

Especificos

Conhecer as plantas consideradas medicinais utilizadas por pessoas com
Diabetes mellitus na cidade de Uruguaiana/RS (Manuscrito 1);

Investigar as formas de preparo e uso das plantas citadas (Manuscrito 1);
Averiguar in silico a predicdo antidiabética para os principais fitoconstituintes
das plantas mais utilizadas (Manuscrito 1);

Analisar a composi¢cdo quimica das plantas “pata-de-vaca” e “macela”,
preparadas de acordo com a forma popular de utilizacdo, através de
cromatografia liquida de alta performance (HPLC) (Manuscrito 2; Artigos 1 e
2);

Avaliar in silico as predi¢cBes farmacoldgicas e toxicoldgicas dos principais
componentes quimicos identificados nas plantas “pata-de-vaca” e “macela”
(Manuscrito 2; Artigo 2);

Determinar in vitro a atividade antioxidante da infusdo das plantas “pata-de-
vaca” e “macela” (Manuscrito 2; Artigo 2);

Investigar os efeitos do tratamento com a infusdo de “pata-de-vaca” sobre a
glicemia e sobre os marcadores de estresse oxidativo (DCF-RS, TBA-RS,
carbonilacdo de proteinas, niveis de tiois, e atividade das enzimas 6-ALA-D,
SOD e CAT) em eritrécitos e no figado de camundongos com DM induzido por
ETZ (Manuscrito 2; Artigo 1);

Avaliar ex vivo os efeitos do tratamento com a “pata-de-vaca” sobre a expresséo
proteica dos marcadores de estresse oxidativo (Nrf2, NQO-1 e HSP70) no
figado e pancreas de camundongos com DM induzido por ETZ (Artigo 1);

Investigar a DLso e 0 potencial genotoxico da infusdo de macela (Artigo 2).
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4. RESULTADOS

Os resultados aqui apresentados estdo sob a forma de dois Manuscritos
Cientificos e dois Artigos Cientificos. Os manuscritos serdo submetidos para avaliagdo
e publicacdo em revistas especializadas com Qualis CAPES. Os artigos cientificos
foram publicados no ano de 2016 nas revistas “Oxidative Medicine and Cellular
Longevity” (Artigo Cientifico 1) e “Journal of Ethnopharmacology” (Artigo
Cientifico 2).
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ABSTRACT

Medicinal plants are widely used by persons with Diabetes mellitus (DM).
Currently, there are several ways to evaluating the medicinal power of plant
phytoconstituents. In silico evaluations consists in bioinformatics use to predict the
compounds biological behavior. Thus, this study aimed: i) to investigate the use of
medicinal plants for peoples with DM, as well as to know our health profile; ii) to
evaluate in silico the probably antidiabetic activity for main phytoconstituents of the
more used plants. A questionnaire was applied to persons with DM in order to know the
use of plants. In silico predictions for antidiabetic activity was performed for the main
compounds identified by a literature review to the more utilized plants. “Prediction of
Activity Spectra for Substances” (PASS) platform was employed to perform in silico
evaluations. We interviewed 105 persons with DM, most women (73.34%). Overall
mean of age was 59.35 years, and 97.14% have type 2 DM. An evaluation of the routine
exams of the interviewees showed that they have a poor metabolic control. Among the
interviewees, 67.62% asserted make use medicinal plants. Main form of plant
preparation was infusion of leaves, and consumption in association with “mate” (a
typical beverage of southern Brazil). Most interviewees consume five or more cups of
infusion per day, and when consumed with the mate, 1.73 liters per day. Forty-six
medicinal plants were mentioned, being the most used "cow's paw" (Bauhinia) and
"jamboldo" (Syzygium cumini). Main objective reported for the plant use was blood
glucose reduction (69.01%). Phytoconstituents PASS analysis presents six compounds
with high antidiabetic prediction, especially vicenin-2, main phytochemical in
Passiflora genus (Pa = 0.822). Our data show that many plants are used in traditional
medicine, as a complementary treatment among persons with DM. Moreover, some
plants used present phytoconstituents with antidiabetic potential. These data can serve
as a basis for future investigations, with the objective of exploring in vitro and in vivo

the effects of these plants or its compounds as antidiabetic agents.

Keywords: Medicinal plants; Complementary medicine; Antidiabetic; In silico;

Bioinformatics.
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1. INTRODUCTION

Traditional (complementary or alternative) medicine is characterized by the
knowledge, skills and practices based on the theories, beliefs and experiences
indigenous to different cultures, used in the maintenance of health and/or in the
prevention, diagnosis, improvement or treatment of diseases (WHO, 2017).

In traditional medicine, many plants have been used empirically to treat
numerous pathological disorders, including Diabetes mellitus (DM) and its
complications. This use is related to folk culture that is diffused from generation to
generation and, currently, there is a wide variety of plants used for their possible
hypoglycemic effects (Trojan-Rodrigues et al., 2012; Arumugam et al., 2013).

In this context, DM is a group of metabolic alterations, resulting from disorders
in the mechanism of production and/or action of insulin, which ultimately lead to
hyperglycemia (ADA, 2010). Chronic hyperglycemia in DM is associated with several
dysfunctions as dyslipidemia, vasculopathy, neuropathy, retinopathy, nephropathy and
heart disease (IDF, 2017).

Prevalence surveys indicate that in 2015 there were 415 million people with DM
in the world (IDF, 2017). For the year 2040, estimations suggest that the number will
reach 642 million people. (IDF, 2017). Despite the high economic cost for DM
treatment ($ 673 billion in 2015), there is still a large part of the population without
access to pharmacotherapy, or even with the availability of drug treatment, seeking
treatment options in traditional medicine.

In fact, a variety of plants with possible antidiabetic effects is used in traditional
medicine. Agreeing with the popular use, about 800 plants have been identified with
antidiabetic effect (Arumugam et al., 2013), and more than 200 bioactive compounds
have been identified with this potential. Among these, we highlight the metformin, one
of the most used drugs for DM treatment. Metformin is a biguanide derivative of
galegine, compound with high hypoglycemic power isolated from Galega officinalis L.
(Fabaceae) (Witters, 2001). This plant was prescribed in traditional medicine from the
medieval times to treat polyuria, a classic DM symptom (Witters, 2001).

In this hand, it is known that the use of plants with medicinal power can be
associated with several health benefits (Arumugam et al., 2013; Lima et al., 2014;
Salgueiro et al., 2016a; Rosa et al., 2016). Additionally, Brazil has extremely rich in

flora and there is extensive use of plants in traditional medicine, but there is a consensus
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about the lack of ethnopharmacological studies to identify the most used species (Dutra
et al., 2016). Furthermore, many plants are employed without any preliminary
evaluation to confirm its popular use.

In this regard, our group has explored an online platform “Prediction of Activity
Spectra for Substances” (PASS). PASS is performed on structural activity relationship
(SAR) analysis of database containing more than 205,000 compounds exhibiting
approximately 3500 biological activities. In some cases, PASS accuracy exceeds 90%
(Ariffin et al 2014; Poroikov et al 2007).

Indeed, in silico techniques can be used to select phytochemical compounds, and
to test their adverse and pharmacological effects in early stages of medicinal plants
investigations (Kadir et al 2013; Singh et al. 2014). Furthermore, considering the
extensive use of plants in traditional medicine, this approach appears as an alternative
economically viable and ethically appropriate for planning in vivo experiments.

Based on the above, this study aimed to know the consumption patterns of
medicinal plants by a population with clinical diagnosis of DM. Furthermore, we aimed
to evaluate in silico the probably antidiabetic activity for main phytoconstituents

compounds of the more used plants.

2. MATERIALS AND METHODS
2.1. Study Design

Institutional Research Ethics Committee approved this study (CAAE
05027112.5.0000.5323) and all participants signed a consent form agreeing to
participate. The included participants had a clinical diagnosis of type 1 or type 2 DM,
and were cognitively able to understand and respond to questionnaire.

The selection of participants was made from the "snowball technique" (Snijders,
1992). Based on this technique, starting from a core of known respondents, new
elements are added indicated by members of the original sample (Figure 1). This

process is continued until the indicated start to repeat forming a kind of network.
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Researcher contact first participants
Participant 1 Participant 2 Participant 3
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Figure 1: Snowball technique design.

2.2. Questionnaire

The questionnaire consists of a semi-structured interview, applied by the

researchers, containing open and multiple-choice questions divided into four blocks:

i) Profile of the interviewed: in this block were investigated characteristics such
as gender, age, ethnicity, occupation, marital status and education.

i) DM features: in this block were investigated variables as the DM type, the
time of clinical diagnosis, the forms of treatment, as well as the lifestyle (diet, exercise,

alcohol or tobacco consumption) of the participants.

iii) Use of medicinal plants: in this block was investigated the use of medicinal
plants in order to improve the control of DM or its complications, as well as the

procedure of the plant preparation and the frequency of use.

iv) Health profile: in this block were evaluated the presence of foot lesions
(ulcers, wounds, infection, swelling in the foot or ankle, change in temperature or color,
fungal nail infections, skin rashes, corns, pain and feet sensibility), as well as previous
history of amputations.

Researchers using stethoscope and aneroid sphygmomanometer, following a

standardized procedure, measured blood pressure.
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Moreover, were analyzed blood glucose, glycated hemoglobin, total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides levels.
These analyses were performed in authorized laboratories by a medical doctor
solicitation. Only were evaluated the clinical tests performed until three months before

the interview.

2.3. Data Analysis

Descriptive analysis of the data obtained from interviews was performed using
program INSTAT (version 3.01). The results are reported as frequency, mean
standard deviation. For men and women metabolic profile comparison, we use unpaired

T test from GraphPad Prism (version 6).

2.4. Prediction of antidiabetic activity from compounds of most used plants

Prediction of antidiabetic activity from some of phytochemical compounds of
most used plants was performed using bioinformatics evaluation. The compounds
evaluated were selected based on scientific literature review for five most cited plants.
For each selected compound, the simplified molecular-input line-entry system
(SMILES) was submitted to the PASS program, available in
(http://www.pharmaexpert.ru/passonline/). PASS determinates predicted activity as
probable activity (Pa) and probable inactivity (Pi). Pa and Pi range between 0.000 and
1.000, where Pa > 0.7 indicates high probability to a particular property (more than
70%). Only values with Pa > Pi were considered. Briefly, data were interpreted as: (i)
Pa > 0.7 = high possibility to find the predicted activity experimentally; (ii) 0.5 < Pa <
0.7 = medium chance to find the activity experimentally; and (iii) Pa < 0.5 = the chance
to find the activity is weak and/or the structure is probably not similar to known

pharmaceutical agents (Singh et al., 2014).

3. RESULTS

3.1. Profile of the interviewed and DM features
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One hundred and five persons with DM were interviewed. Of these, 73.34%
were women with a mean age of 59.23 years. Among men (26.66%), the mean age was
61.32 years. Most of the respondents had 5-8 years of schooling (48.57%) and 32.38%

less than four years. As to occupation, most (40%) has declared retired (Table 1).

Table 1: Interviewed Profile

Variables N
Gender (Men/Women) 26.66% /73.34%  28/77
Mean of Age (Men/Women) 61.32 /58.63

Schooling years

0 - 4 years 32.38% 34
5 - 8 years 48.57% 51
9 or more years 19.04% 20

Marital Status

Married 56.19% 59
Widowed 19.04% 20
Divorced 15.23% 16
Single 09.52% 10
Occupation

Retired 40.00% 42
Home 30.47% 32
Working 27.61% 29
Unemployed 01.92% 02

Regarding the type of DM, 97.14% had type 2 DM with an average of 10.88
years of clinical diagnosis. The most commonly used medications were Metformin
hydrochloride (74.28%) and Glibenclamide (45.71%). In addition, 63.81% reported

perform the diet control, but 69.53% do not practice exercise (Table 2).
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Table 2: DM Features and Lifestyle

Variables N
Type 1 DM 00.95% 01
Type 2 DM 97.14% 102
DM type not known 01.91% 02
DM medical diagnosis time (years) 10.88

Treatment for Diabetes

Yes 96.19% 101
No 03.81% 04
Drugs used?

Metformin hydrochloride 74.28% 78
Glibenclamide 45.71% 48
Insulin 13.33% 14
Others 03.80% 04
Control Diet

Yes 63.81% 67
No 36.19% 38
Exercise practice

Yes 30.47% 32
No 69.53% 73

1 Some interviewed use more than one drug.

3.2. Health Profile of the Interviewed

Data of metabolic markers evaluated in the last three months before interview
are shown in Table 3. It was observed that women have mean blood glucose greater
than men (177.36 mg/dL). On the other hand, the average blood pressure, both systolic
(143.08 mmHg) and diastolic (84.61 mmHg) was higher in men.

Table 3: Metabolic Markers



Variables Mean + SD (mg/dL) p value
Men Women

Fasting glucose 173.04+78.67 177.04+76.63 0.818

Glycated 6.29+1.22 12.10+2.18 0.005*

hemoglobin

Total cholesterol 178.40+21.41  205.60+69.18 0.405

HDL cholesterol 43.73+5.59 40.48+7.27 0.436

LDL cholesterol 109.70+£13.50  108.64+41.76 0.967

Triglycerides 207.40+£109.00 168.50+77.11 0.375

Blood Pressure Mean + SD (mmHg)

Systolic 143.10+20.55  142.80+22.95 0.950

Diastolic 84.62+13.34 82.89+9.35 0.472

47

The table 4 presents data on amputations and other DM complications. It was

three months.

Table 4: Amputations History and DM complications

observed that less than 5% of the interviewed suffered amputations. However,
circulatory alterations in the lower limbs have been reported by 73.33% of the
interviewed, and renal and visual disorders by 28.57% and 56.19%, respectively. Of the

respondents, 93.33% reported feeling discomfort or pain in the feet and legs in the last
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Variables N

Amputations history
No 95.23% 100
Yes 04.77% 05

Presence of DM complications?®

Circulatory disorders in the feet and legs 73.33% 77
Visual disorders 56.19% 59
Kidney disorders 28.57% 30

Uncomfortable feeling or pain in the feet and leg in
the last three months

Yes

93.33% 98
No

06.67% 07
Characteristic of the painful sensation
Numbness 60.20% 59
Burning or heat sensation 11.22% 11
Others 28.57% 28

! Some interviewees may have none or more than one complication.

3.3. Use of medicinal plants

Most participants (67.62%) reported the use of one or more plants, especially
with glycemic control purpose (69.01%), and 82.85% consume a traditional beverage
known as “mate” (llex paraguariensis St. Hill.) (Table 5). Regarding the form of plant
preparation, the infusion was the most common, cited by 57.74% of respondents, and
leaves are the most used plant part (60.56%). The interviewees said they consume five
or more cups daily of plant preparation. When associated to mate, the mean of
consumption was 1.73 liters per day. Most participants acquire the plant in local
commerce (40.84%). All respondents who use medicinal plants reported positive note
after the use (Table 5). In addition, 85.91% of participants did not report to their
medical doctor the use of plants.



Table 5: Frequency and Use of Medicinal Plants

Variables % N
Use plants

Yes 67.62% 71
No 32.38% 34
Consumes mate

Yes 82.85% 87
No 17.15% 18
Used part of the plant

Leaves 60.56% 43
Stem 11.26% 08
Seed 09.85% 07
Flower 08.45% 06
Fruit 05.63% 04
Root 04.22% 03
Form of plant use

Infusion 57.74% 41
Decoction 14.08% 10
Others 28,16% 20
Plant acquisition

Local commerce 40.84% 29
Own cultivation 25.35% 18
Others 33.80% 24
Frequency of the plant use

More than 03 times per day 80.28% 57
Up to 03 times a day 04.22% 03
Once a day 15.49% 11
Amount consumed

01 cup 11.22% 08
03 cups 15.49% 11
05 or more cups 73.23% 52

Time of the plant use (mean in months) 36 months

Reason to the plant use

Glycemic control 69.01% 49
Others? 30.98% 22
Sees positive results after plant use

Yes 100% 71
No 0 0
Reports the use of the plant to medical

doctor

No 85.91% 61
Yes 14.09% 10

1 For weight loss, improve vision, circulation, and lower blood pressure.
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Forty-six plants species were cited as commonly used. Ten of most frequently
used plants are arranged in Table 6. Among them "cow's paw" (Bauhinia), the
"jJambolan” (Syzygium jambolanum; Syzygium cumini), “chamomile™ (Matricaria
recutita), and macela (Achyrocline satureioides) appear as the most used at 30.98%,
16.90%, 14.08%, and 11.27% of cases, respectively. It is important emphasize, whereas
the mate is a typical drink from southern Brazil, primarily taken with recreational

purpose, we chose to discuss it separately from the others plants reported.

Table 6: Medicinal Plants Most Used by Persons with DM

Family Scientific name Popular name Used part % use!

Apiaceae

Pimpinella anisum L. Anise Seeds 08.45
Asteraceae

Achyrocline satureioides (Lam.) Macela Flowers 11.27

DC.

Baccharis crispa Spreng. Carqueja Leaves 08.45

Matricaria chamomilla L. Chamomile Flowers 14.08
Fabaceae

Bauhinia forficata Link. Cow's paw Leaves 30.98
Lamiaceae

Melissa officinalis L. Lemon balm Leaves 08.45

Rosmarinus officinalis L. Rosemary Leaves 08.45
Myrtaceae

Stem,
Syzygium cumini (L.) Skeels. Jambolan leavesand 16.90
fruit

Moraceae

Morus alba L. White Leaves 08.45

mulberry

Passifloraceae

Yellow passion  Fruit (flour

fruit of the peel) 08.45

Passiflora edulis

L All respondents use more than one plant.
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3.4. Prediction of antidiabetic activity from compounds of most used plants

In silico predictions were carried to predict antidiabetic activity spectra for
secondary metabolites of most used plants. All analyzed phytoconstituents from
Passiflora sp. present high probability for antidiabetic activity (Pa > 0.700) (Table 7).
Moreover, Rosmarinic acid from Rosmarinus officinalis L., and salvianolic acid A from
Melissa officinalis L. also display Pa > 0.700. These main molecular structures are
shown in Figure 2.

In addition, astragalin, quercetin3-O-malonylglucoside, vitalboside A,
isoquercitrin, kaempferitrin, kaempferol 3-O-(2- rhamnosyl) rutinoside, quercetin 3-O-
(2- rhamnosyl) rutinoside, gallic acid, and rutin presented a medium probability with 0.5

<Pa<0.7 (Table 7).

Table 7 — Antidiabetic PASS prediction for major compounds present in the ten
most cited plants

PASS-
Speci Main compounds in antidiabetic Part used for
pecie literature prediction Reference extraction
P.a P.i
Achyrocline. satureioides 3-Methquuercetin 0.350 0.020 Souza et al., 2002*
(Lam.) DC ' Quercetin 0.363  0.018 Carney et al., 2002* Inflorescence
' ' Achyrofuran 0.317 0.073 Salgueiro et al., 2016a
Luteolin 0.317 0.031
Baccharis crispa Spreng.  Dicaffeoylquinic acid 0.347  0.061 Simdes-Pires et al., 2005 Aerial parts
Rutin 0.525 0.019 Menezes et al., 2016
Quercetin 0.363  0.073
kaempferol-3-O-(2- 0541 0.018 Sousa et al., 2004*
Bauhinia forficata Link rhamnosyl) rutinoside Cazarolli et al., 2013* Leaves
' Kaempferitrin 0.548 0.017 Salgueiro et al., 2016b*
Quercetin-3-0-(2- 0.520 0.020
rhamnosyl) rutinoside
Apigenin 0.320 0.029
Matricaria chamomilla L Caffeic acid 0.384 0.048 Singh et al., 2011 Flowers
" Chlorogenic acid 0.340 0.064 Cemek et al., 2008*
Quercetin 0.363  0.073
Salvianolic acid A 0.761  0.005
Melissa officinalis L Caffeig acid 0.384 0.048 Shakeri et al., 2016 Leaves/Arial
’ Luteolin 0.317 0.073 Barros et al., 2013 parts
Oleanolic acid 0.486  0.025



Morus alba L.

Passiflora sp*

Pimpinella anisum L.

Rosmarinus officinalis L.

Syzygium cumini (L.)
Skeels

Astragalin
Quercetin3-0O-
malonylglucoside
Rutin
Chlorogenic acid

Vicenin-2
Isovitexin
Isoorientin
Vitexin

Luteolin
Anethole
Apigenina
Eugenol

Rosmarinic acid
Carnosic acid
Oleanolic acid
Ursolic acid

Vitalboside A
Isoquercitrin
Gallic acid
Rutin

0.684
0.542

0.525
0.340

0.822
0.810
0.801
0.781

0.317
n.d.
0.320
n.d.
0.798
0.220

0.486
0.453

0.671
0.660
0.525
0.404

0.007
0.008

0.018
0.064

0.004
0.005
0.005
0.006

0.073
n.d.
0.029
n.d.
0.005
0.051

0.025
0.031

0.008
0.008
0.018
0.013

Gryn-Rynko et al.,2016
Hunyadi et al., 2012*
Katsube et al., 2006

Zucolotto et al., 2012
Colomeu et al., 2014*

Martins et al., 2016
Tirapelli et al., 2007

Sedighi et al., 2015
Zheng Tu et al., 2013*

Thiyagarajan et al., 2016*

Bitencourt et al., 2015*
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Leaves

Leaves/Pericarp

Seeds

Leaves

Seeds

activity. *Passiflora species reviewed were P. alata and P. edulis.

Figure 2

*Studies that investigate the antidiabetic action from cited plants. Probable activity (Pa)
and probable inactivity (Pi). (i) Pa > 0.7 high similarity to known pharmaceutical
compounds and high probability of antidiabetic activity, (ii) 0.5 < Pa < 0.7 the chance to
find the activity experimentally is medium (iii) Pa < 0.5 weak probability of antidiabetic
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A) (B)

C21H29049
MW = 432.37

CisH;603
MW = 608.54 MW = 360.31

(E) (F)

OH
HO HO

OH O C21H200q9 Cy6H22049
MW = 432.37 MW = 494.44

Figure 2: Molecular structures of Vicenin-2 (A); Isovitexin (B); Isoorientin (C);
Rosmarinic acid (D); Vitexin (E); Salvianolic acid-A (F)
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4. DISCUSSION

Ethnopharmacological identification of plants used in traditional medicine has
been an important way to the discovery of new therapeutic strategies for DM treatment.
Here, we investigate the medicinal plants most commonly used by people with DM, and
investigate the antidiabetic prediction for some compounds identified in these plants.

In fact, the use of vegetable species with medicinal purpose is current and has
recently been fomented by regulatory health agencies, as World Health Organization
(WHO). According to WHO (2017), consumption of medicinal plants has been
increasing in developing and developed countries since 1990s. Based on this fact, WHO
seeks to promote and support the integration of traditional medicine in national health
systems, in order to maintain the safety and quality, ensuring the correct use of
medicinal plants and herbal medicines.

In this line, Brazil Health Ministry developed the National Policy of Medicinal
Plants and Herbal Medicine (Brazil, 2006). Currently, twelve herbal medicines and
eight medicinal plants are available from public health services, in "Living Pharmacies"
deployed in fourteen states by the “Brazilian Unified Health System”. However, despite
the regulation of some plants use by the unified health system, there are few cities
served, and a greater part of the population ends up doing empirical use of plant species.

In our study, were found forty-six medicinal plants commonly used by persons
with DM. However, we considered the ten plants most frequently used (Table 6).
Among these, are the "cow's paw" (Bauhinia) and "jambolan™ (Syzygium jambolanum;
Syzygium cumini). These findings are similar to presented by Trojan-Rodrigues et al.
(2012) that, from a literature review, found a wide use of medicinal plants in southern
Brazil, finding 81 species in 42 families. Bauhinia is in fact the most consumed plant by
the diabetic population (Trojan-Rodrigues et al., 2012). However, it is important to note
that several Bauhinia species can be used in traditional medicine (Cechinel-Filho,
2009), and here we do not have conditions to accurately identify the plant species used
by person with DM.

In this context, studies in the past 10 years noted the absence of hypoglycemic
effect in mice with type 1 DM treated with infusion of Bauhinia forficata Link subsp.
pruinosa (Salgueiro et al., 2016a), and Bauhinia forficata Link (Volpato et al., 2008).
On the other hand, rats with type 1 and type 2 DM, treated with Bauhinia variegata
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leaves aqueous extract, showed significant decrease in plasma glucose, cholesterol,
triglyceride, creatinine and blood urea nitrogen levels (Kulkarni & Garud, 2016). A
reduction in glucose levels was also observed in rats with type 1 DM treated with
aqueous extract of Bauhinia tomentosa L. (Devaki et al., 2011), and Bauhinia thoningii
(Ojezele & Abatan, 2011).

Contradictory results showing the antidiabetic effect of Syzygium cumini extracts
are also numerous in scientific literature (for a review see Trojan-Rodrigues et al.,
2012). Regarding the other plants cited in our study, the potential hypoglycemic activity
has been previously described for Matricaria chamomilla L. (Cemek et al., 2008),
Rosmarinus officinalis (Ramadan et al., 2013), and Achyrocline satureioides, including
the identification and isolation of achyrofuran, compound responsible for the plant
hypoglycemic activity (Carney et al., 2002).

Our PASS analysis indicated that most of phytochemicals evaluated from cited
plants have low to medium probable antidiabetic potential. However, there were six
molecules with high Pa score (> 0.7) (Fig.2), which, four (vitexin, isovitexin, vicenin
and isoorientin) are present in significant concentrations in Passiflora genus (mainly P.
alata and P. edulis). Vicenin-2 was the higher Pa found in our data. In previous study,
this molecule showed an in vitro antidiabetic potential via inhibition on a-glucosidase,
protein tyrosine phosphatase 1B, rat lens aldose reductase and reduced the advanced
glycation end products (Islam et al., 2014). Furthermore, nanoparticles of vicenin-2
might be useful in management of DM since it regulate the intracellular glucose
utilization (Chockalingam et al., 2015).

Besides this, the glycosyl flavonoids, isovitexin and vitexin, also presented high
score in Pa evaluation, and both compounds showed a significant reduction in
postprandial blood glucose level on normoglycemic and diabetic mice (Choo et al.,
2012). Reports in literature include a significant stimulation on insulin secretion in
hyperglycemic rats by isovetix (Folador et al., 2010). Isoorientin also demonstrated a
high antidiabetic prediction. However, up to now, there are not studies proving the
antidiabetic action of this molecule, which opens perspectives on future researches.

Nevertheless, the phytochemicals rosmarinic acid and salvianolic acid A with Pa
> 0.7 are well documented in literature. Rosmarinic acid (main compound in
Rosmarinus officinalis), reduced the hyperglycemia and ameliorated insulin sensitivity

by decreasing phosphoenolpyruvate carboxykinase (PEPCK) and increasing glucose



56

transporter (GLUT4) expression (Runtuwene et al., 2016). Moreover, rosmarinic acid
attenuated oxidative stress in a model of strepotozotocin-induced diabetic rats (Mushtaq
et al., 2015). Already, salvianolic acid A, one of the major compounds in M. officinalis,
has been experimentally validated as promising antidiabetic substance. It acting as Nrf2
(Nuclear factor E2-related factor 2) modulator preventing diabetes-associated
macrovascular complications, also, it exerts an anti-apoptotic mechanism and improves
cardiac function following ischemia/reperfusion injury through the JNK/PI3K/Akt
signaling pathway in rats with DM (Wu et al., 2016; Chen et al., 2016).

We also highlight that compounds astragalin, vitalboside A, isoquercitrin and
kaempferitrin, present in Morus alba, Syzygium cumini, Achyrocline satureioides and
Bauhinia forficata respectively, have been demonstrated a significant hypoglycemic and
antidiabetic potential, which are worthy of further investigation in diabetic
complications (Panda and Kar 2007; Cazarolli et al., 2013; Thiyagarajan et al., 2016).

In summary, the results of PASS analysis can be a possible approach to select
promising compounds. This approach may be employed with successful to investigate
preliminarily the therapeutic effects reported to medicinal plants. However, we cannot
discard that many reported activities in traditional medicine, can be due the synergism
among different molecules in a crude plant extract (Rasoanaivo et al., 2011).

Besides antidiabetic potential, other widely exploited characteristic in medicinal
plants is this antioxidant power, which may be useful in prevention of DM
complications associated with oxidative stress (Nasri et al., 2015; Salgueiro et al.,
2013). Thus, even plants that do not have hypoglycemic action, may improve the DM
treatment as an adjunct to present antioxidant activity.

In fact, it is known that in DM and in other diseases, antioxidant defenses and
production of free radicals are altered leading to a condition known as oxidative stress
(Giacco & Brownlee, 2010). In this case, the excess of free radicals production
associated with an antioxidant defenses reduction can cause severe damage to cells and
tissues (Folmer et al., 2002; Folmer et al., 2003; Maritim et al., 2003; Salgueiro et al.,
2013; Salgueiro et al., 2016a).

In this hand, Folmer et al. (2002) demonstrated an increase in thiobarbituric acid
reactive species levels in kidney and liver of mice exposed to a high glucose and high
starch diet, concluding that these are the main target organs to oxidative stress caused

by increased blood glucose. Furthermore, increased levels of reactive oxygen species
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and lipid peroxidation, and a decrease in antioxidant enzymes activity was observed by
Salgueiro et al. (2016a) in liver of streptozotocin-induced diabetic mice.

In humans, it is known that over the years, accumulation of oxidative damages
leads to development of DM complications such as retinopathy, neuropathy and
peripheral vasculopathy (Giacco & Brownlee, 2010). Thus, the use of antioxidants from
exogenous sources has been an important way to prevent or treat these complications
(Nasri et al., 2015; Salgueiro et al., 2016a).

Regarding this, some findings point a strong antioxidant power for aqueous
extract from Bauhinia forficata Link subsp. pruinosa and Achyrocline satureioides
(Salgueiro et al., 2013; Salgueiro et al., 2016a; Salgueiro et al., 2016b). However,
antioxidant power in plant extracts is a common finding, because of the wealth of
phenolic compounds as secondary plants metabolites. Among the antioxidants usually
found in plants, we highlight the phenolic compounds, especially flavonoids, able to
inhibit the formation and/or eliminating free radicals, and increase or protect the
endogenous antioxidant defenses (Nasri et al., 2015; Salgueiro et al., 2013; Salgueiro et
al., 2016b).

The data obtained in our study indicate many of interviewees reported the use of
medicinal plants in combination with 'mate’ (drink traditionally consumed in southern
Brazil, made from the infusion of "yerba mate" (llex paraguarienses St. Hill). However,
the “mate” consumption has recreational purpose, not being used for medicinal finality.

Nevertheless, some studies indicate that yerba mate contains polyphenols and
methylxanthines in its leaves, which appear to be responsible for plant antioxidant
activity (Colpo et al., 2016). Furthermore, Oliveira et al. (2008) showed that yerba mate
decreased gene expression of glucose transporter in intestine of rats, suggesting that
yerba may modulate glucose absorption. In other studies, it was found that aqueous
extract of yerba mate reduced glucose and insulin concentrations in obese rats (Arcari et
al, 2009), and increased lifespan in Caenorhabditis elegans (Lima et al., 2014).

Currently, the high cost of industrially produced medicines and the tendency to
use natural products have contributed to increased use of plants as a medicinal resource.
According to data presented in Table 1, schooling level of interviewees is low, and most
of them are retired. These data corroborate the findings of Salgueiro et al. (2015) that
described a low education rate, and low purchasing power among person with DM at

risk for "diabetic foot" development. These authors point out that low educational level
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facilitates DM complications appearance, because makes it difficult the understanding
of preventive measures. These findings may be related to inadequate control of DM,
resulting in high rates of glucose and dyslipidemia found in our study (Table 3).
Likewise, the poor DM control was related to development of others complications, as
circulatory, visual and kidney disorders, as well as feet problems (Table 4).

Further, unexpectedly, it was observed that women present a poor metabolic
control when compared to men (Table 3). In fact, some studies showed a tendency
among women to practice more self-care than men did, because men have a passive and
carefree attitude (Hjelm et al., 2002; Salgueiro et al.,, 2015). These metabolic
decompensations become even more serious when associated with poor diet and
physical inactivity (Table 2). Together, all these factors can trigger or worsen the
complications related to DM (Table 4).

Taken together, our results point the high consumption of medicinal plants
among persons with DM. Some plant constituents presented a prediction for antidiabetic
activity. Thus, our data open the prospect to further research in order to explore in vitro
and in vivo these compounds, as well as, interactions between plant compounds in
conventional DM treatment. Finally, these findings are significant, considering that
normally the use of plants is not notified to health professionals who treat this

population.
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ABSTRACT

Bauhinia forficata (BF) (“Cow’s paw”) is popularly used for Diabetes mellitus (DM)
treatment. DM is a metabolic syndrome that classically presents as symptoms
hyperglycemia, polyuria, polydipsia, polyphagia, and weight loss. Chronic
hyperglycemia in DM has been related to widespread oxidative stress. Based on above,
this study aimed: i) to investigate in silico the biological activity spectrum and the
toxicological properties of BF phytoconstituents; ii) to evaluate in vitro the antioxidant
capacity of BF extract; iii) to investigate, in mice with severe DM, the effects of BF
extract on classic DM symptoms, and on markers of oxidative damage in red blood
cells. For in silico analyses, previously identified BF compounds were evaluated via
computational simulation. Antioxidant capacity was performed by total antioxidant
capacity (TAC) test, ferric reducing antioxidant power (FRAP) assay, and 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS™) scavenger assay. For in vivo
experiments, untreated male mice with chronic hyperglycemia received BF aqueous
extract for 21 days. Solid/liquid intake and urine excretion were measured in metabolic
cage. After the treatment, the blood was collected for analysis (glucose levels;
diclorofluorescein reactive species (DCF-RS), thiobarbituric acid reactive species
(TBA-RS), and non-protein thiol (NPSH) levels). Spleen was collected for weight
evaluation. BF phytoconstituents Quercetin 3-0-(2-rhamnosyl)rutinoside, Kampferol 3-
0-(2-rhamnosyl)rutinoside, Quercetin-3-O-rutinoside, and Kaempferol-3-O-rutinoside,
presented an antidiabetic probable activity (Pa) of 0.520, 0.541, 0.527, and 0.550,
respectively. In the same order, estimated Pa for antioxidant activity was 0.934, 0.891,
0.927, and 0.924. In toxicological tests, mutagenic risk was pointed by some
evaluations. Antioxidant tests shows a high TAC and FRAP activity from 60pug/mL of
extract (p<0.05), and ABTS™" scavenger from 30ug/mL (p<0.05). Diabetic mice had
significantly higher levels of blood glucose, increased feed and liquid intake, increased
urine excretion and weight loss. BF was not effective in controlling any of these
parameters. However, BF was effective in reduce the splenomegaly, and in protect red
blood cells of diabetic mice against lipid peroxidation. In summary, BF has no effect
against DM classic symptoms, but protects against splenomegaly and presents an

important antioxidant activity in erythrocytes of mice with chronic hyperglycemia.
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INTRODUCTION

Bauhinia forficata (BF) is a plant of Fabaceae family, popularly known as
“cow’s paw”. The name of the plant is due to the shape of its leaves that presents a
bilobed aspect, similar to a cow hoof (Cechinel Filho, 2009). Bauhinia genus comprises
more than 300 species, and is extensively used in popular medicine for Diabetes
mellitus (DM) treatment (Cechinel Filho, 2009).

DM is a metabolic syndrome related to defects in insulin production, or failure
to properly use the insulin produced (IDF, 2017). A variety of classic symptoms, such
as persistent hyperglycemia, polyuria, polydipsia, polyphagia, and weight loss,
characterizes this syndrome. Moreover, oxidative stress associated with poor glycemic
control is in the genesis of DM complications development (Maiese, 2015).

In fact, in DM a range of physiological alterations triggered by chronic
hyperglycemia are responsible for the increased free radicals production. Among these
alterations, are the glucose autoxidation, the overproduction of free radicals by
mitochondria, the non-enzymatic glycation with the production of “advanced glycation
end products”, and increased activity of polyols pathway (Kassab & Piwowar, 2012;
Rochette et al, 2014).

In association or not with antioxidants defenses power reduction, the high free
radicals levels in DM are pointed as responsible for oxidative damage in several organs
and tissues (Maritim et al., 2003). The high levels of glucose can produce permanent
chemical alterations in proteins and lipid peroxidation (Folmer et al., 2002). In this
context, Salgueiro et al. (2016a) observed that TBA-RS levels were increased in hepatic
tissue of mice with hyperglycemia, indicating that the oxygen radicals stimulate the
lipid oxidation.

Of particular importance, evidences indicate that high glucose concentrations
can damage oxidatively human erythrocytes (Salgueiro et al., 2013; Pazzini et al.,
2015). However, we have previously demonstrated that BF subsp. pruinosa is able to
reduce in vitro this damage (Salgueiro et al., 2013). In addition, in vivo studies suggest
that others plants of Bauhinia specie are able to reduce glucose levels and to weight
recovery in non-obese diabetic mice (Curcio et al., 2012) and in STZ-induced diabetic
rats (Cunha et al., 2010). Moreover, in STZ-induced diabetic mice, the subsp. pruinosa

of BF provides protection against hepatic oxidative damage (Salgueiro et al., 2016a).
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Both antioxidant and antidiabetic effects are assigned to a variety of polyphenols
and flavonoids present in Bauhinia plants (Cunha et al., 2010; Jorge et al., 2004;
Salgueiro et al., 2013; Salgueiro et al., 2016a). Surely, natural products are an
unquestionable source of antioxidants and other compounds with possible medicinal
properties and, currently, many alternatives allow performing the screening of plants
compounds through computer simulation (in silico approach).

Among other positive factors, in silico methods make possible to reduce the use
of animals in initial tests, and to direct pharmacological research, opening perspective
for screening of many plants. Thus, in silico evaluation can reveal biological activities
of selected phytochemical compounds, their mechanisms and related side-effects (Goel
et al., 2011; Rosa et al., 2016). Especially, the evaluation of compounds toxicity
properties that predicts their safety, effectiveness and success therapeutically (Pires et
al., 2015).

Therefore, in conjunction with in vitro screening, computational evaluations that
can predict absorption, distribution, metabolism, excretion, and toxicity (ADMET)
profiles have become an alternative approach (Cheng et al., 2012). The accuracy
prediction for ADMET property by in silico platforms comes near to 90% (Cheng et al.,
2012; Pires et al., 2015). For “Prediction of Activity Spectra for Substances” (PASS),
average accuracy comes near to 95% (Goel et al., 2011). Consequently, in silico
evaluation permits predicting the pharmacological and toxicological potential of natural
compounds, serving as a refinement pathway for subsequent testing in vivo.

Based on the above, this study aimed:

i) To evaluate in silico pharmacological and toxicological potential of
phytochemical compounds identified in the aqueous extract of Bauhinia forficata Link
subsp. pruinosa;

i) To test predicted antioxidant activities in vitro;

iii) To evaluate the BF’s effects on classic DM symptoms and on oxidative stress

parameters in erythrocytes of chronic hyperglycemic mice.

MATERIAL AND METHODS

BF Aqueous Extract Preparation
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Botanical identification was performed by ICN Herbarium of Federal University
of Rio Grande do Sul (number ICN167491; B. forficata Link subsp. pruinosa (Vogel)
Fortunato &Wunderlin). Naturally dried BF leaves (collected in spring) were used for
the aqueous extract preparation. The leaves (1mg/mL) were placed in a hot water (80°C)

for 15 minutes. After this time, the infusion was filtered and used for analysis.

In silico Biological Activity Spectrum and Toxicological Properties

Computational screening of biological activity spectrum for the previous
identified BF compounds (3-0-(2-rhamnosyl)rutinoside;  Kampferol — 3-0-(2-
rhamnosyl)rutinoside;  Quercetin-3-O-rutinoside; and Kaempferol-3-O-rutinoside)
(Salgueiro et al., 2013) was performed in PASS online platform
(http://www.pharmaexpert.ru/PASSonline/predict.php). This platform offers a
quantitative structure-activity relationship constructed from the breakdown of chemical
structures in 2D and/or 3D descriptors, followed by generation of models acquired from
bioactive ligands (Drwal & Griffith, 2013).

Prediction results were expressed in percentage of probable activity (Pa) and
probable inactivity (Pi). Pa and Pi values vary from 0.000 to 1.000. Briefly, data were
interpreted as: (i) Pa > 0.7 = high possibility to find the predicted activity
experimentally; (ii) 0.5 < Pa < 0.7 = medium chance to find the activity experimentally
(Singh et al., 2014). In our evaluation we considered only activities with Pa > Pi, and Pa
> 0.500.

For the prediction of toxicological properties, we employed the following
platforms: ACD/Labs (Toronto, Canada), admetSAR server (Cheng et al., 2012),
pkCSM  platform  (Pires et al., 2015), and PreADMET web-based
(https://preadmet.omdrc.kr/). Prediction results for mutagenicity, cardiotoxicity and
hepatotoxicity were interpreted and expressed in a flexible manner: (+) low potential,
(++) medium risk, (+++) high risk and non-detected risk (ND).

BF Extract Antioxidant Activity

BF concentrations used in antioxidants tests ranged between 0 and 300 pg/mL.
Total antioxidant capacity (TAC) and ferric reducing antioxidant power (FRAP) were
evaluated according methods proposed by Prieto et al. (1999), and Pulido et al. (2000),

respectively. Results were expressed in ascorbic acid equivalents, calculated using a
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standard curve of ascorbic acid. The BF activity scavenger against the ABTS™" was
performed according Re et al. (1999). Results are expressed in percentage of scavenger

activity compared with control (without BF).

DM Induction

To hyperglycemia induction, male mice with three months (35-40 grams)
received a single streptozotocin (STZ) injection (150 mg/kg i.p.) dissolved in citrate
buffer (0.01 M; pH 4.5). STZ dose was established according Animal Models of
Diabetic Complications Consortium (2009), in order to induce a severe hyperglycemia
in mice.

After five days of STZ injection, the blood glucose was determined using a
glucometer (Accu check active — Roche ®) in a tail blood sample. Mice with glucose
levels higher than 250 mg/dL remained untreated by 30 days. Treatment with BF
aqueous extract (Img/mL) started in day 31 and lasted for 21 days. BF extract was
offered ad libitum in the drinking water. The extract was replaced daily in order to avoid
changes in its composition. One week before the end of treatment, food and liquid

intake and urine excretion of the mice were assessed using a metabolic cage (Figure 1).

Treatment Groups |

Control untreated Citrate buffer i.p. water ad libitum

Streptozotocin i.p. water ad libitum

Control BF Citrate buffer i.p. BF ad libitum

BF ad libitum

|
\
‘ DM untreated
|
‘ DM treated with BF

Streptozotocin i.p.

|
|
|
|

................................

Biochemical analysis

Figure 1: Study design.

Sample Collection
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After the end of treatment, mice were euthanized by cardiac puncture and whole
blood was collected in heparinized tubes. Were weighed euthanized bodies, spleen, and
epididymal fat in order to determine the spleen/body weight and the fat/body weight

index.

Glucose Levels in Plasma

The collected blood was centrifuged at 2000 rpm for 10 minutes at 4°C in order
to plasma obtainment. Glucose levels were determined in plasma using a commercial kit
(LABTEST — MG / Brasil). Results were expressed in mg of glucose by deciliter of
plasma.

Lipid Peroxidation

The levels of lipid peroxidation were determined in erythrocytes obtained from
centrifugation of whole blood (2000 rpm for 10 minutes at 4°C). The analysis was
performed according the method of thiobarbituric acid reactive species determination,
proposed by Ohkawa et al. (1979). A standard curve of malondialdehyde (MDA) was
used to correct the results. Results were expressed as nmol of MDA corrected by mL of

red blood cells.

2,7-Dichlorofluorescein reactive species (DCF-RS)

Reactive oxygen species was determined in erythrocytes as an indirect index of
DCF oxidation, according Myhre et al. (2003). Briefly, an aliquot of red blood cells
were added to a medium containing Tris-HCI buffer and DCFH-DA. This medium was
incubated in the dark for 1 h until fluorimetric analysis (Ex: 488 nm; Em: 520 nm). The
results were evaluated as DCF fluorescence intensity, corrected by mL of red blood

cells, and expressed as percentage of control.

Non-Protein Thiol Groups (NPSH)

The levels of NPSH were determined in erythrocytes obtained from
centrifugation of whole blood. In order to obtainment non-protein fraction, the red
blood cells were precipitated with 40% trichloroacetic acid and centrifuged (2000 rpm

for 10 minutes at 4°C). The analysis was performed according the method proposed by
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Ellman (1959). A standard curve of glutathione (GSH) was used to correct the results.
Results were expressed as nmol of GSH corrected by mL of red blood cells.

Statistical Analysis

GraphPad prism 6 software was used for statistical analysis and for plotting
graphs. Statistical analysis was performed using two-way ANOVA and Tukey post hoc
test. Data were expressed as mean * SEM. Values of p<0.05 were considered

statistically significant.

RESULTS

In silico Biological Activity Spectrum and Toxicological Properties

In previous studies of our research group (Salgueiro et al., 2013; Salgueiro et al.,
2016a), we have identified four compounds (quercetin-3-O-(2-rhamnosyl) rutinoside,
kaempferol-3-O-(2-rhamnosyl) rutinoside, quercetin-3-O-rutinoside and kaempferol-3-
O-rutinoside) in the aqueous extract of Bauhinia forficata Link subsp. pruinosa by LC-
MS. Here, we employed in silico analysis in order to determine the possible biological
and toxicological activities for these compounds.

Table 1 shows antioxidant or free radical scavenger activity, with Pa near to or
above to 0.900 for the four analyzed phytoconstituents (Pa minimum and maximum of
0.891 and 0.990, respectively). Already, for antidiabetic activity, the higher Pa found
was to kaempferol-3-O-rutinoside (Pa = 0.550). Furthermore, other important activities
in the context of DM were predicted as, e.g., vasoprotector, antioxidant, alpha
glucosidase inhibitor, antihypercholesterolemic, antiinflammatory, aldose reductase
inhibitor, and maillard reaction inhibitor, with variables Pa to four analyzed compounds
(Table 1).

Table 1- Pharmacological activities predicted for Bauhinia forficata Link subsp.

pruinosa phytoconstituents
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Main predicted properties by PASS

Phytoconstituents online Pa* Pi#

NN o Free radical scavenger 0.992 0.001

Quercetin 3-O-(2-rhamnosyl) rutinoside Membrane integrity agonist 0.979 0.002

Vasoprotector 0.974 0.001

Antioxidant 0.934 0.002

Alpha glucosidase inhibitor 0.888 0.001

oH Antihypercholesterolemic 0.846 0.004

Antiinflammatory 0.749 0.010

o Aldose reductase inhibitor 0.638 0.002

:“‘H"(‘;”l oo Maillard reaction inhibitor 0.586 0.004

’ Antidiabetic 0.520 0.020

Kampferol 3-O-(2-rhamnosyl)rutinoside Free radical scavenger 0.989 0.001

Cardioprotectant 0.982 0.001

Hepatoprotectant 0.972 0.001

o Antioxidant 0.891 0.002

Antihypercholesterolemic 0.839 0.004

Antifungal 0.806 0.006

Antithrombotic 0.736 0.006

, m‘m Hepatic disorders treatment 0.718 0.004

[ on o8 Laxative 0595  0.003

Antidiabetic 0.541 0.018

Free radical scavenger 0.990 0.001

Quercetin-3-O-rutinoside Vasoprotector 0.980 0.001

Antioxidant 0.927 0.003

I Antihypercholesterolemic 0.900  0.003

Alpha glucosidase inhibitor 0.858 0.001

"~ ° on Kinase inhibitor 0.819  0.005

o Lo Aldose reductase inhibitor 0.652 0.002

on o ﬂ Vascular disease treatment 0.631 0.004

[ R o Transcription NFKB stimulant 0.595 0.009

{ CarHl30046 Antidiabetic 0.527 0.019

AV inac Free radical scavenger 0.984 0.001

Kaempferol-3-O-rutinoside Vasoprotector 0.979 0.001

oH Anticarcinogenic 0.978 0.001

o~ Alpha lucosicase inibi 0846 0001
o pha glucosidase inhibitor . .

R b Laxative 0737 0.002

OH © ﬁﬁ Antiinflammatory 0.743 0.011

e S Platelet adhesion inhibitor 0.620 0.007

f“}f’g"' Antiulcerative 0.586 0.012

e Antidiabetic 0.550 0.017

#Pa = Probable activity; #Pi = Probable inactivity. Pa > 0.700 = probable activity

greater than 70%. The PASS prediction results were interpreted as follows: (i) only

activities with Pa > Pi are considered as possible for a particular compound; (ii) Pa

closer to 1000 indicates high chance to find the predicted activity experimentally.
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Predictions for the toxic risks (mutagenic, cardiotoxic and hepatotoxic) for BF
identified compounds are shown in Table 2. The compounds evaluated presents a
general low risk of toxicity, except for mutagenic risk, pointed as high by ACD/Lab
platform for the four compounds. Moreover, PreADMET platform point high risk to
cardiotoxicity for both kaempferol derivatives compounds (Table 2). Hepatotoxicity
risk is not detected, and the median lethal acute dose estimated for rats was classified as

non-toxic.

Table 2. Toxicity prediction for Bauhinia forficata Link subsp. pruinosa

phytoconstituents

In silico test . . . . LDso
Compound Mutagenic  Cardiotoxic Hepatotoxicity (mol/kg)*
(+++)? ND* ND? 2.49°
. L (++)? (+)° 2.49°
Quercetin-3-O-rutinoside ND3 (+)?
ND* +)*
(+++)* ND? ND3 2.612
2 2 3
Quercetin-3-O-(2-rhamnosyl) (+)3 (+)3 2.47
rutinoside ND +)
ND* (+)*
(+++)* ND* ND? 2.49°
(++)? (+)? 2513
Kaempferol-3-O-rutinoside ND? (+)?
ND* (+++)*
(+++)* ND! ND?3 2.612
Kaempferol-3-O-(2-rhamnosyl) (+)? (+)? 2.46°
Rutinoside ND? (+)°
ND* (+++)*

The scale of toxicity risk ranges from low (+), medium (++), high (+++) and no
detected (ND). Platforms consulted ACD/Lab'; admetSAR?; pkCSM?; PreADMET*,

*QOral rat acute toxicity.

BF Extract Antioxidant Activity
In order to evaluate predicted antioxidant activities for BF compounds, we

employed in vitro antioxidant tests (Figure 2). BF aqueous extract showed significant
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TAC and FRAP activity from the concentration of 60 pg/mL (p<0.05) (Fig. 2A and 2C).
In ABTS™ assay a significant percentage of radical sequestration was found from 30

ug/mL concentration (p<0.05) (Fig. 2B).
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Figure 2: Total antioxidant capacity (A); ABTS™* scavenger activity (B); and FRAP
activity (C) of BF aqueous extract. (*) indicates significant difference in comparison to

a condition without extract (p<0.05).

BF Effects on DM Classic Symptoms

To evaluate the popular use of BF in traditional medicine, and to investigate the
predicted antidiabetic activities we tested, in vivo, the effects of BF aqueous extract on a
classic DM symptoms in a model of severe diabetic mice (Figure 3). The results show
that mice present all DM expected symptoms, as severe hyperglycemia with glucose
values around of 400 mg/dL at the end of the experiment (Fig. 3A), polyphagia (Fig.
3B), polydipsia (Fig. 3C) , polyuria (Fig. 3D), and body fat loss (Fig 3E). BF was not

effective in control any of these symptoms.
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Figure 3: Analysis of DM classic symptoms: Hyperglycemia (A); Food intake or

polyphagia (B); Liquid intake or polydipsia (C); Urine excretion or polyuria (D); and

Epididymis fat weight/body weight ratio as an index of weight loss (E) in severe

diabetic mice. (*) indicates significant difference in comparison to a control condition
(p<0.05).

BF Effects on Red Blood Oxidative Stress Markers
The predicted antioxidants effects for BF compounds were also evaluated ex

vivo in red blood cells of severe diabetic mice (Figure 4). Results show that lipid

peroxidation, assayed by TBA-RS, and reactive oxygen and nitrogen species, assayed
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by DCF-RS, were increased in erythrocytes of diabetic mice (p<0.05) (Fig. 4A and 4B).
In both the cases, treatment with BF aqueous extract was effective in control these
parameters (Fig. 4A and 4B). Thiols groups, assayed as NPSH, have not changed in any

of the experimental conditions (Fig. 4C).
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Figure 4: Analysis of TBA-RS levels (A); DCF-RS levels (B); and NPSH levels (C) in
red blood cells of severe diabetic mice. (*) indicates significant difference in

comparison to a control condition (p<0.05).

BF effects on Body/Spleen Index
The body weight/spleen weight ratio as used as an index of BF extract toxicity
(Figure 5). Results show that in severe diabetic condition, this index was increased

(p<0.05). However, BF extract was effective in reduce this index to a control situation.
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Figure 5: Analysis of Spleen weight/body weight ratio as an index of BF toxicity in
severe diabetic mice. (*) indicates significant difference in comparison to a control
condition (p<0.05).

DISCUSSION

This study was performed to evaluate the biological activity spectrum of BF
phytoconstituents in silico, as well as, to investigate the BF antioxidant and antidiabetic
capacity in vitro and in vivo. Our data showed strong antioxidants predictions for BF
tested compounds (Table 1). These antioxidant predictions were experimentally
confirmed in crude extract (Figure 2). In this context, many assays can be used to test
the antioxidant activity of plant extracts.

Among the most commonly employed tests, are the evaluation of TAC, which
analyzes the reduction of molybdenum (VI) to molybdenum (V) in presence of
antioxidant compounds (Prieto et al., 1999). Another similar method is based on
assessment of Fe3* to Fe?* reduction (Pulido et al., 2000), and the ability to directly
reduce the ABTS radical (Re et al.,, 1999). In plants extracts, these antioxidants
proprieties are directly related to phenols presence and composition.

In fact, one of the most studied polyphenol class are flavonoids. The flavonoids

are easily available in the plant kingdom and have particular importance for their
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antioxidant potential, which can protect the biomolecules against oxidative damage
(Corradini et al., 2011). The antioxidant properties of these phytochemicals are related
to its ability to: i) donate electrons or hydrogen atoms, stabilizing free radicals; and ii)
chelate transition metals, preventing their participation in reactions such as Fenton
(Pandey & Rizvi, 2009; Corradini et al, 2011).

Furthermore, the major compounds of BF are kaempferol and quercetin
derivatives, known to have strong antioxidant potential (Tatsimo et al., 2012; Salgueiro
et al., 2013; Salgueiro et al., 2016b). Indeed, the capacity of BF crude extract for iron
chelation, DPPH radical scavenger, deoxyribose degradation and lipoperoxidation
protection, was previously demonstrated (Salgueiro et al., 2013).

On the other hand, toxic predictions for BF phytoconstituents were pointed by
some platforms, as mutagenic risk in ACD/Lab, and cardiotoxicity risk in PreADMET.
We agree that the similarity between pharmacological and toxicological predictions for
quercetin and kaempferol derivatives, can be associated with its structural molecular
similarity. According Crespo et al. (2008), quercetin and kaempferol are flavonols,
which display minor different structural characteristics. While quercetin presents two —
OH moieties on the B-ring, kaempferol presents one —OH moiety on the B-ring. This
one less —OH increases kaempferol lipophilicity, when compared with quercetin
(Crespo et al., 2008).

Concerning toxic predictions, quercetin is usually identified as mutagenic by the
ACD/Lab platform (Salgueiro et al., 2016b). In fact, quercetin is known by this
paradoxal behavior, being sometimes mutagenic in vitro (Resende et al., 2012).
Nevertheless, in vivo, is quickly metabolized to non-mutagenic compounds, that can
presents health beneficial properties. These characteristics can be identified by some
platforms, depending on the fragments database available for structure/activity
comparison.

Here, we also evaluate the effect of BF crude extract treatment in a model of
mice with severe DM. Were analyzed the effects of BF on the DM symptoms
(hyperglycemia, polyuria, polydipsia, polyphagia, and weight loss), and on the oxidative
damage resulting from chronic hyperglycemia. Our data indicates that BF protect red
blood cells against lipid peroxidation and reduce the DCF-RS levels (Figure 4). In this

context, it is know that lipoperoxidation is increased in red blood cells of persons with
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DM (Mallick et al., 2011). Oxidative damage in high glucose conditions also was
observed in red blood cells in vitro (Salgueiro et al., 2013; Pazzini et al., 2015).

Indeed, red blood cells are a good maker of oxidative damage in DM because
have high polyunsaturated fatty acid content in their membranes (target for oxidation),
and high concentration of hemoglobin (availability of iron for generating hydroxyl
radical through the Fenton reaction) (Martinez et al.,, 2012). Moreover, several
pathological events can be related with the red blood cells lipid peroxidation, as loss of
membrane selectivity and increased osmotic fragility (Yang et al., 2006, Pazzini et al.,
2015).

The additional source of free radicals generated by hyperglycemia is a plausible
contributing factor to the increase in TBA-RS levels. In this line, the increase in lipid
peroxidation can be directly related to the increase in DCF-RS levels (Salgueiro et al.,
2016a), an indirect measured of free radicals or other reactive species levels. The
protection against lipid damage and the reduction of DCF-RS species by BF crude
extract can be related to the high antioxidant capacity observed in vitro and predicted in
silico (Figure 2; Table 1).

Similarly, the low antidiabetic activity predicted in silico, was confirmed by in
vivo analyses. Diabetic mice presents high blood glucose levels and all classic DM
symptoms (Figure 3). Its symptoms, in DM chemically induced model, are caused by a
marked hyperglycemia. In fact, the deficient production or action of insulin is the basis
of the abnormalities in carbohydrate, fat, and protein metabolism, and is the primary
cause of the hyperglycemia (American Diabetes Association, 2009).

In DM, impaired insulin production or action signifies a state of reduced ability
of insulin-sensitive tissues to respond to the biological action of insulin on carbohydrate
metabolism (Dube et al., 2013). In this context, the cell utilization of glucose falls, and
the utilization of fats and proteins increases (Ozougwu et al., 2013). This result in an
uncontrolled lipolysis, elevated levels of free fatty acids in the plasma, and decreases
the expression of a number of genes necessary for target tissues to respond normally to
insulin (Raju & Raju, 2009). Moreover, in a situation of insulin deficiency, the protein
breakdown is facilitated and the muscle wasting can be severe (Figueiredo & Cameron-
Smith, 2013).

The others symptoms come from this primary disorder. The glycosuria and

tissue catabolism leads to the negative caloric balance and consequent triggering of the
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hunger sensation (Raju & Raju, 2009). Whereas, the DM is a catabolic state, and even
with polyphagia there weight loss. Further, because glucose is an osmotic diuretic leads
to polyuria, where there are loss of glucose, water and electrolyte. This results in
dehydration and consequent polydipsia (Ozougwu et al., 2014).

Although the BF crude extract do not change any of these symptoms, its
antioxidant properties may serve to offset oxidative stress and hence to reduce the
cellular injury during DM. Oxidative stress employs multiple cellular pathways that can
ultimately lead to both the onset and subsequent complications of DM (Maiese et al.,
2015). Many studies have suggested that the intake of antioxidants during elevated
glucose concentrations can block free radical production, preventing e.g. the advanced
glycation end products production, playing a beneficial role in to reduce diabetic
complications (Pandey & Rizvi, 2009).

Our data also show that BF was effective in normalizing splenomegaly in
diabetic animals (Figure 5). Splenomegaly is a relative common finding in DM rodent
experimental models (Al-Enazi, 2014; Yang et al., 2015). In relation to this data, we
speculate that the increased spleen size may be related to the increased rate of damaged
red blood cells removal. In fact, the spleen plays important roles in various vertebrate
biological processes, such as removal of aged erythrocytes, recycling of iron, and
elicitation of immunity (Saito et al., 2012).

Taken together, our data indicates that BF, although do not present antidiabetic
effects, can be used as a DM complementary treatment because their important

antioxidant protection against red blood cells oxidative damage.
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Figure Captions

Figure 1: Study design.

Figure 2: Total antioxidant capacity (A); ABTSe+ scavenger activity (B); and FRAP
activity (C) of BF aqueous extract. (*) indicates significant difference in comparison to

a condition without extract (p<0.05).

Figure 3: Analysis of DM classic symptoms: Hyperglycemia (A); Food intake or
polyphagia (B); Liquid intake or polydipsia (C); Urine excretion or polyuria (D); and
Epididymis fat weight/body weight ratio as an index of weight loss (E) in severe
diabetic mice. (*) indicates significant difference in comparison to a control condition
(p<0.05).

Figure 4: Analysis of TBA-RS levels (A); DCF-RS levels (B); and NPSH levels (C) in
red blood cells of severe diabetic mice. (*) indicates significant difference in

comparison to a control condition (p<0.05).

Figure 5: Analysis of Spleen weight/body weight ratio as an index of BF toxicity in
severe diabetic mice. (*) indicates significant difference in comparison to a control
condition (p<0.05).
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This study was designed to evaluate the effects of Raukinig forficala Link subsp. pruinesa (BF) tea on oxidative stress and liver
damage in streptozotecin (ST )-induced diabetic mice, [Habetic male mice have remained 30 days without any treatment, BF
treatrvent started on day 31 and continued for 21 days a2 a drinking-water substitute. We evaluated (1) BE chiemical composition; (2)
frlucose leviels (3) liverhaody weight ratio and Byer ransaminases; (4) reactive oxypen species { ROS), hpid perogidation, and protein
carbonylation in liver; (5) superoxide dismutase (SOY) and catalase (CAT) activities in Fiver; (6) d-aminolevulinate dehydratase
{f-ALA-12) and nonprodein thiols (MPSH) i liver; (7 N2, MOO-L and HSPP0 kevels in Bver and pancreas. Phytochemical
analyses identified four phenols compownds, Diabetic mice present high levels of NOOL in pancreas, increased levels of ROS
and hpid peroxidation in Byeer, and decrease in CAT activity. BF treatment normalized all these parameters. BE did nol normalize
hyperglycemia, lver/body welght rtio, aspartaie aminotransierase, prodein carbonyl, NPSH leveds, and §-ALA-D activity, The
raised oxidative stress seems to be a potential mechanizm ineolved in liver damage in hyperglycemic conditions, Our resuls
imdlicated that BF protective effect could be attributed (o s antioxidant capacity, more than a hypoglycemic potential,

1. Introduction In Brazil, the tea {infusion) of BF leaves is an impor-
tant alternative treatment for people with DM [2]. The BE

Historically, basic therapy for treating several diseases in-  genus comprises aboul 300 species found especially in the

dudes the use of medicinal plants. Vegetable species with
muedicinal power have considered complex mistures of bio-
logically active products, and wsually many of them are
responsible for their biological properties [1]. Therefore,
many plants considered medicinal have been used in folk
medicine to treat diahetes mellitus (DM) [2]. Among these is
Buuhinia forficata (BF) (Leguminosae, Fabaceae), popularly
lemowm as “paw of cow™ [3].

tropical regions of the planet [3]. Besides their possible
hypoglycemic potential, considerations about the antioxidant
and hepatoprotective activities of some Bawuhinia species have
been postulaied. For example, extracts of Bewhinia forficaia
Link and Bauhiria cheilandra showed antidiabetic activity
in 5T and alloxan-induced diabetic rats [4-6]. Already,
the antioxidant and hepatoprotective activity was previously
demonstrated for Bauhinia forficata Link, Bauhinia racermosa



Lam, and Bauhinia variegata |7-9]. However, we did not find
in scientific literature studies with mice or rats that investigate
the same Bauhinia species that we use here (Bauhinia forficata
Link subsp. pruinosa (Vogel) Fortunato & Wunderlin).

Biological properties of Bawkinia species have been
attributed to its phenolic compounds. In this context, Bawhin-
in forficata Link subsp, pruinosa are able (o scavenge reactive
oxypen specics (ROS) because it contains flavonoids among
its constifuents (especially derivaiives of quercetin and
kaemplerol) [10, 11]. These characteristics can be extremely
important in discases where there is an increase in oxidative
stress, a5 in DM and its complications,

Indeed, chronic hyperglycemia in DM has related to
a bigger ROS production amd severe oxidative damage in
different tissues, including the liver (for a review see [12]).
Increased ROS has been known to induce changes in expres
shon and activity of antioxidant enzymes superoxide dismu-
tase (SOD) and catalase (CAT), as well as thiol oxidation
and lipid peroxidation [12]. Furthermore, previous reports
showed that, in experimental models of DM, the sulfhydryl-
containing enzyme S-aminclevalinate dehydratase (5-ALA
17} was inhibited [13-15].

Maoreover, increases in ROS production, both in liver
and in pancreas, stimulate expression of factors related to
cellular antioxidant response, such as NE-E2-related nuclear
factor erythroid-2 (Nrf2), NADPH gquinone oxidoreductase
1 (NOQO-1), and heat shock protein 70 (HSP70) |16, 17].
According to Yeo et al. [18], antioxidant and chemical stress,
including chemical DM induction in mice, increases MORD-1
expression.

Therefore, the aim of this study was to evaluate the efects
of Bauhinta forficata Link subsp. pratrosa (Vogel) Fortumato
& Wunderlin (infusion) (BF tea) treatment on oxidative stress
and liver damage in diabetic mice. Among the parameters
evaluated were the glycaemia, ROS production, lipid peroxi-
dation, pratein carhonylation, and nonprotein thiols levels in
liver, as well as the activities of enzymes S-ALA-1, SO0, and
CAT in liver. Moreover, we evaluate the Nrf2, NOO-1, and
HEP70 expression in liver and, additionally, in pancreas,

2. Materials and Methods

1. Chemicals. Sigma-Aldrich Chemical Co. (81, Louis, M)
supplied Ellman’s reagent (IYTHE) and streptoeotocin, Lab-
test (Minas Gerais, Brazil) supplied commercial kits. Other
reagents were obtained from local suppliers.

22  Bauhinia jorficata (RF) Preparation. BE leaves were
collected in September (spring) of 2004 in southern Braxil
(26°44'58.8"5 57°05'01.7" W). Botanical identification of BF
leaves samples was confirmed and a voucher specimen
(number [CH 167491; B forficets Link subsp, prumosa (Vogel)
Fortunato & Wunderlin} was deposited at [CN Herbarium of
Federal University of Rio Grande do Sul {Braeil).

BF tea was prepared with naturally dried leaves in a

I mg/ml proporiion (weight of dried leaves/volume of water),
described by Salgueiro et al. [11].
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2.3, Chromatographic Analyses. Chromatographic analyses
by HPLC were conducted, described in [11,19]. using 2 Promi-
nence Liguid Chromatograph (Shimadazu, Kyoto, Japan). This
apparatus is equipped with an SLC-10A controller, LC-20A10
pump, SIL-10AF avtosampler, and SPD-M10A PDA detector.
An ODS-Hypersil Thermo Sciemtific C18 column (250 =
46mm Ld, 5um particle siee) (Bellefonte, United States)
was used, Mabile phase consisted of water containing (.05%
phosphoric acid (A) and acetonitrile (B) at a flow rate of
0.8 mLmin " using the following gradients: 0.1-23 min, 10-
A0% of solvent B in A and 23.01-40 min, 10% solvent B, and
0% solvent A, Detection was done on a diode array detector
(DALY set at 340nm and the injection volume was 20 ul.
The HPLC system was operated at 25 + 17C. Runs were made
in triplicate, The reference standard chemical composition
for BF tea was established previously by our group, identify-
ing the compounds quercetin-3-O-(2-rhammnosyl) rutinoside,
kaempferol-3-0-(2-rhamnosyl) mutinoside, quercetin-3-0-
rutinoside, and kaempferol-3-O-rutinoside |11, 19).

24, Dhnketes Mellitus (M) Induction and BF Treatment.
Committee on the Ethics of Animal Experiments approved
this study (permit number 001/2002). All experiments were
conducted with the minimum number of animals and in
vhedience 1o the guidelines for biomedical research stated
by the Brazilian Societies of Experimental Biology, Animals
were maintained in an enriched environment with a room-
controlled temperature, 12 h light-dark cpcle, and food and
water available ad {ihitsum.

‘Three-month male Swiss albino mice (30-35 grams) were
divided into four different groups with six animals for each
group:

(1) Control received only ditrate bufler intraperitoneally
(i) and drank water throughout the period,

(2) DM received a single STZ dose (150 mgflg) &p. and
drank water throughout the period.

{3) BF received only citrate bulfer L. drank water during
30 days, and afierwards drank BF tea (1 mg/ml.)
during 21 days.

(4) DM + BE received a single STZ dose (150 mg/kg) ip.,
drank water during 30 days, and afterwards drank BF
tea (1 mg/mlL) during 21 days.

ST7 was freshly prepared in citrate buffer (005 M, pll
4.5), and before ST administration the animals were fasted
for a period of four hours. 5T dose was established,
proposed by Animal Maodels of Disbetic Complications
Consortium [20], in order to induce a severe hyperghycemia
in mice. Five days afier 514 injection the hyperglycemia was
confirmed by collecting a tail drop ofblood and using ACCU-
Check Active (Roche Diagnostics) glucometer.

The BF concentration (approximately 313 mpg'kg of hody
weight) was established afier evaluation of liquid intake of
diabetic mice in metabolic cage (9.4 4 2.24 mL of tea per day)
and body weight mean (0,030 kg). This dose is in accordance
with previous studies that investigated the hypoglyoemic and
hepatoprotective activity of other Bauhinia species [41-6, 8, 9].
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BF treatment started on day 31 and cominued for 21 days in
drinking water.

25, Tisswe Prepuration for Biochemical Analyses. After the
period of treatment, animals were killed by cardiac punciure.
‘This procedure was performed under enough ether anesthe-
sta 1o ameliorate mice sulfering, Mice livers were remaoved
and carefully washed, and part of them wene weighted and
homogenized in 1 : 10 ratie of tissue te cold NaCl (0.9%). The
homogenates were centrifiuged at A000 g for 10 min at 470 and
the supernatants (51} collected for biochemical analyses, All
the binchemical analyses were performed in the same day of
cuthanasia. The liver and body weight were used to evaluate
the liver weight/body weight ratic.

26, Analysis of Glucose Levels and Liver Transaminases.
Blood was collected in heparinized tubes by cardine punclure
after fasting for & hours. After centrifugation, levels of glucose
and liver transaminases were determined in plasma using a
commercial kit (Labtest, Minas Gerais/Brazil),

27 Assessment of 2,7-Dichloroflusrescein (DCFH) Oxidation.
Indirect quantification of reactive oxygen species (ROS)
production was determined in 51 samples by evaluation
of dichloroflucrescein reactive species (IMCE-RS) lewels,
proposed by Myhre et al. [21]. Briefly, an aliquot of 51
(1040 pul.) were added 1o a medium containing Tris- HCI buffer
(001 mM, pH 74) and DCEH-DA (7 uM). This medium
was incubated in the dark for 1h until lucrimetric analysis
(Ex: 488 nm; Em: 520 nm). The resulis were stated as DCF
flucrescence intensity, corrected by protein content, and
expressed as percentage of control,

28, Thivbarbituric Acid Reactive Species (TBA-RS) Levels,
Lipid peroxidation was assayed by adding 51 samples (100 gl)
te a medium containing 81% sodium dodecyl sulfate, acetic
actd buffer (pH 3.5), and 0.8% aqueous solution of thiobar
bituric acid, proposed by Ohkawa et al. [22]. Afier heating
at 85 C for &0 min, the red pigment produced was measured
spectrophotometrically at 532 nm. The results were caloulated
using a standard curve constructed with malondialdehyde
(MDA} a1 known concentrations and corrected by protein
content. The results were expressed as nanomoles of MDA per
milligram of protein.

29 Protein Carboryl Levels. Protein carbonyl was mea-
sured in 51 samples, proposed by Levine et al. [23].
Briefly, an aliquot of 51 (200 pl) were derivatized using
2 A-dinitrophenylhydrazine (ONPH). DNPH reaction pro-
ieins were precipilaied with an equal volume of 20%
(wiw) trichloroacetic acid and washed three times with an
ethanalfethyl acetale mixture (1:1). Finally, the precipitates
were dissolved in 6 M puanidine HCL solution. Protein
carbonyl levels were determined spectrophotometrically at
370 nm, against blanks. The resulis were caleulated using
the molar extinction coefficient of DNPH, corrected by
protein content, and expressed as nanomoles of carbonyl per
milligram of protein.
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2.10. Superoxide Dismutase (SOD) Enzyme Activity. 50D
enzyme activity was determined in 51 samples, proposed
by Kostyuk and Potapovich [24]. This method is based
an the capacity of SO0 in inhibiting quercetin antooxida-
tion. Briefly, 51 aliquots (25 pl) were added to a medinm
containing 0.016 M phoesphate buffer, 0.8 mM NMNN-
Tetramethylethylenediamine, and 0.08 mM EDTA (final pH
of the medium was 10}, The kinelic analysis of 500 was
measured spectrophotometrically at 406 nm after quercetin
addition {(L.5mg of quercetin in 10 mL of N.N-Dimethylfor-
mamide). The results were corrected by protein content and
expressed as unit per milligram of prodein, One unit of SO0
activity is defined as the amount of eneyme that inhibited the
quercelin oxidation reaction by 0% of maximal inhibition.
Fifty percent inhibition was produced by approximately
L5 ng/mL of pure enzyme [17].

210 Catalase (CAT) Enzyme Activity. CAT enzyme activity
was determined in 51 samples, proposed by Achi [25]. This
method is based on the rate of hydrogen peroxide (HyO,)
degradation by the action of CAT. Briefly, 51 aliquot (20 gl.)
wits added to a medium containing potassium phosphate
buffer (50mM, pH 74} and H,0, (1mM). The kinetic
analysis of CAT was measured spectrophotometrically at
240 nm after Hy O addition, The results were calculated using
the molar extinction coellicient of H, 0, corrected by protein
content, and expressed as nmol HyOy/mg proteinfmin.

212 Debta-Aminolevulinic Acid Debydratase  (§-ALA-IN
Enzyme Activity, 8-ALA-1Y enzyme activity was determined
in 51 samples, according to Sassa [26]. This method is
based in analysis of porphobilinogen (PBG) formation after
d-aminolevalinic acid addition. Briefly, 51 samples (100 gl.)
were mixed with #-aminolevalinic acid {12 mM  initial
concentration), The tubes were incubated for 60 min at 37°C.
‘The reaction was stopped by adding 10% trichloroacetic acid
with 10 mM mercuric chloride, After centrifugation, an equal
volume of Ehrlich reagent was added 1o the supernatant,
and absorbance at 555nm was recorded. The resulis were
corrected by protein content amd expressed as nanomoles of
PBG per milligram of protein per hour of incubation.

213, Monprotetn Thiols (NPSH) Levels. NPSH levels were
determined according to Ellman [27]. Briefly, the 51 samples
were precipitated with 10% trichloroacetic acid (1:1) and
centrifuged at 4000 g for 10 min at 4”C to obtain supernatants
(52, 52 (100 gL} samples were added to 2 medium contain-
ing phosphate buifer (TFK 0.25mM, pH 74}, and Ellman
reagent (IYTHE 1mM). The yellow pigment produced was
measured spectrophotometrically at 420 nm. The resulis were
caloulated in relation to a standard courve constructed with
glhutathione (GSIT) at known concentrations and corrected by
prodein content. The results were expressed as nanomaoles of
SH per milligram of protein,

2.4, Protein Conient Defermination. Prolein content was
determined in $1 samples, proposed by Bradiord 28], and
megsured spectrophotometrically at 595 nm. Bovine serum



albumin at known concentrations was used (o construct a
standard curve.

215 Western Blot Analysis. Western blotting was performed
aceording 1o Posser et al. [29] with minor modifications.
Part of the liver and pancreas were homogenized at 4°C
in a medium containing 50 mM Tris, 1 mM EDTA, 0.1 mM
phenylmethylsulfonyl fluoride, 20mM Ma, VO, 1000mM
sodium  fluoride, and protease inhibitor cockiail (Sigma,
M), pH 70. The homogenates were centrifuged at 1000 g for
10 min at 4°C and the supernatants (51) collected. After pro-
tein determination {following Bradiord [28]) using bovine
serum albumin as standard, f-mercaptoethanol and glycerol
were added o samples (o a final concentration of 8 and
25%. respectively, and the samples were frozen in —80°C
until further analysis. Proteins (2 mg/ml) were separated
using SD3-PAGE with 10% gels and then electrotransferred
to nitrocellulose membranes as previously described [29].
Membranes were washed in Tris-buffered saline with Tween
(TBST; 100mM Tris-HCI, 0.9% MNaCl, and 0.1% Tween-20,
ph 7.5} and incubated overnight (4°C) with different primary
antibodies (Santa Cruz Biotechnology, TX), all produced in
rabbit {anti-Nrf2, anti- NQO-1, and anti- HSP70 anti- f-acting
1: 1000 dilution in TBST). Following incubation, membranes
were washed in TBST and incubated for 1h at 25°C with
HEMlinked anti-rabbit-lgl secondary specific antibodics
(Sigma, MO). The immunoblots were visualized in the
Image Sation 4000MM PRO using BCL reagent (Promega,
WI). Immunoreactive bands were quantified using the Scion
Image sofiware and expressed as percentage of untreated
controls,

2,16, Statistical Anabysis. Data were expressed as mean + SEM
of the number of animals used in cach experiment. Satistical
analysis was performed wsing two-way ANOVA and Tukey
post hoc test. Values of p < 005 were considered statistically
significant. GraphPad prism 6 software was used for statistical
analysis and for plotting graphs.

3. Results

3.1, Chromatographic Profile. HPLC analysis of BE tea
reviealed the following main compounds kaempferol-3-0-{2-
rhamnaosyl) rutinoside (2) > quercetin-3-O-(2-rhamnosyl)
rutinoside (1) = quercetin-3-0-rutineside (3) > kaemplerol-
3-O-rutinoside (4) (Figure 1).

3.2 Glucose Levels, Diabetic mice had a significant increase
in the serum glucose levels, which were not reduced by BF
(Figure 2).

3.3, Liver Toxicity Fvaluation, The liver/body weight ratio
was increased in diabetic mice when compared to conlrol
group. These changes were not modified by BE treatment.
BE per se did not affect this parameter {Figure 3). Diabetic
mice had a significant increase in aspartate aminotransferase
[AST) level (Figure 4(a)) when compared to the conlml
group. ‘This change was not modified by BEF treatment.
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Frgume 1: Chromategraphic profile of B, forficefa Link subsp.
pruiresa {Vogel) Forlunato & Wunderlin tea. Chemical compounds
identified Peak 1: quercetin-3-O-(2-rlamposyl) rutinoside (relen-
tion time: 1560 min); Peak 2: kaempferol-3-0-(2-rhamnosyl) rti-
maidie (retention times 1670 min); Peak 3: quercetin-3-O-rutinoside
{retention time: 1740 min); Peak 4: kaempferol-3-O-rutinogide
{retention tmes 1910 miin).
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Alanine aminotransferase (ALT) bevel (Figure 4{b)) was not
changed by any treatment.

3.4, Liver Oiclative Stress Paaluation,  BE treatment was elfec-

tive in normalizing the increases in ROS (DMCE-RS) and lipid
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peroxidation (TBA-RS) levels observed in diabetic mice, to
the control levels (Figures 5{a) and 5(h), resp.). Furthermore,
diabetic mice had an increase in the carbonylated protein
levels (Figure 5(c)) that were only partially reduced by BF
tresatiment,

Mo difference in S0 activity was observed among
the groups (Figure 6{a)). However, the diabetic mice had a
significant decrease in CAT activity when compared o the

conirol group. This decrease was attenuated by BEF treatment
{Figure 6{b)).

The activity of liver §-ALA-IY was inhibited in diabetic
mice. The inhibition of &ALA-IY cnzyme activity was not
modified by BF treatment (Figure 7(a)), Addition of a thiol
donor dithiothreitol (IXTT) partially reactivated &-ALA-ID,
however, without restoring the basal activity of §-ALA-D
{data not shown). The levels of nonprotein thiol groups
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(MPSH) were increased in diabetic mice and BF treatment
restores only partially this increase (Figure 7(b)).

A5 Western Blot Analysis, Liver western blot showed that
Nri2, MOQO-1, or HAPTD protein levels were not altered in
diabetic mice or BF treatment when compared to the control
(Figure £). In pancreas, an increase in MQO-1 levels was
abserved, and BE treatment reduce these at levels lower than
the control group {Figure @) No differences in the levels
of Nrf2 and H5P were observed among the groups in

francreas.

4. Discussion

‘The present study was designed to investigate the effects of
Buuhinia forfieata Link subsp. prainoesa { Vogel) Fortunato &
Wunderlin (BF) tea against oxidative stress and liver damage
in diabetic mice. In folk medicine, various species of BF have
been used 1o treat diabetes mellitus (DM) 2], especially due
to their possible hypoglycemic effect. Our results show BF tea
reduced liver oxidative stress in dinbetic mice, although it did
not change the glycaemia.

In this context, the absence of hypoglycemic action of BE
tea may be due o the nonextraction of some compounds
in the agueous fraction (infusion) or due to absence of
kaempferitrin compound (kaemplerol-3,7-0-(r)-dirhamno
side), pointed out as responsible for hypoglycemic action in
other Bauhinia species [10],

Chur results show BE tea per s does not determine abnor
mal hepatic growth or transaminases changes, indicating
possible ahsence of toaicity (Figures 3 and 4(a), 4(b)). On the
other hand, we had an increase in AST levelsand in liverhody
weight ratio in diabetic mice. The increase in liverhody
weight ratho may be due to the reduction of body weight (data
not shown), common in untreated diabetes [30]. Regarding
transaminases, both AST and ALT are highly concentrated
in the liver. However, ALT iz localized only in the cellular
cytoplasm, whereas ASD is cytosolic in a minor portion
and mitochondrial in a major portion. Furthermore, AST
is highly concentrated in zone 3 of the hepatic acinus, and
damage 1o this zone may indicate ischemic or loxic events,
resulting in greater AST levels [31]. In case of diabetes, hepatic
loxic cvenls may occur in response (o an excess in free fatty
acids [32] results of insulin impairment. Known mechanisms
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for hepatic toxics events thal increase transaminases levels
in diabetic state inclede cell membrane disruption, mito-
chondrial dysfunction, toxin formation, oxidative stress, and
recruited inflammatory cells [32].

We observe an increase in reactive oxypgen species (HOS)
and lipid peroxidation levels (Figures 5{a) and 5(h), resp.).
indicating oxidative damage in liver. The assessment of DCF-
RS is well aceepted 1o determine ROS levels, as well as
reactive nitrogen species able 1o oxidize the DCEH, a general
index of oxidative stress. Similarly, TBA-RS assay is a known
biomarker used to estimate lipid damage from cells and
tissues, and its increased levels are an indirect evidence of
high ROS production. Although BE tea treatment did not
modify the changes in liver'body weight ratio and AST
levels in diabetic mice, the plant was effective in reducing
DCE-RS and TBA-RS levels. These findings reinforce our
previously reported antioxidant activity of BE tea even at low
concentrations [11]. The antiexidant activity of BF extracts has
been attributed to high levels of polyphenols and flavonoids
present in its composition [11, 33]. Here, we identify four
major compounds (Figure 1) that were previously reported
using liquid chromatography-electrospray fonization-mass
spectrometry (LC-ESI-MS) [11, 19]. Among the chemical
constiluents identified in owr exiract, the quercetin and
kaempferol derivate have been extensively studied o have
antioxidant properties, such as reduction of TBA-ES levels
and control of antioxidant response [10, 11].

Chur results also showed that there is an increase in
liver carbonylated protein levels (Figure 5(c)). This increase
is reduced only partially by BF treatment, and it is not
related with ROS levels that were controlled by BE treatment
(Figure 5(a)). Prolably, 2 longer BE treatment might reduce
the protein carbonyl levels w contral levels. This is possible
whereas carbonylated proteins have a long half-life and take
longer 1o suffer degradation when compared to normal
profeins,

Concerning liver antioxidant eneymes, we observed a sig-
nificant decrease in CAT activity in diabetic mice, which was
reverted by BF tea treatment (Figure 6(b)). No changes were
observed in liver 500D activity in dizbetic mice. For instance,
changes in antioxidant enzymes activities or its return 1o
normal values following a previous decrease may occur as a
compensatory mechanism in response Lo a constant exposure
o increased oxidative stress, such as those determined by
prolonged hyperglycemia. ‘This could explain the decreases
in SO activity observed by some researchers and the normal
SOD activity observed by other investigators (for a review sce
[z]).

We also observed a decrease in 8-ALA-IY enzyme activity
(Figure F{a)) not related o a decrease in MPSH levels
(Figure 7(b)), in diabetic mice, Several studies report that
the §-ALA-IY enzyme activity is reduced in hyperglycemic
conditions [13, 14, 34|, This cceurs due to presence of thiol
groups in its structure, which are sensitive 1o oxidation.
‘This characteristic explains its use as a good oxidative stress
biomarker [13, 14]. In diabetic mice, we observed an increase
in thiol levels, probably due to a physiclogical com ry
effect. In this context, the NPSH levels, glutathione (GSIH)
as & major compound, increase to counteract the high ROS
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prosluction [11]. GSH is a ubiquitous cellular three-peptide
antioxidant that acts as an intracellular buffer being responsi-
ble for the maintenance of the thiol redox balance | 35). In this
line, mainly three functional changes may lead 1o a 8-ALA-D
enzyme activity reduction, namely, removal of divalent zine
from its catalytic site (1) oxidation of its critical thiol groups
(2); or protein oxidation (3) [13, 14, 34). Taking into account
that there were no thiol levels compromising and that the
&H donor dithiothreitol (IXTT) enly partially reactivated &-
ALA-LY (data not shown) we believe that the mechanism of
inhibition was linked to protein oxidation. In fact, reducing
sugars can interact with critical lysine residues of §-ALA-D
eatalytic site, oxidizing the lysine residues to disulfides and
inactivating the eneyme [34]. In this context, inhibition of §-
ALA-LY in diabetes may be relaied to hyperglycemia [13, 14].

Here, the oxidative damage in liver seems o occur
without changes in Nrf2, H5P?0, or NOO-D protein levels
(Figure 8). Different in pancreas (target organ of S5T7), we
observed changes in MQO-1 expression (Figure 9) that were
minimized by BE treatment. The enzyme NOO-1 is generally
considered asa detoxification eneyme and has been known to
protect f-cells against stressors, including the diabetogenic
agent $T7 [18, 36]. There is evidence that NOQO-1 knockout
mice present increased pancreatic f-cell death induced by
STZ 18], Purthermaore, both STZ and hyperglycemia have
been known to increase ROS production [12], and NOQO-1
emeyme plays an important role as a superoxide scavenger
that may provide an additional level of protection against
RO toxicity |36]. The increase observed in pancreas NOO-1
could be associated with a possible response against the xeno-
biotic injury determined by 5T However, more studies are
necessary 1o highlight the reasons for increased expression of
N1 in pancreas but not in lver.

Although we did not observe changes in Nef2 protein
lewels, the NOO-1 upregulation in pancreas and the elevated
lewels of GSH in liver suggest an early activation of Nri2-
antioxidani response element (ARE) pathway, probably in
response Lo increase in ROS lewvels. In fact, under stress-
ing condition, the transcription factor Nrf2 interacts with
ARE and upregulates amtioxidative genes including NCO-
1, antioxidant eneymes, and G3H levels, which are very
important components of the cellular antioxidant defense
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Freume 9: Panoreas M2, HCRO-1, and HSPF0 protein levels in dishetic mice treated with BE (). Graphical representation of BICCO-1 pancreas
protein kevels (). The data were normalized with S-actin expression and expressed as % of control. The » indicates significant difference in

copparisen o the comtrol group (p < 0.05).

137]. However, while MOO-1 is a stable protein (hali-life
greater than 18 hours in wild type cells) [38], Nri2 is a
highly unstable protein and its half-life is about 15 min under
nonstress condition [39] 1o 100 min under stress condition
[40). In fact, according to Mguyen et al. [39]. even in stress
condition, Nri2 has a short life and is still subject (o a high
rate of degradation. The same has been observed with the
HEPT0, which has a hall-life of approximately 2 hours [41].
This rapid degradation rate ccours, presumably, Lo prevent its
accumulation in an uncontrolled manner [39] and may be the
reason why we cannot observe differences in the levels of this
protein in our stwdy.

We highlight that although our objective was to inves-
tigate effects of BF tea (crude agueous extract) on liver
damage in dizbetic mice, some points are extremely relevant
and deserve further attention in future investigations, in
particular, decper analysis of the pancreas, serum insulin
concentration, analysis of BF compounds concentration in
the plasma, and the rolefeffect of their isclated bicactive
components.

5. Conclusion

Taken together, our ohservations suggested that disbetic mice
present an increase in liver oxidative damage and in pancreas
NQO-1 expression, which were modulated by BF treatment.
Since BF tea decreased liver oxidative injury but does not
change glycaemia, we believe that BF protective effect may be
attributed especially to its antioxidant capacity.
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ABSTRACT

Ethnopharmacological relevance: Achyrocline saturvioides (*macela or marcela®) is a medicinal plant, tra-
ditionally collected in *Good Friday” before sunrise. In traditional medicine, dried flowers of A sature-
ioides are used as anti-dyspeptic, antispasmodic and anti-inflammatory.
Aim of the study: To evaluate the phytochemical profile and to present an in vitro and in silico approach
about toxicity and antioxidant potential of A. satureioides flowers extract and its major phytoconstituents,
Materials and methods: Plant were collected according to the popular tradition. Extract were obtained by
infusion and analyzed from high-performance liquid chromatography. Toxicity was evaluated in Artemia
salina and human lymphocytes, Extract antioxidant activity was determined with total antioxidant ca
pacity, DPPH® and ABTS * * scavenging, ferric reducing antioxidant power, deoxyribose degradation assay,
and thiobarbituric acd reactive substances (TBA-RS) assay. TBA-RS inhibitions were evaluated in brain of
rats for A saturvioides extract and its major phytoconstituents, Predictions of activity spectra for sub-
stances and in silico toxicity evaluation from major phytoconstituents were performed via computer
simulation.
Results: Chromatographic data indicated isoquercitrin, quercetin and caffeic acd as main compounds in
flowers extract. Toxicity tests demonstrated a very low toxic potential of A. satureloides. Extract exhibited
antioxidant activities in low concentrations, Both extract and major phytochemicals standards showed
protection against lipid peroxidation in brain of rats, Computer simulations pointed some biological
activities in agreement with traditional use, as well as some experimental results found in this work,
Moreover, in sifico toxic predictions showed that the A satureioides major compounds had low prob-
ability for toxic risk.
Conclusion: Our results indicate that A satureioides infusion possesses low toxicological potential and an
effective antioxidant activity. These findings confirm the traditional use of this plant in the folk medicine.
© 2016 Elsevier Ireland Led. All rights reserved.

1. Introduction

Achyrocline satureioides (Asteraceae), popularly known as “ma-
cela or marcela”, is one of the 25 Achyrocline spp. described in

Medicinal plants have been extensively used for centuries to
treat several diseases. During the last decades, there has been
interest in identifying metabolites from plants that can exert
beneficial effects on human health, Among these metabolites, the
antioxidants or free radical scavengers have received special at
tention for their pharmacological potential (Sen and Samanta,
2015).

* Correspondence to; Universidade Federal do Pampa, UNIPAMPA, Programa de
s Geaduwagio emn Bloguinmica, BR 472 Km 592, CEP 97500-970, Caixa Postal 118,
Urugissana, RS, Brazil

E-mail address: acfsalgueirofpmailoom (ACE Salguciro)

htp: [ dol org/ 100016/ Jep. 2016.08.048
0378-871 o 2016 Blsevier Ireland Ld. AN rights reserved.

Brazilian territory. A. satureioides is a medium-sized aromatic an-
nual herb, commonly found in tropical and subtropical America
(Retta et al, 2012). In Brazilian southern, the medicinal herb A
satureioides is traditionally collected in *Good Friday®. This collec-
tion is performed before sunrise and the naturally dried flowers
are used along the year to treat several gastrointestinal disorders
(Simoes et al, 1988).

A. sutureioides is considered a promising medicinal and aromatic
plant and is an official vegetable drug in the Brazilian Pharmacopoeia
(Retta et al, 2012). In fact, previous in vivo and in vitro studies have
confirmed the traditional use of A satureioides as anti-inflammatory,
hepatoprotective, antioxidant, immunomodulatory, antimicrobial,
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antitumoural and photoprotective (Amredondo et al., 2004; Cosentino
et al, 2008; Kadarian et al, 2002; Morguio et al, 2005; Polydono
et al, 2004; Fetta et al, 20012) Farthermore, in vitio examinations
showed A smiureioides cytotoxicity at higher concentrations (Sabini
et al, 2M3)

Investigations about chemical composition found the o
noids gquerceting, 3-0-methylquercetin, and luteolin as the main
compounds in A satureioides inflorescences extracts (Carin et al,
2014). These isolabed compounds have demonstrated in vitro some
pharmacological activities, such as scavenging of reactive moygen
species (RODS) (Arredondo et al, 2004; Carini et al, 2014; Retia
et al, 2002} Surely, this antioxidant property is very important
considering that ROS and other reactive species have been im-
plicated in the pathology of over 100 human diseases (Halliwell,
2001)

Considering the A safureipides potential as a medicinal plant,
this study aimed to identify phenolic content and to evaluate, in
sifico and in wvitre, the antiosidant and toecological potential of
crude extract and its isolated major compouneds,

2, Methods
21 Chemicols

Methanol, acetic acd, ascorbic ackd, gallic acid, chlorogenic
acid, caffeic acid, ellagic acid and ferrous sulfate were purchased
from Merck [(Darmstadt, Germany). Quercefing, quercitrin, iso
quercitrin,  rutin,  futeolin,  kaemplerol, catechin, epicatechin,
6-hydroscy-2,5,7. 8- tetramethychroman-2-carboxylic acid (trolox);
deoxyribose, 2.4,6-Tri(2-pyridyl}-s-triarine (TPTE), 2.2-Diphenyl-
1-picrylhydrazyl (DPPH), 2,2 -Azino-bis{ 3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS), and histopaque™ were
acquired from Skgma Chemical Co. (5t Louis, MO, USA)L

22 Plant material collection

Achyrocline saturcioides [Lam.) DC, was collected in autummn, in
“Good Friday”, before sunrise. The collection area (Fg 1) is located
in Brazil-Uruguay-Argentina border (294802 575 57°0032.7"W),
in the Brazilian Pampa Biome. Botanical identification of samples
was confirmed and a voucher specimen [number DBS[2016) was
deposited at the Herbarium of the Federal University of Pampa.
The plant mame has been checked with “The Plant List™ (wwoa.
theplantlistorg) (accessed 1 June 2006).

23, Extroct obtoinment

Flowers of the plant were submitted to dryness at ambient
temperature (2530 °C) for five days. In order o reproduce the
traditional use, the fowers were submitted to extraction by infu-
sion in hot water at 80 °C, for 15 min with a plant:solvent pro-
portion of 1:100 [wiv).

24, Phytochemical analysis

24,1, Total phenalic and fovonoid content

Total phenolic and flavoneid content of A. solurcioides extract
was measured specirophotometrically using the methods pro
posed by Murmi et al. {1996) and Chang et al. (2002), respectively.
A standard curve of gallic ackd and guercetin was used to de-
termine the polyphenols and Aavonoids equivalents content.

242 High performonce bquid chromatography with diode armay
detector (HPLC-DAD) analysis
HPLC-DAD  analyses  were  performed  with a  Shimadzu

Frominence Auto Sampler (SIL-204) HPLC system (Shimadezu,
Kyoto, Japan), equipped with Shimadzu LC-20AT reciprocating
pumps connected o a DGU 20 A5 degasser with a CBM 204 in-
tegrator, SPD-M20A diode array detector and LC solution 122 5P1
software,

Reverse phase chromatographic analyses were camied ouf un-
der gradient conditions, using Cyg column (4.6 mm = 250 mm}
packed with 5 pm diameter partiches. The mobile phase was water
containing 1% acetic acid (A) and methanol (B), and the compo-
sition gradient was: 4% (B) for 5 min; 25% (B) until 10 min; $0%,
50, B0E, 70E and B0E (B) cvery 10 min (Barbosa-Filho et al,
20104} Extracts were analyzed at concentrations of 20 mgfmil. The
flow rate was 0.7 ml/min and the injection volume was 40 pl.
Sample and mobile phase were filiered through 0.45 pm mem
brane filter (Millipore) and degassed by ultrasonic bath pricr (o
st

Stock solutions of standards references to A. solureioides ex-
tracts were prepared in the HPLC mobile phase at a concentration
range of 0020 - 0350 mefml. catechin, epicatechin, quercetin,
isoguercitrin, quercitring luteslin, kaemplersl and ruting and 0.035
~ 0250 mg/ml for gallic, chlorogenic, caffeic and ellagic acids.

Cuiantilication was carmed oul by integration of the peaks using
the external standard method, at 254 nm for gallic acid, 280 nm
for catechin and epicatechin, 327 nm for ellagic acid, chlorogenic
acid, caffeic acid and caffeic acid derivative, and 365 for quercetin,
isoquercitrin,  quercitrin, luteolin, rutin and  kaempferol. The
chromatography peaks were confirmed by comparing its retention
time with those of reference standards and by DAL spectra (200~
500 nm). All chromatography operations were carrisd oul at am-
bient temperature and in triplicabe.

243 Limit of detection (LOD) and lmit of guantification (LOQ)

LOD and LOGQ were calculated based on the standand deviation
of the responses and the slope using three independent analytical
curves, as defined by Boligon et al (20012)0 LOD and LOQ were
calculated as 3.3 and 10 o5, respectively, whene o is the standard
deviation of the mesponse and 5 is the slope of the calibration
curve,

25, Toxicity nssoys

25.1. Artemia soling toxicity besassoy

To estimate the A. sotureisides infusion toxicity, we perform the
A soling toxicity bicassay (Meyer et al, 1982 ), with some mod-
ifications. Briefly, A. soling cysts were induced to hatch in aerating
solutiom (water[sodium chiloride 3%) in a conical flask at 18 °C for
24 h. The newly hatchied nauplii were collected and transfermed
individually to 4 96-well plate containing different A, saturcioides
concenirations or a control saline solution (blank) The plates were
sealed and incubated. Incubation media was analyzed after 24 h in
order to evaluate the number of dead nauplii. Assays wene per-
formed in triplicate and n—30 nauplii were used in each assay.

The median lethal dose (L) was the required concentration
tor kil 50% of nawplii. It was considered LDS0 < 1000 pgfml toxic,
and = 1000 pgfml reon-oe,

252 Comel ossoy

Comet assay was performed in human lymphocytes according
Singh et al. (1988). Briefly, samples of human Bood {10 ml) were
collected from healthy adult volunteers by venous puncture in
heparinized tubes, Alter four hours of incubation with A, swiure-
iides [concentrations showed in the ligure) or hydrogen peroide
(positive control], lymphocytes were scparated with histopaque™.
Separated cells were suspended in agarose bow melting point, and
spread into a glss microscope slide. Dry slides were incubated in
bee-cold lysis solution (2.5 M NaCl 100 mM EIFTA, 100mM Tris, pH
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Fig. 1. Map of Brazil ighlighting the geopolitical division Rio Grande do Sul state and the collection point of A. satureioides (red arcle).

10.0%, and 1X triton X100 with 10% DMSO). After the lysis, slides
were placed on a horizontal electrophoresis unit, covered with a
fresh solution (300 mM NaOH and 1 mM EDTA, pH > 13). Elec-
trophoresis was performed for 20 min (25 V; 300 mA; 0.9 V/cm).
Slides were then neutralized, washed and stained using ethidium
bromide, Slides were analyzed using a microscope, and fluorescent
microscopy images were processed with open source program
Image] to enhance fluorescent cell visualization. One hundred cells
from each of the three replicate slides were analyzed. Cells were
visually scored according to tail length and receive scores from 0
(no migration) to 4 (maximal migration) according to tail intensity.
Therefore, the damage index for cells ranged from 0 (all cells with
no migration) to 400 (all cells with maximal migration).

2.53. In silico toxic risks prediction

A computational simulation study was performed to estimate
possible toxicity risks of A. satureioides three major compounds
(isoquercitrin, quercetin and caffeic acid). For this, were employed
five online computer program: ACD/Labs (Toronto, Canada), ad-
metSAR server (Cheng et al, 2012), pkCSM platform (Plres et al,
2015), PreADMET web-based (https://presdmetbmdrekr/) and
OSIRIS Property  Explorer  (http://www.organic-chemistry.org/
prog/peo/ ). The toxic risks assessed, mutagenicity, carcinogenicity,
cardiotoxicity, irritant and reproductive side effects were inter-
preted and expressed in a flexible manner: ( +) low potential,
(+ +) medium risk, (+ + + ) high risk and non-detected risk (ND).

2.6. Antioxidant analysis

2.6.1. Total antioxidant capacity (TAC)

TAC of A satureicides was measured through spectro-
photometric method proposed by Prieto et al. (1999), For all assays
described  below, the samples were diluted to obtain a

concentration range of 6-300 pg/mL. The controls were used in
order to avoid a probable interference of extract color in results,
Results are expressed in half maximal inhibitory concentration
(ICs0)-

2.62. DPPH® and ABTS® ' scavenger assay

Measurements of A. satureioides activity against the radical
DPPH® and ABTSe + were performed in accordance with Chol et al.
(2002) and Re et al. (1999), respectively.

Results are expressed as ICo,, based on percentage of radical
inhibition in relation to the control without extract.

2.6.3. Ferric reducing antioxidant power (FRAP) assay

IRAP assay was measured through spectrophotometric method
described by Benzie and Strain (1996). The FRAP value was de-
termined by plotting in a standard curve produced by the addition
of ferrous sulfate to the FRAP reagent. Results are expressed as
1C0, based on the extract ability to reduce Fe* ' to Fe ',

2.64. Thiobarbituric acid reactive substances (TBA-RS) assay

The formation of TBA-RS was used as an index of deoxyribose
degradation or lipid peroxidation in the experiments described
below. TBA-RS was measured according Ohkawa et al. (1979), and
a standard curve of malondialdehyde (MDA) was used to de-
termine TBA-RS content.

a) Deoxyribose degradation assay
Deoxyribose degradation assay was performed according de-
scribed by Puntel et al (2005), using ferrous sulfate and
hydrogen peroxide as oxidant agent, according proposed by
Halliwell and Gutteridge (1981). Results are expressed as 1Csg,
based on the extract ability to inhibit deoxyribose degradation,

b) Analysis in Npid from eggs yolks
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Lipids of eggs were prepared according to Salgueiro et al,
(2013). Ferrous sulfate and hydrogen peroxide were used as
oxidant agents. Results are expressed as sy, based on the
extract ability to inhibit lipid perecidation, corrected by mg of
tissLe,

¢} Analysis with brain of rats

Animals were maintained and used in accordance with guide
lines of the Committee on Care and Use of Experimental Animal
Resources, Kats were euthanized by decapitation and the hrain
was removed, quickly homogenized in NaCl (150 mM) and kept in
ice. Alier homogenization, samples were centrifuged at 4000g at
4 °C for 10 min to yield a low speed supernatant fraction (51} The
obtained 51 was mixed with ferrous sulfate and hydrogen per
oxide in concentrations off 001 mM and 1 mM, respectively, with
or without the extract or its isolated major compounds. To the
experiments with the isolated compounds (isoquercitring, querce-
tin, and cafleic ackd), the curves were designed based on these
concentrations in a total crude extract (16.83%, 17.79%, and 14.62%,
respectively). Effects of solvent alone (ethanol or water] were
analyzed in order o avoid solvent interferences. Results are ex-
pressed as 1Cap, based on the extract or isolated major compounds
ahility to inhibit lipid peroxidation of tissue, corrected by protein
content (Bradford, 1976].

27, In silico biological activity spectrum

We used Prediction of Activity Spectra for Substances [PASS,
available in http:/fwww pharmaexpert_ru/PASSonline fpredict. phip)
for computational screening of possible biological effects of the
three identificd major compounds in A smiureioides extract [iso-
quercitrin, quercetin, and caffeic acid). This tool provides quanti-
tative structure-activity relationships based on decomposition of
chemical structures i 2D andjor 30 descriptors, [ollowed by
generation of models obtained from bioactive ligands [Drwal and
Criffith, 2013). Prediction resulis were expressed in percentage of
probable activity (Pa) and probable inactivity (Pi) Pa and Pi values
vary from D000 to 1.000, thus, in this evaluation, we considered
only activities with Pa = Piand Pa = 0,700,

28, Statistical analysis

Statistical differences between groups were determined by
AMOVA ome-way with Tukey post-hoc test. Data are expressed as
mean + standard deviation for at least five independent de
terminations. To comet assay was wsed the Kruskal - Wallis test. In
both, ANOVA and Kruskal-‘Wallis tests, values of p < 0.05 were
considered the limit for significance. LDg, determinations were
performed using a logarithmic regression curve.

3. Results

1.1, Phytochemicnl analysis

The data show thai A safureioides, as popularly used, presenis
high levels of polyphenols and flavonoids {16019 and 48.04 mgjg
of dried flowers, respectively). HPLC profile (Fig. 2) shows that the
extract contain several phenolic compounds, such as gallic acid
{peak 1), cabechin {peak 2}, chlorogenic acid (peak 3), caffeic acid
(peak 4), epicatechin {peak 5), ellagic acid (peak &), rutin (peak 71,
quercitrin (peak B), soquercitrin (peak 9], quercetin (peak 107,
kaemplersd (peak 11) and luteolin {peak 12). Furthermore, the
three identified most representative phenolic compounds were
ispquercitrin, quercetin and caffeic acid, respectively (Table 1)

] ¥ L

250 500 min
Fig L Chromatographic anshesis of A satursioides (Asteraoese]l Peak nombers
worrespomnd o chemmcs] compoumds gallic acid (releation Gme (B)= D035 min,
preak 1) catechin (B = 1508 min, peak 2] chiloropemic acid (B = 20001 min, peak 37;
waftes wiid [Ry=24.71 imin, peak 4} cpicatechin (/= 2983 men, peak 5], cllagic
@il (B, =32.57 min, peak 6] rutin (B=3042 min, peak 7K queercinn
(R =430 min, peak B) isoquencfrin (B 46850 min, peak 970 quercetin
(R = 5026 min, peak W kaemplerol (K= 5060 min, peak 1) and Buscobin
(R = 62T min, peak 12).
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32, Toxicity analyses

3210, A saling binassay

A saling bioassay, performed o estimate the A satureioides
extract toxicity, resulied in a Ly, of 2,06 mgiml. Moreover, in the
antioxidanl concenlralions, A. safureioides extract does nol present
nauplii toscicity (data not show ).

322 Comet assay

The comet assay was performed to determine the extract
genotoxic potential. Kesults show that A safureisides did not de
termine DNA damage in human lymphocyte in all ested con-
centrations. However, the negative contred was able (o induce 4
significant increase in cells damage index (p < 0.05) (Table 2;
Fiz. 3).

123 In silico toxic risks predictions

The toxic risks [mutagenic, carcinogenic, candiotoxic, skin irri
tant and reproductive toxicity) for isoquenciirn, queroetin and
calleie acid were assessed by five online platforms. Acconding o
the results presented in Table 3, all the compounds, except gquer-
cetin, showed low toxicity probability. In evaluation of flavonol
querceting the results showed a high mutagenic probahility for two
platforms employed and mediom sk for others, However, for
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Table 2 deoxyribose degradation induced by Fenton reaction at 1Csp of
Number of cells with comet. distribution of damage classes and damage index. 2111 + 47 pg/ml Furthermore, the higher TBA-RS levels in lipids
extracted from chicken egg yolk were decreased at 1Gsy of
L. St chuw fopis 3, 94 " 13.1 4 0.7 pg/ml. (Table 4).
o 1 2 3 4 In biological tissue, A. satureioides flower extract and its iso
lated major compounds (isoquercitrin, quercetin and caffeic acd
Cestrel - 100 773 + 1833 233 173 03i 2933 dccrcasc:lorTBA»ltS lcv(:soqdﬂcnnincd by Fenton ructimz
102 15 05 20 05 8.5 3 3 s 5
Comtrol + 100 480 + 147 % 874+ 134 1734 1353 & (H;0; 4 Fe* ' ) in brain of rats (Table 5). In this test, the ICsq found
70 25 74 L5 32 a5* for A. satureioides extract was 125.2 + 55 pg/ml. For the isolated
30 pgt 100 707 &+ 163 &+ 1003 103 2031 4731 major compounds, the ICy, determined were 132405,
120 61 75 10 z0 Ld 111.7 + 46, and 496 + 3.5 pg/mL o isoquercitrin, quercetin, and
60 g 100 820+ N3+ 434 034 204 290 4 i 3 e
26 15 15 05 10 50 caffeic acid, respectively (Table 5).
150 pg 100 613 4 2474 874 534 004 5804
a5 30 32 8] 00 20 3.4. In silico biological activity spectrum
300 g 100 680 + 120 1 100 ¢ 57 4 43 1 663 |
20 43 10 17 11 0.5 R 2 . ) )
Dy 100 M0+ 1904+ 43+ S0+ 174 4534 In order to identify potential ur_gc_u and p'unmmlog:cal ef-
21 72 15 10 0s 85 fects related to the three A satureioides major compounds, we

CA: Total cells analyzed. DI: Damage index. For DL
* indicates significant difference compared to the pegative control.

isoquercitrin, three platforms did not detect mutagenic risk. In all
the other parameters evaluated, both quercetin and isoquercitrin
demonstrated risks ranging from low to non- toxic. Moreover, the
theoretical toxicity of caffeic acid presented a very low risk pre-
diction in all tools employed.

3.3. Antioxidant analysis

A. satureioides flowers extract presented an 1Cs, of 104 +1.2
and 848 | 1.8 pg/mL in TAC test and FRAP assay, respectively
(Table 4). In DPPH® and ABTS®' assays, the IG5 found were
1126 + 32 and 665 + 1.3 pg/ml, respectively (Table 4).

Results also indicate that A. satureivides extract decreased the

used the online platform PASS. The number of effects displayed by
the PASS, for each compound, is provided in Table 6, We selected
the predicted properties with values of Pa = 0.7. Our data indicate
that caffeic acid presents five properties (mucobembranous pro-
tector, hepatoprotectant, carminative, choleretic and lipid meta-
bolism regulator), which are presented in folk medicine. Further
more, antioxidant activity and free radical scavenger, hepatopro-
tectant, antihemorrhagic and hemostatic were predicted to iso-
quercitrin and quercetin.

4. Discussion

This study was performed to investigate the phytochemical,
toxicological and antioxidant effects of Achyrocline satureioides
extract, as well as to present an in vitro and in silico approach from
its major phytoconstituents.

150 ; *
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Achyrocline satureioides (ug/ml)

Fig. 3. DNA damage index (comet assay) of human tymphocytes exposed to different A satureloides concentrations, Negative control {without A satureioldes ), Posstive
control (fpdrogen peroxide). Asterisks (*) indicates significant difference in companison 1o negative controld (p < 0.05)
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Tabke 3

Ty prediction for the three magor Achyrocine seiuneioddes compound s olvained via compater similation.
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Taile 4 Mauplii of A. salirg are used as a biological indicator of toxicity
10 values to different antioodant assays of A because are an obligatory non-selective ilter feeder, and Glters any
safureides. smalls debris dissolved in water. Here, the Ly found to A saling
Test A sarureioides ICy (i) was 206 ma/ml. According Meyer et al. (1982 dassification, this
value is considered very low toxic for plants extracts, since the risk
Tad 104 4 12 is greatesi al concentraitions = 1000 pg/ml. Moreover, o assure

DFPH® scavenger 126 4 3.2
ABTSe ) scavenger G654 1.3

FRAF B4R 3 1B
Deoxyribose assay 2101 & 47
TBA-HS lipials 130+ 07

Walises are cxpressed as mean & 50 {n=3)

Tahle 5

s values of A satureisides amd
its isnlated major compounds in
TBA-BS wath rat brain assay.

LE L

A somurcinides 1252 1 55
lsquercirin 132 1 05
Queretin T 4+ 46
Caffeic ackd 406 & 35

Walues ame expressed as mean |
S {n=1)

HPLC analysis revealed important phenolic compounds in A
sulurcioides Nowers (Fig 2 and Table 1), incuding the major
components sogquercitrnn, guerceting and caffeic acid, which hawe
bheen detected in previous studies with A satureinides (Retta et al,
2012, Sabini et al, 2013). These compounds are known to have
sigmificant anthoxidant activity (Arredondo et al, 2004; Polydoros
et al, 2004; Okamoto, 2005; Gulcin, 2006; Retta et al., 2002} The
presence of antiokidant substances are very relevant considering
that oxidative stress is involeed in the pathophysiclogy of many
human diseases {Halliwell, 2001; Salgueiro et al, 200161

Moreover, the high content of lavonoids in A, satureisides and
its potential as antioxidant can ratify the use of this herb as a
medicinal altemative, Therefore, it s necessary investigates the
toxic potential of A sotureioides crude extract, as popularly wsed
For this, we lested the flower extract toxicily in two dilferent
systems: 1) determining the LDy, in A soling, and i) assessing its
DMA damage capacity in human lymphocytes, by the comet assay.

The method utilizing A soling was proposed by Meyer et al.
[1982) as a simple bioassay for plant exiracts L, determination.

the ow risk of A sotureioides, we tested different extract con-
centrations on human lymphooytes (Fig 3). Among the tested
concentrations, none of them caused damage to DNA of cells.
These resulls indicate that A setureisides extract exhibil low po-

Phytochemicals like lavonoids and polyphenols related in this
work are compounds with strong antioxidant capacity that offers
protection against oxidative deterioration and (s consequences
(Arredondo et al, 2004; Polydoro et al, 2004; Okamoto, 2005,
Guloin, 2006; Retta et al, 2012). However, it is essential to consider
that extracts of natural prsducts are complex mixtures of different
bisactive compounds that may act synergistically to determine its
effects. For this reason, our research group believes in the im-
portance of testing the plant products as they are popularly used
(tea or infusion) in order to establish its effectiveness and security
{Colpo et al., 2006; Salgueiro et al, 2003; Salgueiro et al., 2016).

Antioxidant properties of A sotureioides extract wene assessed
by dilferent analyses, such as total antioxidant capacity determi-
nation, DPPH® and ABTS® ' scavenger activities, and FRAP assay
(Table 4}, In this context, it is important to consider that the an-
tioxidant properties of polyphenols are due to three main char
acteristics: i) their high reactivity as hydrogen or electron donors;
ii) the ability of the polyphenol-derived radical to stabilioe and
delocalize the unpaired electron; and i) their ability to chelate
transition metal ions (termination of the Fenton reaction]) (Ver
tuand et al, 2004 In our study, all the proposed assays identifed
at different levels these abilities in A. sofwreioides infusion. Thus, it
can be considered that the ability to scavenger free radicals in vitro
can be genenically compared to the ability for neutralize en
dogenous free radicals, such as hydrosyl radical (OH®), the most
damaging of radicals found biologically.

In effect, OH* is probably the most harmful free radical (Halk
weell, 2001}, being continuously formed in aerobic organism as an
oxygen reduction result process (Lipinski, 2001). The process of
OH® formation occurs through Haber- Weiss reaction in bwo steps:
I} reduction of Fe'' into Fe®', and 0} Fenton reaction
(Fe* ' 4 Ha0y= Fe'' 4 OH 4 OH*) (Lipinski, 2011} After formed,
OH® reacts fast with everything around it, which can cause
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* Pa — Probable activity; Fi — Probable inactivity, Pa = 0000~ probable activity greater than 208, The PASS prediction results were interpreted and wsed as folloses
(1) onby activities with Pa = Pi are considered as possible for 2 partsoular compound; (i) if Pa = 007, the chance o find the activity expenmentally s hagh

damage to DNA, lipids and proteins (Halliveell, 2006; Salguein
el al, 2003). On our indings, A, satwreieides extract was eflective (o
reduce the damage caused by OH®* generated via Fenton reaction
in three different systems:; deoxyribose degradation assay, lipids
from egg yvolk, and homogenates of rats brains (Table 4 and
Tahble 5),

A sotureioides isolated mapor compounds were also able to
protect homogenates of ral brains from lipid damage caused by
OH® (Table 51 In the crede extract, the major compounds iso-
quercitrin, quercetin and caffeic acid, make up 16.83%, 14.79% and
14.62%, respectively, of the total compounds identified. In our data,
these compounds, in a situation of co-incubation, were able to
protect brain tissue of rats to peroxidation induced by Fenton re
acton, i minor concenlrations when compared 1o crude A sa-
fureoides infusion.

Morcover, in order to identify biological activities prediction for
A satureisides major compounds, we performed an in silico in-
westigation (Table 6], In silico evaluations have the advantage of
rapid execution, low cost and the positive side to reduce the use of
animals in toxicity testing, Prediction by PASS is based on struc
ture-activity relationships analysis of the training set coniaining
maore than 205,000 compounds exhibiting more than 3750 kinds
of biological activities (Jamkhande and Barde, 2014). The PASS
analysis was performed by comparison of the phytochemical
compound structure with stnctures of well-known hiologically
active substance, which allows estimate if a phytochemical

compound may have a particular effect.

Among the activities predicted by PASS, we found five that are
reported in popular medicine for A smureioides [ muoobembranous
protector, hepatoprotectant, carminative, choleretic and lipid me-
tabolism regulator). This Anding suppors the main traditiomal
uses of A satureioides for gastrointestinal disorders, and suggests
the three major compounds as contributors to produce ethno
pharmacological effect. Therefore, PASS predicied antioxidant and
free radical scavenger properties for issquercitrin and guercetin
[Pa = 07) Oxygen radical scavenger was also estimate for caffeic
acid (PFa —06%; data not show). These properties have been
previously described for these substances [Gulcin, 2006; Polydor
et al, 2004; Valentowd et al, 2004) Furthermore, our data confirm
the prediction Tor A, saluretoides compounds a5 antiosidant (Ta
ble 4 and Table 5). However, our in silice evaluation indicates
several unknown activities, which provides the basis for evalua-
tion of unknown potential of this medicinal plant.

In this work, we also predict in silico toxicity for A satureioides
major compounds. Mutagenicity was evaluated based in AMES test
against Salmonello typhimunium strains. Moreover, candiotoxicity
was determined with human-ether-a-go-go-relaied  gene test
(MERG). Skin irritant was assigned by Draiee test, and reproductive
toxicity by affinity to the estrogen receptor test. Our data indicate,
in general, low toxicity probahility for A, sotureiides evaluated
compounds (Table 1), Except for quercetin, that according to the
evaluation, presents medium to high mutagenic potential,
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In fact, some studies showed that quercetin was able to po-
tentiate the cytotoxic effect of several chemotherapy drugs, im-
proving the chemotherapeutical efficiency (Sak, 2012; Wang et al,
2012). Mutagenic activity of quercetin has been known, espedally
in Salmonella typhimurium mutants that reveal base-pair sub-
stitution and frameshift mutagens (Bieldanes and Chang, 1977;
Resende et al, 2012). On the other hand, the findings of quercetin-
related mutagenicity or genotaxicity showed in vitro have not been
confirmed in vivo, which supports the safety of quercetin use
(Okamoto, 2005; Harwood et al, 2007). These findings may be
explained by the “quercetin paradox”, which states that structural
formula of quercetin has all the structural elements necessary for
both antioxidant and pro-oxidant property (Rietjens et al, 2005;
Harwood et al, 2007). Furthermore, in vivo, quercetin have a very
low order of bioavailability, and the amount available is quickly
metabolized to non mutagenic compounds, which probably con-
tributes to the absence of mutagenicity and carcinogenicity (Har-
wood et al, 2007).

For isoquercitrin, one of the major glycosidic forms of the
quercetin, toxicological studies were not performed and evalua-
tion of pure isoquercitrin has not been conducted so far (Valentova
et al, 2014). In this context, the preliminary assessment conducted
in silico by us, can complement future studies on the safety of this
compound. Finally, regarding the cardiotoxicity (evaluated by
hERG test), while a low risk has been found for the quercetin and
caffeic acid in silico, previous in vitro and in vive findings showed a
real risk for these compounds (Zitron et al, 2005; Choi et al, 2013;
Chu et al, 2015). Thus, the in silico findings can be complement,
but not replace the in vitro and in vivo analysis.

Taken together, our results indicate that A, satureioides infusion,
as popularly used, has antioxidant effect in different systems and
in low doses. Furthermore, A. saturcioides infusion presents a LDy,
far above that considered toxic and has no genotoxic potential in
antioxidant doses or in established 1Dy, These features provide
support for the popular use of this plant, and establish A. sature-
ioides as a potential agent for in vivo testing, especially for the
treatment of several disorders in which oxidative stress is
involved.
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5. DISCUSSAO E CONCLUSOES

O propdsito deste estudo foi investigar as plantas utilizadas na medicina
tradicional por pessoas com Diabetes mellitus na cidade de Uruguaiana/RS
(Manuscrito 1) e avaliar os efeitos antidiabéticos (Manuscrito 2 e Artigo 1),
antioxidantes e toxicologicos de duas destas plantas (Manuscrito 2, Artigos 1 e 2).

Para responder a estas questdes, investigamos, através de uma entrevista (Anexo
3) com 105 pessoas com DM na cidade de Uruguaiana/RS, os habitos de consumo de
plantas consideradas medicinais. Os resultados encontrados mostraram que mais de
60% dos entrevistados utilizam plantas para fins medicinais. Entre as plantas mais
utilizadas estavam a “pata-de-vaca” e a “macela” (Tabela 6 - Manuscrito 1). A
principal forma de utilizacdo das plantas foi por infusdo das folhas e flores.

Estes dados corroboram com diversas investigacdes que mostram 0 extensivo
uso de plantas na medicina tradicional como alternativa terapéutica primaria ou
complementar, especialmente em paises em desenvolvimento (Trojan-Rodrigues et al.,
2012; Dutra et al., 2016). Tais achados reforcam ainda a importancia de politicas, como
a “Politica Nacional de Plantas Medicinais e Fitoterapicos” (Brasil 2006; Brasil, 2009),
que fomenta o conhecimento acerca dos saberes e praticas da medicina popular e apoia
pesquisas que investiguem a eficacia e seguranca destas préaticas.

Entre as plantas aqui avaliadas, a Bauhinia (pata-de vaca) é de fato umas das
mais utilizadas para o tratamento de pessoas com DM (Pepato et al., 2002, Volpato et
al., 2008; Cechinel-Filho, 2009; Trojan-Rodrigues, 2012). No entanto, em decorréncia
da extensa quantidade de plantas pertencentes ao género Bauhinia, muitas espécies
ainda carecem de estudos que avaliem seu potencial antidiabético (Cechinel-Filho,
2009). Entre essas, esta a Bauhinia forficata Link subsp. pruinosa (BF).

Com base nisso, foi testado o potencial antidiabético e antioxidante da infusdo
dessa subespécie de BF in silico, in vitro e em um modelo experimental de
hiperglicemia cronica em camundongos (Manuscrito 2). Os dados apresentados
mostram baixa predi¢cdo para atividade antidiabética dos compostos identificados na
planta (Tabela 1 — Manuscrito 2).

Os experimentos in vivo confirmaram que, na forma testada, a planta ndo possui
efeito antidiabético direto, visto que ndo atua sobre a hiperglicemia e sobre os demais

sintomas classicos do DM (polidria, polidpisa, polifagia e perda de peso) (Figura 3 —
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Manuscrito 2). Por outro lado, de acordo com a elevada predigéo antioxidante in silico
e in vitro (Tabela 1 e Figura 2 — Manuscrito 2), os danos oxidativos em células
vermelhas do sangue de camundongos severamente hiperglicémicos foram amenizados
pelo tratamento com a planta (Figura 4 — Manuscrito 2).

Nesse contexto, é conhecido que ha um aumento da peroxidacéo lipidica nos
eritrécitos de pessoas com DM (Mallick et al., 2011), possivelmente em decorréncia do
aumento da producdo de EROs, por sua vez intimamente relacionada a hiperglicemia
cronica (Kassab & Piwowar, 2012; Rochette et al, 2014). Danos oxidativos em células
vermelhas do sangue ja foram também identificados em eritrdcitos expostos a elevadas
concentracdes de glicose in vitro (Salgueiro et al., 2013; Pazzini et al., 2015). De uma
forma geral, a peroxidacdo lipidica aumentada nestas células determina um aumento da
fragilidade osmdtica, 0 que pode ocasionar o rompimento da célula (Pazzini et al.,
2015). Dados anteriores mostraram que a infuséo de BF foi efetiva em reduzir o dano
oxidativo em eritrocitos in vitro (Salgueiro et al., 2013), entretanto, uma abordagem ex
vivo ainda ndo havia sido realizada.

O DM ¢ conhecidamente uma sindrome que afeta de forma globalizada
diferentes 6érgdos e tecidos. Entre esses, o figado é um dos 6rgdos mais afetados
(Mohamed et al., 2016). De fato, um estudo post mortem mostrou a ocorréncia de lesdes
generalizadas no figado de cadaveres de pessoas com DM (Kini et al., 2016). Tanto em
humanos, quanto em modelos animais de DM, essas alteracGes estdo normalmente
associadas ao desenvolvimento de esteatose hepéatica gordurosa ndo alcodlica e ao
aumento do estresse oxidativo (Mohamed et al., 2016).

Para avaliar as alteracBes hepaticas relacionadas ao estresse oxidativo
desencadeadas pelo DM, e os efeitos do tratamento com a BF sobre essas alteracdes,
foram utilizados camundongos machos em um modelo de DM tipo 1 com
estreptozotocina (Artigo 1). Os resultados encontrados confirmam que o DM é uma
condicdo que leva ao desenvolvimento de danos oxidativos importantes no figado dos
animais (Artigo 1).

E possivel inferir que os danos encontrados sdo decorrentes do estresse oxidativo
gerado pela hiperglicemia crénica, secundaria a injecdo de ETZ, j& que 0s animais
permaneceram por trinta dias sem qualquer forma de tratamento. Assim, cabe destacar
que a metabolizagdo hepética e a excrecdo renal da ETZ ocorrem poucas horas apos a

aplicacdo da droga (Karunanayake, Hearse, 1976). Desta forma, tanto a hepatomegalia
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quanto o aumento sérico das transaminases sdo possivelmente alteracGes atribuidas ao
DM descompensado (Portugal et al. , 2011), e ndo uma resposta a toxicidade da ETZ.

De acordo com os dados apresentados, tanto os niveis de EROs, demonstrado
pelo ensaio de oxidacdo da diclorofluoresceina, quanto os niveis de peroxidacéo lipidica
e de proteinas carboniladas estavam aumentados nos animais hiperglicémicos (Figura 5
- Artigo 1). Sabe-se que diferentes processos podem levar ao aumento da producéo de
EROs na hiperglicemia, entre eles estdo a auto oxidacdo da glicose e a formacdo dos
AGEs (Kassab & Piwowar, 2012; Rochette et al, 2014).

Considerando este quadro, as EROs geradas podem interagir com as
biomembranas causando sua peroxidacdo e com proteinas causando sua carbonilagéo,
além da interacdo direta entre glicose e proteinas (glicacédo e glicoxidacdo). Este ultimo
processo pode também explicar a inibicdo encontrada na atividade da enzima d-ALA-D
(Figura 7A - Artigo 1).

Além disso, o aumento da formacdo de EROs pode estar relacionado com a
inibicdo da atividade da enzima catalase (Figura 6B - Artigo 1). Em grande parte dos
casos, 0s danos foram completamente ou parcialmente revertidos pelo tratamento com a
infusdo da BF. Esse achado permite novamente deduzir que a protecdo conferida pela
BF se deve ao seu efeito antioxidante, previsto in silico (Manuscrito 2) e ja demostrado
in vitro pelo nosso grupo de pesquisa (Salgueiro et al., 2013).

Os efeitos da hiperglicemia e do tratamento com a BF também foram avaliados
em relacdo a regulacdo génica da resposta antioxidante (Figura 8 - Artigo 1). Entre os
marcadores avaliados (Nrf2, NQO-1 e HSP70), apenas os niveis de proteinas da enzima
NQO-1 foi aumentado no pancreas de camundongos com DM, e o tratamento com a BF
foi efetivo em reduzir este aumento a niveis de controle.

Sabe-se que a NQO-1 est4 envolvida em eventos de toxicidade e também em
resposta ao estresse oxidativo, através da atuacdo como scavenger do anion superéxido
(Siegel et al., 2004). No entanto, apesar da expressdo de Nrf2 ndo ter sido alterada, é
possivel afirmar que a via Nrf2-ARE provavelmente estava ativa nesta situagdo, ja que é
a via responsavel pelo aumento da expressédo de NQO-1.

No entanto, o aumento da expressdo de NQO-1 possivelmente ndo foi suficiente
para proteger o pancreas contra os danos, jd que, considerando a hiperglicemia

apresentada pelos animais, as células B-pancreaticas permaneceram disfuncionais. Na
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figura 5, abaixo, apresentamos um breve esquema dos possiveis eventos bioquimicos e
fisiologicos envolvidos nos achados apresentados no Manuscrito 2 e Artigo 1.

Outra planta extensivamente utilizada na medicina tradicional é a Achyrocline
satureioides (macela). Em nossos achados, a macela foi a quarta planta mais utilizada
por pessoas com DM na cidade de Uruguaiana/RS (Tabela 4 - Manuscrito 1). Na
medicina tradicional, a macela é normalmente utilizada para o tratamento de disturbios
gastrointestinais, como antidiabética e como anti-inflamatédria (Retta et al., 2012).

Porém, para além do uso do medicinal, no sul do Brasil a macela € considerada
uma planta sagrada. 1sso porque sua colheita é efetuada no dia conhecido como “sexta-
feira santa” ou “sexta-feira da paixdo”, antes do nascer do sol. Suas flores, secas a
sombra para evitar a perda de propriedades medicinais, sdo usadas durante todo o ano
para o tratamento de diversas enfermidades. Além da ingestdo como cha, a macela
também ¢é utilizada para a confeccdo de artesanatos, inclusive travesseiros para bebés,
pois acredita-se que tem o poder de acalmar o sono.

Considerando essa forte tradicdo, as propriedades antioxidantes e o potencial
toxico da infusdo das flores de macela foram testadas in silico e in vitro (Artigo 2). Na
figura 6, abaixo, apresentamos um breve esquema dos principais achados apresentados
nessa publicacao.

Os dados aqui apresentados sugerem que a planta tem baixo potencial
genotoxico in silico e em leucocitos humanos, inclusive em sua dose letal mediana,
determinada em A. salina (Tabelas 2 e 3, Figura 3 - Artigo 2). Além disso, a predicao
antioxidante para os principais compostos identificados foi confirmada in vitro em
diferentes ensaios, inclusive prevenindo a peroxidacdo induzida por ferro e peroxido de
hidrogénio em cérebros de ratos (Tabelas 4, 5 e 6 - Artigo 2).

Tal potencial antioxidante foi identificado também em outros trabalhos, tanto
para 0 extrato bruto, quanto para seus constituintes isolados (Retta et al., 2012). Em
relacdo ao potencial antidiabético, a predicdo para 0s principais componentes
identificados (quercetina, isoquercitrina e acido cafeico) é, de uma forma geral, baixa
(Pa= 0,363; 0,660 e 0,384, respectivamente). A baixa predi¢do foi encontrada inclusive
para o achyrofuran (0,317), composto com atividade antidiabética ja avaliada (Carney
etal., 2002).

Nesse contexto, baixas predigdes podem ser falsamente identificadas em

moléculas com estruturas diferenciadas em relacdo a outras com o efeito antidiabético ja
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conhecido. Isso acontece porque as plataformas de avaliagdo in silico contam com
bibliotecas de fragmentos de compostos com atividades ja identificadas, e, baseado na
comparacdo da relacdo estrutura/atividade do composto novo com compostos ja
conhecidos, podem predizer as possiveis atividades de novas moléculas.

Apesar da baixa predicdo antidiabética, o potencial antioxidante aqui
identificado faz da macela um promissor agente para o tratamento das doencas onde o
estresse oxidativo esteja aumentado. Isso € especialmente interessante, considerando a
larga aceitacdo e o extenso uso dessa planta na medicina popular. Cabe destacar que o
conjunto de achados para a infusdo das plantas aqui testadas séo, em grande parte, ainda
inéditos na literatura.

Finalmente, em relacdo as predi¢cdes farmacologicas realizadas com o uso de
bioinformatica, é importante ressalvar que sdo abordagens complementares muito Uteis
na avaliagdo de compostos de interesse. Contudo, ha de ser considerado que muitas das
atividades atribuidas a plantas na medicina tradicional sdo possivelmente devido ao
sinergismo entre os diferentes compostos presentes no extrato bruto. Assim, a separacdo
de compostos na avaliacdo in silico pode mascarar a real atividade medicinal da planta.

Em suma, os resultados aqui apresentados culminam na tese de que a planta
“pata-de-vaca”, na forma testada, ndo apresenta atividade antidiabética direta. Por outro
lado, tanto a “pata-de-vaca” quanto a “macela” demonstraram uma expressiva atividade
antioxidante. Assim, essas plantas podem vir a ser potenciais agentes terapéuticos para
o0 tratamento complementar do estresse oxidativo relacionado ao DM.

Ainda, abrimos a perspectiva para a avaliacdo da composicao e efeitos destas
plantas em outras formas de extracdo, visto que alguns componentes podem nao ser
extraidos ou ainda serem perdidos na forma popular de uso (infusdo). Da mesma forma,
a avaliacdo do potencial da macela in vivo, e de ambas as plantas em um modelo
experimental de DM tipo 2 pode vir a ser uma interessante alternativa, visto que DM

tipos 1 e 2 séo entidades com diferentes fisiopatologias.
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7. ANEXOS

7.1 Anexo 1 — Parecer do Comité de Etica em Pesquisa (CEP)

MIMISTERICH DA, DG AL AD

UNIVERSIDADE FEDERAL DO PAMPA
Comité de Etica em Pesquisa un pa
Unipampa'CEP - Portaria n® 72809 GR/Unipampa
Registrado na COMEP — Oficio n® 321 VCHSGMMS Unrsermat Tadaraid Pamgs

Endereqo eletrinico: ceplalunipampa,edu, br

Uruguaiana, 16 de janeiro de 2012,

CARTA DE APROVAGAO N° 002 2012

Prezado Pesquisador Responsavel

Gustavo Orione Puntel

Comunicamos que o protocolo de pesquisa intitulado PERFIL BIOQUIMICO
DE INDIVIDUOS DIABETICOS QUE UTILIZAM PLANTAS MEDICINAIS PARA
CONTROLE GLICEMICO: ESTUDOS IN VITRO, registro ProPesg 10.105.11.CEP,
registro Unipampa/CEP 083 2011, foi avaliado por este CEP e esta aprovado para
execugao a partir da presente data.

Lembramos que qualquer alteragio no protocolo de pesquisa submetido a
avaliagdo devera ser comunicada ac Unipampa/CEP imediatamente, bem como
eventos adversos, e que o relatério parcial devera ser entregue em julho de 2012.

Atenciosamente,

Rosana Soibelmann Glock
Coordenadora CEP



7.2 Anexo 2 — Parecer do Comité de Etica no Uso de Animais (CEUA)

MIMISTERID DAFDUCACAD
AD UNIVERSIDADE FEDER AL DO BAMPA
{Lain® 11640, do 11 de jangiro de 200B)

Pro-Eeitoria de Pesguiza
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Fema: (37} 3413 5321, E-madl: LA/ FUNIpampa edu br

PROTOCOLO N° 001/2012

Titulo: : Andlise bioguimica dos efeitos de plantas do género Bauhinia em um
modelo  experimental de hiperglicemia induzida por estreptozotocina em
camundongos

Pesquisador: Gustavo COrione Punizl

Campus: Uruguaiana

Telefone: 55 91194886

E-mail: gustavopuntel@unipampa.edu.brf gustavopuntel@yahoo.com.br

Apds a andlise defalhada do projeto de pesquisa a relatoria do CEUA-Unipampa emite
parecer FAVORAVEL para o cadastro do protocolo e execucdo do referido projeto.

o
r o e
b, A S
el <y Al e L e

o

Luiz E. Henkes
Professor Adjunto
Coordenador do CEUA/Unipampa
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7.3 Anexo 3 — Formulario para entrevista sobre os habitos de consumo de
plantas por pessoas com DM

Entrevistado n°: Data:

Bairro:

Género: Idade:
Escolaridade: ( )Série () Anos de estudo
Estado Civil: Ocupacéo:

Renda mensal:

Tempo de diagnéstico do DM: Tipo de DM:

Faz tratamento com medicamentos ( )Sim ( )Né&o
Quais medicamentos:

Usa regularmente?

Faz controle da alimentacéo ( )Sim ( )Nao

De que forma?

Vocé pratica atividades fisicas ( )Sim ( )Nao

Com que frequéncia?

Utiliza plantas medicinais para tratar o DM ou outros sintomas*?  ( )Sim ( )Né&o

*Descrever quais sintomas na parte especifica

Toma chimarrdo ( ) Sim ( ) Néo
Com que frequéncia toma chimarréo?

Utiliza “jujos” no chimarrao?

Qual o nome da planta ou plantas que utiliza?

Qual parte da planta utiliza ( ) Folha ( )Raiz ( )Semente

( YFruto ( )Flor ( )Caule

Como ¢ feito o preparo da planta?
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Como vocé obtém esta planta? ( ) Cultivada ( ) Comprada ( ) Outra

Observagoes:

Com que frequéncia vocé utiliza esta planta?

( Jumavezaodia ( ) maisdeumavezaodia( )umaveznasemana ( )até3
vezes nasemana ( ) mais de 3 vezes na semana

Qual a quantidade aproximada que vocé consome?
() uma xicara / térmica por dia () mais de uma xicara / térmica por dia

OBS: sublinhar se xicara ou térmica

Como ou através de quem ficou conhecendo as propriedades desta planta?

Hé& quanto tempo faz uso desta planta?

*Para qual sintoma vocé utiliza esta planta?

\/océ observou alguma melhora apds iniciar o uso desta planta? Explique:

Vocé observou algum efeito indesejado apds iniciar o uso desta planta? Explique:

Seu médico sabe que vocé utiliza esse cha/planta?

V/océ apresenta ou ja apresentou:
( )HAS

( ) Problemas visuais

( ) Problemas renais

() Alteracdes circulatorias nos pés e/ou pernas
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( ) Alteracdes de sensibilidade nos pés e/ou pernas
() AlteracBes de temperatura nos pés e/ou pernas
() Dor, dorméncia ou outra sensacdo desagradavel nos pés e/ou pernas

( ) Feridas de dificil cicatrizagdo nos pés e/ou pernas

Ja sofreu alguma amputacao? ( )Sim* ( )N&o

*Anotar dados

Solicitar autorizagdo para exame visual dos pés e pernas*:

*Em caso de constatacdo de leses fazer as orientacfes adequadas e avaliar necessidade de encaminhamento
para especialista.

Vocé acha que algum dos problemas acima tem relacdo com o0 DM?

Solicitar autorizacdo para verificar pressdo arterial (observar condi¢bes necessarias):

Solicitar autorizacéo para verificar peso, circunferéncia da cintura e quadril:

Verificar a existéncia de exames complementares (solicitar autorizacdo para anotar
dados):




