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RESUMO
Dissertagéo de Mestrado
Programa de Pds-Graduacdo em Ciéncias Farmacéuticas

Universidade Federal de Santa Maria

ESTUDO DE TOXICIDADE AGUDA E SUBAGUDA DO EXTRATO BRUTO DAS
CASCAS DE Luehea divaricata Martius EM RATOS WISTAR

AUTORA: LETICIA TEIXEIRA NUNES
ORIENTADORA: Prof.2 Dr.2 LILIANE DE FREITAS BAUERMANN
Santa Maria, 14 de dezembro de 2015

A espécie Luehea divaricata Martius pertence a familia Malvaceae e é conhecida popularmente
como “agoita-cavalo”. Ocorre de forma natural no nordeste da Argentina, no leste do Paraguai
e no norte do Uruguai. No Brasil, predomina nas regifes Sul e Sudeste do pais. As cascas e
partes aéreas sao utilizadas popularmente para cura de feridas na pele, acne e lavagens vaginais.
O presente trabalho teve como objetivo identificar e quantificar compostos fendlicos presentes
na planta e avaliar possiveis efeitos toxicoldgicos durante a administracdo aguda (14 dias) e
subaguda (28 dias) do extrato bruto das cascas em ratos Wistar. As cascas foram secas,
trituradas e maceradas com etanol 70% por sete dias, com agitacdo diaria. O material foi filtrado
e concentrado, obtendo-se assim o extrato bruto. A quantificacdo dos compostos fendlicos foi
realizada por HPLC e nove compostos fenolicos foram evidenciados pela primeira vez na
espécie, dentre eles quercetina (2.69%), acido rosmarinico (1.23%) e vitexina (1.01%). Os
estudos de toxicidade foram desenvolvidos conforme preconizado pela Organization for
Economic Cooperation and Development (OECD) 423 e 407. Na avaliacdo da toxicidade
aguda, foi administrada dose Unica de 2000 mg/kg em ratos Wistar machos e fémeas. Os
animais foram acompanhados durante 14 dias e ndo ocorreu morte ou mudanca no
comportamento. Houve diminuicdo da glicose sérica e aumento da AST nos machos tratados
com o extrato da planta. As fémeas tratadas também apresentaram aumento da AST em relagédo
ao grupo controle. Além disso, também ocorreu aumento significativo das plaquetas nos dois
géneros tratados. O extrato foi classificado na categoria 5, segundo a OECD 423, com LDsg
entre 2000-5000 mg/kg. No teste de toxicidade subaguda ou aguda de dose repetida ratos
machos e fémeas foram divididos em quatro grupos: controle, 100, 200 e 400 mg/kg. Os animais
foram tratados por 28 dias e ndo houve mortalidade ou mudangas no comportamento. Fatores
bioquimicos, parametros oxidativos e histologicos foram alterados, especialmente nas doses de
200 e 400 mg/kg nas fémeas. As alteracdes histoldgicas indicaram leve leséo hepatica e renal,
porém discretas. O aumento da glicose sérica pode ter sido pela alteracdo da fungdo renal e a
reducdo da AST e ALT ndo indicam toxicidade. A genotoxicidade do extrato foi avaliada
através das técnicas de Frequéncia de Micronucleos e Ensaio Cometa. Os resultados obtidos
ndo demonstraram indicios de dano no DNA e unidos aos demais efeitos corroboram com a néo
toxicidade do extrato. Os resultados obtidos neste trabalho colaboram na investigacdo dos
efeitos farmacoldgicos da planta, visto que estabelece o intervalo de dose segura para
administracdo do extrato.

Palavras-chave: Luehea divaricata; Malvaceae; toxicidade.
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The species Luehea divaricata Martius belongs to the Malvaceae family and is popularly known
as "acoita-cavalo.” It occurs naturally in northeastern Argentina, eastern Paraguay and northern
Uruguay. In Brazil, predominates in the South and Southeast. The stem bark and aerial parts
are popularly used for healing wounds in the skin, acne and vaginal washes. This study aimed
to identify and quantify phenolic compounds present in the plant and evaluate possible
toxicological effects during the acute administration (14 days) and repeated dose 28-day of
crude extract of bark in rats. The stems barks were dried, crushed and macerated with 70%
ethanol for seven days and shaken daily. The material was filtered and concentrated, thereby
yielding the crude extract. The quantification of the phenolic compounds was performed by
HPLC and nine phenolic compounds were disclosed the first time in the species, including
quercetin (2.69%), rosmarinic acid (1.23%) and vitexin (1.01%). Toxicity studies have been
developed as recommended by the Organization for Economic Cooperation and Development
(OECD) 423 and 407. In the assessment of acute toxicity, was administered a single dose of
2000 mg / kg in Wistar male and female rats. The animals were followed for 14 days and there
was no death or change in behavior. There was a reduction in serum glucose and increased AST
in males treated with the extract of the plant. Treated females also increased AST compared to
the control group. In addition, there was also significant increase in platelets treated in the two
genres. The extract was classified in category 5, according to the OECD 423, with LDso between
2000-5000 mg / kg. In subacute or acute dose toxicity test repeated male and female rats were
divided into four groups: control, 100, 200 and 400 mg / kg. The animals were treated for 28
days and no mortality or changes in behavior. Biochemical, histological and oxidative factors
have been changed, especially in the doses of 200 and 400 mg / kg in females. Histological
changes indicated mild liver and kidney damage, however slight. The increase in serum glucose
may have been the changes in renal function and reduced AST and ALT do not indicate toxicity.
The genotoxicity of the extract was evaluated through micronuclei frequency technique and
comet assay. The results showed no indications of damage in DNA and attached to other effects
corroborate the statement toxicity. The results of this work collaborate in the investigation of
pharmacological effects of the plant, as establishing the safe dose range to extract
administration.

Keywords: Luehea divaricata; Malvaceae; toxicity.
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INTRODUCAO

A medicina popular é a soma dos conhecimentos, habilidades e praticas baseadas nas
teorias, crencas e experiéncias indigenas de diferentes culturas. Tais artificios sdo usados para
manter a salde, bem como para prevenir, diagnosticar, melhorar ou tratar doencas fisicas e
mentais (OMS, 2008).

No Brasil, o uso de plantas medicinais foi introduzido na cultura atraves dos indios, com
contribuicdes de negros e europeus. O processo de miscigenacdo contribuiu para a
diversificacdo do uso das plantas e seus aspectos medicinais (REZENDE; COCCO, 2002). O
pais abriga a maior biodiversidade do mundo, avaliada em aproximadamente 20% do namero
total de espécies do planeta (CALIXTO, 2000). Mais de 55.000 espécies ja foram catalogadas
de um total estimado entre 350.000 e 550.000 espécies (BRASIL, 2006), entretanto, apenas 8%
das espécies vegetais da flora brasileira foram estudadas em busca de compostos bioativos e

1.100 espécies foram avaliadas em suas propriedades medicinais (SIMOES et al., 2004).

Os vegetais podem dar origem a diversos recursos terapéuticos, podendo ser utilizados
na forma in natura, sob a forma de drogas pulverizadas, extratos brutos, tinturas, ou podem ser
submetidos a processos de extracdo e purificacdo para isolamento de substancias de interesse
(RATES, 2001). Cerca de 80% da populacdo mundial que vive em paises em desenvolvimento
depende de medicamentos a base de plantas como fonte priméria de cuidados com a salde e

essa pratica € vista como parte integrante da cultura dessas comunidades (EKOR, 2014).

Lamentavelmente, grande parte dos fitoterapicos utilizados para automedicacéo e ainda
o0s prescritos, ndo possuem perfil toxicoldgico conhecido e essa préatica pode induzir graves
problemas, visto que, mesmo sendo de baixa toxicidade, podem interagir com outros
medicamentos. O uso tradicional de diversas plantas medicinais baseado na crenga popular da
“naturalidade in6cua”, fez com que muitas plantas fossem avaliadas através de estudos pré-
clinicos e clinicos, com objetivo de constatar sua eficacia e seguranga, ja que o conhecimento
a respeito dos constituintes responsaveis pela atividade farmacoldgica ainda é escasso
(TUROLLA; NASCIMENTO, 2006; SILVEIRA; BANDEIRA; ARRAIS, 2008; FIRMO et al.,
2011).

Diante desses fatos, a Organizacdo Mundial da Saide (OMS) recomendou a seus
Estados membros formular e desenvolver politicas para o uso da medicina complementar e

alternativa nos seus programas nacionais de saude (BIESKI et al., 2012). Assim, em 2006, o
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Ministério da Satde desenvolveu uma Politica Nacional de Plantas Medicinais e Medicamentos
Fitoterapicos, levando em conta a necessidade de reconhecimento da medicina tradicional como
parte integrante dos sistemas de saude e visando garantir 0 acesso e o uso racional de plantas
medicinais e dos medicamentos fitoterapicos com seguranca, eficacia e qualidade, contribuindo

para o desenvolvimento deste setor no pais (BRASIL, 2006).

Dentre as plantas utilizadas na medicina popular brasileira, sem comprovacédo
farmacoldgica, esta a Luehea divaricata Martius (LDM), popularmente conhecida como acoita-
cavalo, estriveira, ivitinga, pau-de-canga e salta-cavalo. As folhas e cascas da planta sdo
empregadas pelos populares na forma de chas, infusbes ou xaropes para tratamento de
reumatismo, leucorreia, blenorragia, disenteria, bronquite (TANAKA; VIDOTTI; SILVA,
2003), controle do nivel de &acido urico, cura de feridas na pele e acne. Nas folhas foi
evidenciada presenga de flavonoides, saponinas, taninos e mucilagem e do extrato bruto
metanolico das cascas do caule ja foi isolado o flavonoide (-) epicatequina (TANAKA et al.,
2005).

O hébito de utilizar plantas sem comprovacdo farmacoldgica elucidada é arriscado,
tornando, assim, importante a investigacdo de possiveis efeitos toxicoldgicos provocados pelo

uso desses vegetais.

Tendo em vista a variedade de indicacGes terapéuticas e seu uso popular, é relevante o
estudo fitoquimico e farmacol6gico de LDM para uma melhor distribuicdo de conhecimentos
dos efeitos provocados pela planta, bem como a seguranga no uso da mesma cOmMo recurso

terapéutico.
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2 OBJETIVOS

2.1 Objetivo geral

Este trabalho tem como objetivo identificar e quantificar metabolitos secundarios
presentes na planta e avaliar possiveis efeitos toxicoldgicos durante a administragdo aguda e
subaguda do extrato bruto das cascas de LDM em ratos Wistar.

2.2 Objetivos especificos

o Delinear o perfil cromatografico da planta por meio de Cromatografia Liquida de Alta
Eficiéncia (CLAE);
o Avaliar a toxicidade aguda in vivo do extrato bruto das cascas de LDM de acordo com

0 Guia OECD 423, assim como a toxicidade subaguda conforme o Guia OECD 407,

o Investigar possiveis alteragdes nos parametros hematolégicos e bioquimicos apds
administracdo do extrato da planta;

o Avaliar os produtos de lipoperoxidacao atraves dos métodos: substancias reativas ao
acido tiobarbitdrico (TBARS) e proteina carbonil e atividade das enzimas catalase (CAT),
superoxido dismutase (SOD), apds administracdo prolongada do extrato bruto das cascas de
LDM;

o Averiguar a genotoxicidade do extrato da planta através do método DNA cometa e

frequéncia de micronucleos;

o Observar alteracdes histologicas no tecido hepatico e renal dos animais.
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3 REVISAO DE LITERATURA
3.1 Metabdlitos secundarios

As plantas produzem uma vasta ordem de componentes organicos, 0s quais S&o
divididos em metabdlitos primarios e metabolitos secundarios. Os metabdlitos primarios
desempenham funcdo plastica, estrutural e de armazenamento de energia, engquanto 0s
secundarios ndo sdo essenciais ao organismo produtor, ndo possuindo relagdo com o
desenvolvimento da planta e conferindo vantagens para sua sobrevivéncia (SIMOES et al.,
2010; TAIZ; ZEIGER, 2006).

Os metabolitos secundarios estdo divididos em classes, cujas principais sdo 0s
polifendis, flavonoides, taninos, saponinas e alcaloides. Os polifendis compreendem uma
grande classe e estdo amplamente distribuidos em alimentos e bebidas de origem vegetal.
Possuem caracteristica antioxidante e o principal mecanismo dessa acdo se da através do
sequestro de espécies reativas de oxigénio, além de possuirem capacidade de quelar ions
metalicos (PORT’S, 2013). Os principais grupos de polifenois sdo os acidos fenodlicos como
acido clorogénico; os estilbenos, como o resveratrol presente nas uvas e vinhos; cumarinas;
ligninas; taninos e flavonoides (VIZZOTO; KROLOW; WEBER, 2010; FALLER; FIALHO,
2009).

Os flavonoides desempenham um importante papel como antioxidantes, fungicidas,
inseticidas, corantes, protetores de raios UV. Possuem propriedade anti-inflamatoria, antiviral,
citotoxica, antimicrobiana e também podem atuar na prevencdo do cancer (SZULTKA et al.,
2013; SIMOES et al., 2010; MASULLO, 2015). Esses compostos sdo classificados com base
na sua hidroxilagéo padréo e grau de insaturacdo no anel C (Figura 1).

Antocramdlia;C Calaqumas HBW"G'E‘ g"’
|
Flavanonas = Fla-mnas Isoflavonas
& =
(o] e

Figura 1 Estrutura quimica dos principais tipos de flavonoides. Fonte: Mar¢o et al. (2008)
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A avaliacdo do potencial terapéutico de plantas medicinais e seus metabdlitos
secundarios € objeto de continuas pesquisas (CECHINEL; YUNES, 1998). Em anélise
fitoquimica das folhas de LDM foi evidenciada presenca de flavonoides, saponinas, taninos
catéquicos e mucilagem. Além disso, alcaloides, dleos fixos, antocianinas, carotenoides e
polissacarideos estdo presentes em menor quantidade (BORTOLUZZI et al., 2002; ALICE,
1995).

Alguns metabdlitos secundarios podem produzir efeitos nocivos. Os alcaloides, por
exemplo, presentes na maioria das plantas do género Solanum, podem causar ndusea, cefaléia
e alguns podem ser cancerigenos (CASTRO, 2006). Plantas que apresentam elevados niveis de
cumarinas podem aumentar o tempo de coagulacdo sanguinea quando consumidas em doses
elevadas (ANDERSON, 1985; ARGENTA, 2011; D’ARCY, 1993). Taninos, por se ligarem a
proteinas e outras macromoléculas também apresentam atividades toxicas como a répida
mortalidade de insetos tratados com taninos condensados evidenciada por Ayres e
colaboradores (1997). Além disso, por serem capazes de se complexar com ions metalicos,
alguns sistemas bioldgicos podem ser prejudicados, visto que utilizam tais ions como cofatores
enzimaticos (MONTEIRO et. al., 2005).

3.2 Toxicidade de plantas medicinais

A maioria das plantas consumidas no Brasil apresentam pouca ou nenhuma
comprovacao de suas propriedades farmacoldgicas, tornando arriscado 0 uso desses vegetais,
jaque podem conter substancias toxicas ao organismo (CASTRO, 2006). De acordo com Veiga
Junior e colaboradores (2005), a toxicidade das plantas medicinais € um problema de salde
publica, visto que ha escassez de pesquisas e fragilidade nas normas brasileiras para o comércio

de plantas medicinais.

Diversos fatores influenciam na toxicidade da planta, como sua contaminagdo por
microorganismos, pesticidas, contaminagcdo por metais pesados, a estacdo do ano que foi
colhida, diferentes processos de extracdo e até mesmo identificacdo botanica errénea (LIMA,
2009).

A Politica Nacional de Plantas Medicinais e Fitoterapicos, publicada através do Decreto

n®5.813 em 22 de junho de 2006, apresenta em suas diretrizes o incentivo ao desenvolvimento
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e & pesquisa no que se refere ao uso de plantas medicinais e fitoterapicos que possam ser
disponibilizados com eficacia, seguranca e qualidade a populacdo, dando prioridade a
biodiversidade do pais (BRASIL, 2006; CARVALHO et al., 2007). Uma vez implementada a
politica, tornam-se necessarios estudos toxicologicos pré-clinicos para oferecer aos
pesquisadores seguranca em relacdo as doses em que aparecem efeitos tdxicos em animais de
laboratério (CASTRO, 2006).

Em 2010, a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) lancou um guia para
orientacdo de estudos ndo clinicos de seguranca durante o desenvolvimento de medicamentos.
No guia estdo inclusos estudos de toxicidade aguda, toxicidade de doses repetidas, reprodutiva,
genotoxicidade, tolerancia local e outros estudos de interesse na avaliacdo da seguranca

farmacoldgica e toxicocinética (BRASIL, 2010).

A avaliacdo da toxicidade é realizada com a finalidade de determinar o potencial de
substancias em causar danos frente ao organismo. Através de alguns testes, é possivel avaliar e
classificar substancias de acordo com a letalidade ou toxicidade, além de evidenciar o potencial
toxico em Orgdos especificos, a tdxicocinética e a relacdo dose-resposta. O teste da dose letal
aguda (DLso) foi muito utilizado anteriormente com o objetivo de encontrar a dose letal de uma
substancia para metade dos animais do grupo testado, contudo eram utilizados mais de 100
animais para cada espécie estudada e, atualmente, novos protocolos séo utilizados. O protocolo
OECD 423, por exemplo, utiliza apenas 3 fémeas a cada etapa. Dessa forma, é possivel
classificar, quanto a toxicidade, uma substancia e ainda diminuir consideravelmente o nimero

de animais utilizados nos experimentos de avaliacdo da toxicidade (MORALIS, 2014).

A toxicidade aguda é aquela em que os efeitos tdxicos em animais sdo produzidos a
partir de uma dose Unica ou mdaltiplas doses do agente toxico em um periodo de 24h. A
observacao dos efeitos se da até 14 dias ap6s administracdo do agente toxico. Sao avaliados,
pardmetros comportamentais, mortalidade, variagdes de peso corporal e ingestdo de racao,
analises hematologicas e bioguimicas. De acordo com o Guia OECD 423, as doses fixas
administradas devem estar entre 5 e 2000 mg/kg/dia e devem ser utilizados 3 animais por dose.
Nesse caso, ndo é exigido o calculo da DLso, ja que o método possui grande precisao estatistica.
(BRASIL, 2010; VALADARES, 2006).

Ja em ensaios de toxicidade subaguda ou de doses repetidas, que podem durar de 28 a
90 dias, estabelecem-se niveis 0s quais ndo sdo observados efeitos toxicos, identificam-se e

caracterizam-se Orgdos afetados, severidade ap0s exposicdo repetida e reversdao dos efeitos
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toxicos (OGA; CAMARGO; BASTIUZZO, 2008). Normalmente sdo utilizadas trés doses,
onde a mais alta é eleita com a expectativa de produzir efeitos observaveis, porém ndo pode
acarretar morte ou sofrimento (BRASIL, 2010). Os animais utilizados devem ser divididos em
grupos de acordo com a dose, além do grupo controle, sendo constituidos por 10 animais (5

machos e 5 fémeas) cada.

3.3 Biomarcadores de toxicidade

Biomarcador é um parametro biolégico o qual indica mudangas mensuraveis em niveis
bioquimicos, moleculares, celulares, fisioldgicos, patoldgicos ou comportamentais dos
processos bioldgicos normais ou respostas farmacoldgicas a uma intervencao terapéutica. Os
biomarcadores sdo excelentes ferramentas para indicar lesdo, especialmente no figado e rins
(GUPTA etal., 2014; GAD, 2014; LOCK & BONVENTRE, 2008).

O figado é o principal 6rgao responsavel por metabolizar xenobi6ticos, portanto torna-
se alvo de diversas patologias relacionadas as drogas. As plantas também sdo potenciais
causadoras de efeitos hepéticos, visto que algumas ervas ja foram identificadas como
responsaveis por causar hepatite cronica e aguda, colestase, insuficiéncia hepética e cirrose
(STICKEL; PATSENKER; SCHUPPAN, 2005).

As transaminases sdo marcadores indiretos e funcionam como provas simples de funcao
hepética. Aspartato aminotransferase (AST) e alanina aminotransferase (ALT) sdo encontradas
no soro quando originarias da ruptura de membranas celulares, como do hepatocito. Além de
estarem presentes no figado podem ser encontradas também em outros 6rgdos como coragéo,
eritrécitos e tecido muscular. Embora as duas enzimas sejam capazes de refletir o dano, a ALT
é melhor indicador que a AST e os resultados precisam ser combinados a outros fatores para
designar efetivo dano hepatico (HUANG et al., 2006; CEQUERA; MENDEZ, 2014; ZHU et
al., 2014).

Os rins assumem a funcdo de filtracdo, reabsorcdo, fungdes endocrinoldgicas e
metabdlicas e, sobretudo, manutengdo da homeostasia. Dessa forma, a diminui¢do da fungédo

renal provoca o comprometimento de outros érgaos.
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A ureia € o principal produto nitrogenado que deriva da degradacdo das proteinas no
organismo. N&o é produzida constantemente durante o dia, tornando sua concentracdo
sanguinea variavel (BASTOS, 2011).

A creatinina sérica (CRE) provém da transformacéo da creatina no tecido muscular e €
livremente filtrada no glomérulo, sendo ativamente secretada em pequenas parcelas. A fungéo
renal pode ser avaliada através da CRE, a qual € utilizada como pardmetro para estimar a taxa
de filtracdo glomerular, mesmo que dependa de outros fatores, como massa muscular do
individuo. Em geral, valores aumentados indicam perda da funcéo renal e o nivel sérico de CRE
relaciona-se proporcionalmente & gravidade da doenca renal (SODRE et al., 2007;
KIRSZTAJN, 2007). Em conjunto, ureia e creatinina podem ser uteis na avaliacdo da taxa de

filtracdo glomerular.

3.4 Radicais livres, estresse oxidativo e antioxidantes

O termo radical livre reporta-se a um atomo ou molécula altamente reativo, o qual existe
de forma independente e possui um elétron desemparelhado em sua Gltima camada eletronica.
Este elétron desemparelhado é que confere instabilidade e alta reatividade ao 4tomo ou
molécula. Os radicais livres podem ser produzidos no citoplasma, na membrana ou nas
mitocondrias e atacam todos os tipos de moléculas do organismo, dentre elas as proteinas,
lipideos e &cidos nucléicos. A expressdo radical livre ndo é ideal para denominar agentes
reativos patogénicos, visto que alguns deles ndo possuem elétrons desemparelhados na Gltima
camada. Sendo assim, como a maioria deriva do metabolismo do O é correto utilizar o termo
“espécies reativas de oxigénio” (FERREIRA; MATSUBARA, 1997; BIANCHI; ANTUNES,
1999; LOBO et al., 2010).

As especies reativas de oxigénio estdo relacionadas ao desenvolvimento de doencas
relacionadas a idade e até mesmo processo de envelhecimento causado pelo estresse oxidativo
ou dano oxidativo, dentre elas o cancer, aterosclerose, diabetes, Alzheimer e outras doencas
neurodegenerativas (HALLIWELL; WHITEMAN, 2004). O dano ou estresse oxidativo ocorre
guando héa desequilibrio entre as espécies reativas e as defesas do organismo, havendo maior
producdo dessas espécies reativas do que da protecdo. Para isso o organismo se utiliza de

defesas antioxidantes.
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Conforme denominagéo utilizada por Halliwell e Gutteridge (2008), antioxidante é
qualquer substancia capaz de retardar, impedir ou eliminar danos oxidativos para a molécula
alvo. Para se proteger, a célula possui um sistema que atua de duas formas: detoxificando o
agente antes que aconteca a lesdo atraves da SOD, catalase e glutationa peroxidase ou reparando

a lesdo ocorrida, por meio do &cido ascorbico e glutationa redutase, por exemplo.

O consumo de antioxidantes naturais, como flavonoides e compostos fendlicos
presentes em diversos vegetais estd associado a baixa incidéncia de doencas relacionadas ao
estresse oxidativo (BEHERA et al, 2008; BOLIGON et al., 2009; PAPETTI et al., 2006). E
possivel investigar estresse oxidativo por meio das enzimas SOD e CAT que integram o sistema
de defesa antioxidante enzimatico. A SOD atua na remocao especifica do radical superdxido,
através da dismutacdo, formando perdxido de hidrogénio (H.02). A catalase encontra-se,
principalmente, no figado, rins e eritrocitos, embora esteja presente em outros 6rgdos como
cérebro, coracdo e musculo esquelético. Essa enzima atua na eliminagdo do H>O>, favorecendo
a sua catalise até agua. (HALLIWELL; GUTTERIDGE, 1985; SCHINEIDER; OLIVEIRA,
2004).

A membrana celular € um dos componentes celulares mais atingidos pelas espécies
reativas de oxigénio em virtude da lipoperoxidacao (LPO) que provoca alteracGes estruturais e
na permeabilidade da membrana. A LPO € uma reacdo em cadeia (Fig. 2), ocorrendo em varias
etapas e o radical hidroxila, com frequéncia, promove este fenémeno. Dessa forma, ocorre
perda de seletividade na troca de ions e ha liberacdo das organelas, formando produtos
citotoxicos, como o malondialdeido (MDA) e proteinas carboniladas excitadas. Logo, é
possivel adotar o MDA e as proteinas como marcadores de estresse oxidativo, visto que pode
ser quantificado indiretamente através do método de substancias reativas ao acido tiobarbitdrico
(TBARS), no caso do produto MDA (BARBOSA et al., 2010).
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3.5 Genotoxicidade

O DNA é uma molécula estavel que pode sofrer alteracdes durante o ciclo de replicacéo.
Caso ndo haja reparo nessas alteracGes, definidas como mutagfes, as mesmas podem se
consolidar e constituir mudangas que passam de geracdo a geracdo. Um grande nimero de
agentes fisicos, quimicos e biologicos sdo capazes de alterar o material genético, dentre eles
antibidticos, pesticidas e conservantes alimenticios. A identificacdo de danos no DNA pode ser
realizada através de testes citogenéticos, como o ensaio cometa e o teste do micronucleo (MN)
(KOHATSU et al., 2007).

O ensaio cometa é um método sensivel para quantificacio de danos no DNA. E utilizado
para detectar lesbes genébmicas que, apds serem processadas, podem culminar na mutacéo. O
ensaio cometa alcalino, descrito por Singh e colaboradores (1988), possibilita mensurar a
ocorréncia de quebra de fita simples e dupla, lesdes de sitios alcali-labeis e cross-links do DNA
(PRA et al., 2006; BRIANEZI; CAMARGO; MIOT, 2009).

O teste de micronlcleos (MN) detecta substancias mutagénicas que quebram os
cromossomos ou que interferem na formacéo do fuso mitotico, alterando assim a distribuicéo
proporcional dos cromossomos durante a divisao celular (FLORES; YAMAGUCHI, 2008).

3.6 Descrigdo da familia Malvaceae

A Familia Malvaceae € representada por cerca de 250 géneros e 4.200 espécies
distribuidas em regifes temperadas. Como sugerido por Bayer e colaboradores e pelo APG |
(Angiosperm Phylogeny Group) (1998), APG 1l (2003) e APG 11l (2009), Bombacaceae,
Sterculiaceae e Tiliaceae foram incluidas na Familia Malvaceae, mantendo cada uma em nivel
de subfamilia (ALVES et al, 2011).

As plantas pertencentes a esta familia sdo herbaceas ou lenhosas, arbustivas ou arbéreas,
folhas alternadas, inteiras e palminérvias. As flores apresentam numerosos estames, com 0

ovario supero, e os frutos sdo geralmente capsulares (AZEVEDO et al, 2005).
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3.7 Descrigéo da espécie Luehea divaricata

A espécie LDM (Figura 3), conhecida popularmente no Rio Grande do Sul como acoita-
cavalo ou agoita-cavalo-vermelho, ocorre de forma natural no nordeste da Argentina, no leste
do Paraguai e no norte do Uruguai. No Brasil, predomina nas regides Sul e Sudeste do pais.
LDM é arborea, de carater deciduo e helidfita, ou seja, vegeta em locais com muita luz (REITZ;
KLEIN; REIS, 1988). O género Luehea compreende diversas espécies, entre elas L.
grandiflora, L. speciosa e L. candidans, também estudadas quanto suas possiveis atividades

farmacoldgicas.

Na idade adulta, as arvores podem atingir até 30 metros de altura e seu tronco é tortuoso,
nodoso e com reentrancias. Sua ramificacdo € irregular e simpodica, com copa larga e densa. A
casca mede até 25 mm de espessura, levemente fissurada com escamas retangulares e pequenas
e tem como caracteristica a aspereza e a cor pardo-cinzentada-escura. As folhas sdo simples,
disticas, alternadas, irregularmente serreadas, com nervuras longitudinais tipicas, discolores,
asperas na face ventral e tomentosas na face dorsal, peciolo ferruginoso, com até 1 cm de
comprimento (CARVALHO, 2008).

Figura 3 Luehea divaricata (acoita-cavalo), foto de Jodo Augusto Bagatini, FloraRS
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3.8 Etnofarmacologia

A etnofarmacologia € uma ciéncia multidisciplinar que estuda a diversidade cultural e
bioldgica, principalmente o uso pela comunidade de espécies vegetais para fins terapéuticos
(FERNANDES, 2005).

O uso medicinal de acgoita-cavalo € relatado por diversos autores. As cascas e partes
aéreas sdo utilizadas para cura de feridas na pele, espinhas e lavagens vaginais. As folhas séo
utilizadas contra disenteria, leucorréia, reumatismo, blenorragia, tumores, feridas e Ulceras
gastricas. A infusdo das flores é usada contra bronquite e a raiz é depurativa (BALBACH, 1993;
BIESKI et al. 2012; CARVALHO, 2007; LORENZI, 1988; TANAKA et al., 2005).
Propriedade anti-inflamatdria, diurética, antianémica, antiespasmodica e antisseptica bucal
também sdo citadas (P10, 1984; ALICE et al. 1995; SILVEIRA e SILVEIRA, 2002).

Em andlises fitoquimicas, foi isolado do extrato metandlico das cascas o flavonoide (-)-
epicatequina, pertencente a classe flavan-3-ol. Além disso, foi evidenciada presenca de
epicatequina, estigmasterol, lupeol e o,3- amirina por cromatografia em camada delgada
(TANAKA et al., 2005; ROSA et al., 2014).

Vargas e colaboradores (1991) realizaram estudo de genotoxicidade em extratos
aquosos de sete espécies vegetais através do teste de Ames (Salmonella/ microssoma). LDM
apresentou resultado positivo, com ativacdo microssomal. O resultado do ensaio foi relacionado

a presenca de flavonoides e taninos nos vegetais.

A DLsg € 0 efeito toxicologico subcrénico do extrato bruto hidroalcodlico das cascas de
LDM foram investigados por Bighetti e colaboradores (2004) em camundongos swiss e ratos
wistar, por via oral e intraperitoneal. Por via oral, o extrato foi administrado na dose de 5,0
mg/kg de peso do animal e ndo mostrou-se toxico por 14 dias. Por via intraperitoneal, foram
administradas doses de 50, 100 e 200 mg/kg, sendo que 0s animais comecaram a apresentar
sinais de toxicidade a partir da dose de 100 mg/kg de peso corporal do animal. A DLsg calculada
foi igual a 123,55 mg/kg, o que classifica o extrato em moderadamente toxico de acordo com

referéncias utilizadas pelos autores.

Em analise de 8 espécies de plantas da flora argentina, Zacchino e colaboradores (1998)
referiram que o extrato diclorometano das cascas de LDM inibiu todos os dermatofitos testados

neste estudo, dentre eles o Trichophyton rubrum, micro-organismo frequentemente isolado em
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lesbes por dermatofitos e 0 Microsporum gypseum, causador das chamadas tinhas de pele e

couro cabeludo.

A cerca da atividade antimicrobiana, Tanaka e colaboradores (2005) descreveram gque 0
extrato bruto metandlico das cascas e suas fragdes aquosa e acetato de etila demonstraram-se
moderadamente ativos contra Staphylococcus aureus. O extrato bruto das cascas apresentou
efeito citostatico na concentracdo de 25 pg/mL, com pequena seletividade entre as linhagens
de células de cancer de rim, pulméo, leucemia e ovario e na concentracao de 250 pg/mL também
com pequena seletividade para linhagens de células de adenocarcinoma, cancer de mama,
préstata, rim e pulmdo. Além disso, apresentou efeito citocida na concentracao de 250 pg/mL,

com pequena seletividade para linhagens de células de cancer no ovéario, melanoma e leucemia.

A atividade antiulcerogénica e determinacdo de possiveis mecanismos de acdo do
extrato bruto das cascas de LDM nesta atividade foi avaliada por Siqueira (2006). Neste estudo,
0 extrato bruto da planta reduziu o indice de lesdes ulcerativas produzido por indometacina e
etanol. Sugeriu-se que o mecanismo envolvido estaria parcialmente relacionado com a
atividade de radicais sulfidrila e pela precipitacdo de proteinas produzida pela presenca de

polifendis.

A respeito da atividade antioxidante, Arantes (2012) inferiu que o extrato hidroalcodélico
das folhas da espécie foi capaz de proteger o cérebro contra LPO induzida, diminuindo niveis
basais de substancias reativas ao &cido tiobarbitirico (TBARS) e demonstrando atividade
antioxidante in vitro em baixas concentragdes. O extrato bruto e as fracdes das folhas de LDM
apresentaram atividade antioxidante em comparag¢do com a quercetina, pelos métodos da 2,2-
difenil, 1-picrilhidrazila (DPPH) e B — caroteno — linolenato (BCB) (MULLER, 2006).



26

APRESENTACAO

Esta dissertacdo apresenta seus resultados na forma de manuscrito, constituido por
introducdo, materiais e métodos, resultados, discussdo e conclusdo. Pretende-se submeter o

manuscrito a revista apropriada.

Além disso, a dissertagdo contempla os itens considerages finais, no qual os resultados
sdo interpretados em conjunto, conclusdes e referéncias bibliograficas, as quais séo relativas as

secdes introducdo, revisdo bibliografica e consideracgdes finais.
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Abstract

The species Luehea divaricata Martius (LDM) popularly knows “agoita-cavalo” is a native tree
of South and Southest of Brazil. In folk medicine the stem barks and aerial parts are common
used for a healing wounds in the skin, acne and vaginal washes. The aim of this study was to
evaluate the acute and sub-acute toxicity of the crude extract from stem bark of LDM in male
and female rats. Presence of nine phenolic compounds was investigated by High Performance
Liquid Chromatography (HPLC). The toxicity study followed the guidelines of the
Organization for Economic Cooperation and Development (OECD) 423 and 407. To evaluate
acute toxicity a single dose of 2000 mg/kg of crude extract from LDM was administered orally
to male and female Wistar rats. The animals were observed for 14 days and evaluated for
behavior change, mortality, haematological and biochemical parameters. In the sub-acute study
the rats were divided into four groups: control, 100, 200 and 400 mg / kg and the extract was
orally administered for 28 days in these concentrations. They were evaluated about the
behavioral changes, mortality, biochemical and hematological parameters, genotoxicity,
oxidative stress and histological analysis. The HPLC results reveal that the plant contains many
compounds and the three main compound were quercetin, rosmarinic acid and vitexin. The
acute administration of crude extract did not caused changes in behavioral and deaths were not
observed. Was observed decreased food intake in both genders and decreased glucose (GLU)
in male rats. Platelets (PLT) and aspartate aminotransferase (AST) activity were presented
increased in males and females. In a sub-acute toxicity study no behavioral changes or mortality
was observed. The results showed increased of GLU in males rats treated with higher doses
(200 and 400 mg/kg) while AST and ALT decreased. Similar to males, in females there was
increase in GLU levels and decreased AST and ALT activity in females who received higher
doses. There were no changes in haematological parameters. Histological analysis of liver and
kidney tissue showed reasonable changes which were consistent with the biochemical changes
observed. After the oral administration of crude extract from LDM stem’s bark, the plant can
be considered of low toxicity, classified in Category 5 according to OECD 423, with LDso
estimated between 2000-5000 mg/kg. The variations observed in sub-acute study showed that
daily adiminstration can cause adverse effects in haematological and biochemical parameters

as well as in hepatic and renal tissue when given in high doses.

Keywords: Luehea divaricata; Medicinal plants; Stem bark; Acute; Sub-acute; Toxicity, Rats
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Introduction

Traditional medicine is the sum total of the knowledge, skills and practices based on the
theories, beliefs and experiences indigenous to different cultures (WHO, 2008). Currently, it is
growing the number of people that use medicinal plants as a complementary or alternative
treatment (Wojcikowski; Johnson; Gobé, 2004). A rich flora with numerous plants brings with
it a potential risk of human poisoning (Ndhlala et al., 2013). The growth of the use of plants for
medicinal purposes should not only by poverty or lack of access to conventional medicine, but
also some assumptions that have not been tested, such as drug resistance and undesirable side
effects of synthetic drugs and dissatisfaction with the usual treatment (Ateba et al., 2014).
However, scientific research is needed to provide additional evidence of its safety and efficacy
(WHO, 2008).

Brazil is the country with the greatest biodiversity on the planet besides having rich
ethnic and cultural diversity, which contributes to the traditional knowledge of the use of
medicinal plants and encourages the development of research related to the therapeutic
properties of these plants. In the country, since 2006, have established The National Policy of
Medicinal Plants and Herbal Medicines (PNPMF) establishing guidelines in order to promote
improvements in the Brazilian population's quality of life extending treatment options offered
to users of the Unified Health System (SUS), respecting the safety and efficacy principles
(Brasil, 2006). In 2010, a guideline for conducting safety nonclinical studies necessary for the
development of drugs was presented by National Health Surveillance Agency (ANVISA) in
order to enable the safety nonclinical studies in a harmonized way and scientifically valid
(Brasil, 2010). From this premise, a list was drawn up on 71 species of plants used in folk
medicine to write prescriptions in SUS. However, there is little or no study regarding the safety
or real pharmacological activity of these plants. Furthermore, the large biodiversity found in

the country is not limited to this list and other plants should be investigated.

Among the herbal medicines that are part of the brazilian flora is Luehea divaricata
(LDM). It is popularly knows as agoita-cavalo and belongs to the Malvaceae family. The plant
is found commonly in northeastern Argentina, eastern Paraguay and northern Uruguay. In
Brazil predominates in the South and Southeast. The bark and aerials parts are use in the folk
medicine for healing wounds in the skin, acne and vaginal washes. A flavonoid (-) epicatechin
was isolated from the stem’s bark (Tanaka et al., 2003; Tanaka et al., 2005). The
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dichloromethane extract of stem’s bark was able to inhibit some fungi dermatophytes (Zacchino
et al., 1998). This study was conducted in order to classify the crude extract of stem’s bark from
LDM as their toxicity and assess the occurrence of changes in behavior or toxic effects on the

animals when given high doses of the extract.

Materials and methods

Plant collection, preparation of material and extraction

The stem’s bark of LDM collected in Itaara (Rio Grande do Sul, State of Brazil) in
January 2013 (coordinates 29°36°31”” S e 53°45°55°°W). Exsiccate was identified and, after, it
was archived, as a dried voucher specimen, and preserved in the herbarium of the Department
of Biology at Universidade Federal de Santa Maria under the registration number SMBD
13.716. The stem’s bark (1,272.68 g) were macerated at with 70% ethanol for a week with daily
shaking and the solvent was renewed several times. After filtration, the hydroalcoholic extract
was evaporated under reduced pressure at a temperature below 40 °C, in order to obtain the

aqueous extract that was evaporated to dryness to furnish a crude extract.

Chemical, apparatus and general procedures

All chemical were of analytical grade. Acetonitrile, phosphoric acid, gallic acid,
chlorogenic acid and rosmarinic acid were purchased from Merck (Darmstadt, Germany).
Catechin, epicatechin, vitexin, rutin, quercetin and luteolin were acquired from Sigma Chemical
Co. (St. Louis, MO, USA). High performance liquid chromatography (HPLC-DAD) was
performed with a Shimadzu Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu,
Kyoto, Japan), equipped with Shimadzu LC-20AT reciprocating pumps connected to a DGU
20A5 degasser with a CBM 20A integrator, SPD-M20A diode array detector and LC solution
1.22 SP1 software.
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Quantification of compounds by HPLC-DAD

Reverse phase chromatographic analyses were carried out under gradient conditions
using Phenomenex Cig column (4.6 mm x 250 mm) packed with Sum diameter particles; the
mobile phase was: (A) acetonitrile: water (95:5, v/v) and (B) water: phosphoric acid (98:2, v/v),
and the composition gradient was: 5% of B until 10 min and changed to obtain 20%, 40%, 60%,
70% and 100% B at 20, 30, 40, 50 and 60 min, respectively, following the method described
by Colpo et al. (2014) with slight modifications. Crude extract of LDM stem’s bark was
analyzed at a concentration of 15 mg/mL. The presence of nine antioxidants compounds were
investigated, namely, gallic acid, catechin, epicatechin, chlorogenic acid, rosmarinic acid,
quercetin, vitexin, luteolin and rutin. Identification of these compounds was performed by
comparing their retention time and UV absorption spectrum with those of the commercial
standards. The flow rate was 0.6 mL/min, injection volume 20 pl and the wavelength were 270
nm for gallic acid, 280 nm for catechin and epicatechin, 327 nm for chlorogenic and rosmarinic
acids, and 365 nm for luteolin, vitexin, quercetin and rutin. The samples and mobile phase were
filtered through 0.45 pm membrane filter (Millipore) and then degassed by ultrasonic bath prior
to use. Stock solutions of standards references were prepared in the HPLC mobile phase at a
concentration range of 0.025 — 0.300 mg/ml for catechin, epicatechin, quercetin, rutin, luteolin
and vitexin, and 0.025 — 0.300 mg/ml for gallic, chlorogenic and rosmarinic acids. The
chromatography peaks were confirmed by comparing its retention time with those of reference
standards and by DAD spectra (200 to 500 nm). Calibration curve for gallic acid: Y = 11964x
+1205.8 (r = 0.9993); catechin: Y = 13079x + 1178.5 (r = 0.9999); epicatechin: Y = 13165x +
1348.1 (r = 0.9997); chlorogenic acid: Y = 12645x + 1187.5 (r = 0.9995); rosmarinic acid: Y =
11849x + 1156.9 (r = 0.9997); vitexin: Y = 12894x + 1168.4 (r = 0.9996); luteolin: Y= 11745x
+1279.1 (r = 0.9993); rutin: Y = 13265x + 1358.6 (r = 0.9995) and quercetin: Y = 12653x +
1184.5 (r = 0.9999). All chromatography operations were carried out at ambient temperature
and in triplicate. The limit of detection (LOD) and limit of quantification (LOQ) were calculated
based on the standard deviation of the responses and the slope using three independent
analytical curves, as defined by Boligon et al. (2013). LOD and LOQ were calculated as 3.3
and 10 o/S, respectively, where o is the standard deviation of the response and S is the slope of

the calibration curve.



32

Experimental Animals

Young adult male and female Wistar rats, 8- to 10-weeks old, were obtained from
Biotério Central da Universidade Federal de Santa Maria (UFSM). Animals were segregated
according to gender and were allowed to adjust to the new environment for 7 days before the
study started. All rats were housed in plastic cages at an ambient temperature of 25°C+1°C and
45-55% relative humidity, with a 12:12 h light/dark cycle and given free access to standard rat
chow and water ad libitum. Animals were handled and experiments carried out in conformity
with the Ethics and Animal Welfare Committee of Universidade Federal de Santa Maria
(CEUA UFSM; Protocol 010/2014).

Acute toxicity study

The oral acute toxicity test was performed using the acute toxicity class method in
accordance with the Organization for Economic Cooperation and Development (OECD)
guideline 423 adoption (OECD, 2001). According to Guidance OECD 423, these procedures
were performed twice with the use of 3 animals of each gender category per step. The first
group received only received distilled water while the second group received 2000 mg/kg body
weight of LDM crude extract freshly prepared in distilled water by gavage. The dose of 2000
mg/kg b.w. corresponds to the maximum dose recommended by the international protocol
adopted (OECD, 2001).

Immediately after dosing, animals were observed 6 and 12 h after the treatment and
every day for 14 days. The animals were observed continuously for mortality, physiological
changes in behavior, eyes, fur and somatomotor activity. On day 14, the animals were
euthanized and their vital organs were individually observed for overt pathology. The body
weight of the animals and the food consumption were monitored daily throughout the study
period. After 14 days, all the animals were subjected to a short fasting period of 8 h and then
were euthanized. The blood was collected from the cardiac puncture in two tubes: one with the
anticoagulant, ethylenediamine—tetraacetate (EDTA) and the other without any additive. The

blood without the anticoagulant was allowed to clot before centrifugation (4000rpm for 10 min)
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to obtain serum, which was utilized for the assessment of glucose (GLU), blood urea nitrogen
(BUN), creatinine (CRE), aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) activities, by using a commercial kit (Diagnostic Kits Laboratory Bioclin/Quibasa,
Minas Gerais, Brazil) and semi-automatic biochemical analyzer (Genz, Bioplus: Bio-2000).
The anticoagulated blood was analyzed immediately for hematological parameters: leukocytes
(WBC), erythrocytes (RBC), hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), red cells distribution width (RDW) and platelet (PLT) counts were determined with
the use of an automatic counter veterinary Mindray BC 2800.

Sub-acute toxicity study

The determination of repeated dose 28-day oral toxicity was carried out according to
OECD qguideline 407 (OECD, 2008). Twenty (20) males and twenty (20) females were
distributed in 4 groups of 5 animals each and the fraction was dissolved in water and
administered by gavage daily once a day for 28 days. The rats were treated as follows:

Group I: control group with water;

Group Il treated with LDM 100 mg/kg;
Group IlI: treated with LDM 200 mg/kg;
Group 1V: treated with LDM 400 mg/kg.

Animals were weighed every 2 days during the whole treated period. After a short
fasting period of 8 h on day 29 of the study the animals were anesthetized and euthanized by
cardiac puncture. The blood samples were collected in two tubes: one with anticoagulant,
EDTA, and the other without anticoagulant. Afterwards, the rats were euthanized and the

kidney and liver were removed, dissected, and fixed in a 10% formalin solution.
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2.6.1. Measurement of hematological and biochemical parameters in rats

Hematological analysis the blood collected with EDTA was analyzed immediately was
performed using an automatic counter veterinary Mindray BC 2800. The parameters included:
WBC, RBC, HGB, HCT, MCV, MCH, MCHC, RDW, PLT, lymphocyte, monocyte,
neutrophil, basophil and eosinophil counts. For biochemical analysis, blood were centrifuged
at 3000rpm for 10 min. Serum was separated for determination of GLU, BUN, CRE, AST and
ALT activities, using a commercial kit (Diagnostic Kits Laboratory Bioclin/Quibasa, Minas
Gerais, Brazil) and semi-automatic biochemical analyzer (Genz, Bioplus: Bio-2000).

2.6.2. Parameters of oxidative stress

2.6.2.1 Lipid peroxidation

Lipid peroxidation was measured by the thiobarbituric acid (TBA) reaction method
(Berton et al., 1998). In brief, samples of liver and kidney were mixed with TBA reagent
consisting of 0.375% TBA and 15% trichloroacetic acid in 0.25-N hydrochloric acid. The
reaction mixtures were placed in a boiling water bath for 30 min and centrifuged at 1811g for
5 min. The absorbance of the supernatant was measured at 535 nm. MDA, a measure of lipid
peroxidation, was calculated using an extinction coefficient of 1.56 x 105/M cm. The results

were expressed as uM of MDA/mg protein.

2.6.2.2 Inhibition of protein oxidation (carbonyl assay)

The increase of protein carbonyls is a distinct symbol when protein oxidation happened.
Here, protein carbonyls in liver and kidney microsome were detected by spectrophotometric
measurement of 2,4-dinitrophenylhydrazone derivatives (es7onm =22,000 M 1cm™1) as

described by Levine et al. (1990); since nitrotyrosine and hemin also absorb at 370 nm, their


http://www.sciencedirect.com/science/article/pii/S0014299906002172#bib21
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spectral contribution was determined in samples not treated with 2,4-dintrophenylhydrazine
and this value was subtracted from samples treated with 2,4-dinitrophenylhydrazine. Total
protein contents were determined by the method of Lowry et al. (1951), using bovine serum

albumin as a standard.

2.6.3 Antioxidant markers

2.6.3.1 Determination of catalase

Catalase activity was measured according to the method of Aebi (1984). One unit of
catalase was defined as the amount of enzyme required to decompose 1 uM of H2O2 in 1 min.
The reaction was initiated by the addition of 1.0 ml of freshly prepared 20 mM H2O.. The rate
of decomposition of H20. was measured spectrophotometrically at 240 nm for 1 min. The

enzyme activity was expressed as U/mg protein.

2.6.3.2 Estimation of superoxide dismutase (SOD)

The activity of SOD was measured according to the method of McCord (1994). For the
determination of SOD activity, xanthine and xanthine oxidase were used to generate superoxide
radicals reacting with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyl tetrazolium chloride to

form a red formazan dye. SOD activity was then measured at 505 nm.
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2.6.4 Genotoxicity

2.6.4.1 Comet assay

This alkaline assay was performed as described by Singh et al. (1988) in accordance
with the general guidelines for use of the comet assay. Were identified, selected and analysed
100 cells from liver and kidney. The cells were visually scored according to tail length and
received scores from 0 (no migration) to 4 (maximal migration). Therefore the damage index
for cells ranged from O (all cells with no migration) to 400 (all cells with maximal migration).

The slides were analysed by triplicate and the data are present as mean + stand error.

2.6.4.2 Micronucleus test (MN)

The cells were fixed with acetic acid and methanol (75:25, v/v), transferred onto clean
microscope slides in duplicates, and then stained with 5% Giemsa. The criteria for scoring cells
with MN were described in a previous report (Thomas et al., 2008). One thousand cells were
counted for each sample, and the results were expressed as the micronucleus frequency per
1000 cells.

2.6.2 Histopathology

Two animals from groups control, 200mg/kg and 400mg/kg were randomly chosen for
histological analysis. The kidney and liver fixed were processed routinely, and then they were
embedded in paraffin, sectioned at 4 um thickness, deparaffinized, renydrated, and stained with
hematoxylin and eosin (H.E) with the use of the standard techniques. For light microscopy

examination, the magnification power used was 10x and 25x.
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Statistical analysis

The data are expressed as means * Standard Deviation (S.D.). All the results were
analyzed by one-way ANOVA, and Tukey test were used in order to compare any significant
differences between the control group and the therapeutic group. The differences between the

groups were considered to be significant when p < 0.05.

Results

HPLC qualitative and quantitative analysis

HPLC fingerprinting of LDM stem’s bark revealed the presence of the gallic acid (tr =
13.07 min; peak 1), catechin (tr = 18.25 min, peak 2), chlorogenic acid (tr = 22.71 min; peak
3), epicatechin (tr = 32.19 min; peak 4), vitexin (tr = 45.86 min; peak 5), rosmarinic acid (tr =
48.21 min; peak 6), rutin (tr = 51.03 min; peak 7), quercetin (tr = 57.82 min; peak 8) and
luteolin (tr = 61.79 min; peak 9) (Fig. 1 and Tab. 1).

mAL
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Figure 1- HPLC profile of LDM stem’s barks. Gallic acid (peak 1), catechin (peak 2), chlorogenic acid (peak 3),
epicatechin (peak 4), vitexin (peak 5), rosmarinic acid (peak 6), rutin (peak 7), quercetin (peak 8) and luteolin
(peak 9).
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Table 1 - Phenolic composition of stem's bark crude extract from LDM.

Luehea divaricata LOD LOQ
Compounds
mg/g % - g/mL - g/mL
Gallic acid 471+0.02°2 0.47 0.015 0.053
Catechin 7.62+0.01° 0.76 0.026 0.084
Chlorogenic acid 493+0.01°2 0.49 0.009 0.031
Epicatechin 5.06 £0.022 0.50 0.018 0.059
Vitexin 10.17 £0.03 ¢ 1.01 0.013 0.049
Rosmarinic acid 12.35+0.01¢ 1.23 0.032 0.105
Rutin 7.48+£0.02° 0.74 0.010 0.034
Quercetin 23.91+0.03° 2.69 0.025 0.079
Luteolin 7.53+0.01° 0.75 0.007 0.023

Results are expressed as mean + S.D. of three determinations. Averages followed by different letters differ by
Tukey test at p < 0.05. LOD, limit of detection; LOQ, limit of quantification.

Acute toxicity study

After the administration of 2000 mg/kg LDM in males and females rats, the crude
extract showed no signs of morbidity and mortality throughout the test period. Was observed
decreased food intake in both genders but without weight gain (Table 2). However,
physiological changes in behavior, eyes, fur and somatomotor activity was not observed and all

animal survived during the period of treatment. No death was recorded.
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Table 2 - Effects of the acute administration of stem’s bark crude extract of LDM on the food
intake of male and female rats.

Sex Parameters (Q) Control 2000 mg/kg
Mal Food intake 138.38 + 14.67 123.69 + 7.90?
ale
Body weight 41.00 + 14.42 36.25 £ 5.25
Food intake 88.23 £ 5.54 61.07 £ 6.09°
Female )
Body weight 36.00 £ 10.95 25.66 * 8.96

Data are expressed as mean + S. D. One way ANOVA followed by Tukey test when appropriate. 2Different from

the control group.

In relation to the biochemical parameters was noted decreased GLU and increased AST
in the male rats treated with the plant compared to the control group. In female rats, was

observed increased AST in the treated animals (Table 3).

Hematological parameters that were evaluated, there was significant increase of PLT in
both genres (Table 4). The other values showed no significant change when compared to the

control group in both genres.
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Table 3- Biochemical parameters analized in males and females rats after acute administration

of crude extract from stem’s bark of LDM

Biochemical Study group
Sex Parameters Control 2000 mg/kg
GLU (mg/dL) 247.00 + 4.35 214.13 + 22.052
BUN (mg/dL) 30,62 + 5.66 30.33 + 2.62
Male CRE (mg/dL) 0.50 £ 0.08 0.42+£0.13
AST (U/L) 71.00 £9.39 120.50 + 21.632
ALT (U/L) 25.18 £ 3.67 23.07 £ 2.83
GLU (mg/dL) 194.33 £ 10.50 212.33 £ 18.45
BUN (mg/dL) 39.97 + 2.85 43.60 +3.79
Female CRE (mg/dL) 0.54 +0.15 0.45 +0.13
AST (U/L) 60.94 £ 5.65 77.60 £ 6.962
ALT (U/L) 29.58 £ 7.63 33.95+£6.52

Data are expressed as mean £ S.D. One way ANOVA followed by Tukey test, when appropriate (n=3). Blood

sugar levels (GLU), blood urea nitrogen (BUN), blood creatinine levels (CRE), aspartate aminotransferase (AST)

and alanine aminotransferase (ALT). Differences between groups were considered to be significant when p < 0,05.



Table 4- Effects of the acute treatment of LDM on erythrocytic parameters, platelets levels,
white cells and differential leukocites count in rats.

Study group
Hematological Parameters
Sex Control 2000 mg/kg
RBC (x108/uL) 8.33+0.67 8.61+0.49
HBG (g/dL) 16.44 + 1.40 17.05+0.71
HCT (%) 44.46 + 3.94 47.02+1.42
MCV (fL) 53.64 +1.37 54.67+2.12
MCHC (g/dL) 36.78 + 0.50 36.22+0.70
RDW (%) 12.32 +0.82 12.75+0.48
PLT (x10%/uL) 1161.25 £ 65.27 1416.66 + 114.452
Male PT (g/dL) 8.08 + 0.36 8.20 + 0.36
WBC (x10%/uL) 11.20+2.28 1222 +2.71
Lymphocytes (%) 74.75+4.99 76.75+5.19
Neutrophils (%) 22.25+4.64 17.00 + 4.69
Monocytes (%) 2.60+1.94 4.00+2.83
Eosinophils (%) 0.60 £ 0.89 2.00+£1.82
Basophils (%) 0.00 + 0.00 0.25+0.50
RBC (x108/uL) 8.24 £0.23 8.88+0.51
HBG (g/dL) 16.14 + 0.36 16.90 + 1.42
HCT (%) 44.86 + 3.94 48.10 +2.77
MCV (fL) 54.46 + 1.52 54.22 +1.38
MCHC (g/dL) 35.94 + 0.44 35.05 + 0.84
RDW (%) 13.78 £ 0.52 13.77£1.18
PLT (x10%uL) 1181.40 £ 82.94 1409.66 + 116.102
Female
PT (g/dL) 8.92+0.71 8.85+0.19
WBC (x10%/uL) 11.02 + 2.02 11.47 + 1.52
Lymphocytes (%) 76.80 +2.95 80.00 £ 4.32
Neutrophils (%) 18.40 +4.98 15.25 +4.99
Monocytes (%) 3.60£2.40 3.75 +2.36
Eosinophils (%) 1.00+0.70 1.00+1.41
Basophils (%) 0.20 + 0.44 0.25 + 0.50

Data show as mean + S.D.One way ANOVA followed by Tukey test (n=3). 2 Different from control group
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Sub-acute toxicity study

When administered for 28 days, the stem’s bark crude extract of LDM induce no
significant changes in weight gain and food intake in both sexes compared to control. Results
showed alteration in the biochemical parameters of males and females rats (Table 5). The
glucose levels increased in males treated with 400mg/kg of the plant crude extract. The enzymes
AST and ALT decreased (p < 0.05) in males treated with 200 and 400 mg/kg when compared
with control group. Similarly, in females there was a increase of glucose levels and decrease
AST activity in the groups treated with doses of 200 and 400 mg / kg of plant crude extract
compared to the control. The ALT declined only in the group treated with highest dose. No

change were noted in other biochemical parameters in both genres.

Table 5- Effects of oral sub-acute treatment with crude stem’s bark extract of LDM in rats on
biochemical parameters.

Sex Biochemical Study group
parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
GLU (mg/dL) 294.00 + 16.29 274.66 £ 15.75 285.87 +19.03 323.33 £11.03?
BUN (mg/dL) 40.17+6.16 36.80 + 5.64 40.46 + 8.49 41.12 +7.65
Male CRE (mg/dL) 0.98+0.12 0.92+0.19 0.95+0.09 0.93+0.11
AST (U/L) 112.22 + 13.83 97.12 + 9.86 79.42 +10.432 85.20 + 12.152
ALT (U/L) 57.21+10.30 56.20 + 7.17 42.22 +5.762 46.14 + 7.60%
GLU (mg/dL) 199.00 + 10.14 201.50 + 7.89 244,20 +12.192 242.50 £ 5.742
BUN (mg/dL) 52.00+2.94 51.25 + 6.55 4750 £ 1.29 46.25+5.31
Female CRE (mg/dL) 0.86 +£0.11 0.78 £0.09 0.84 £0.12 0.79+£0.09
AST (U/L) 110.66 + 8.08 110.25 +6.70 91.00 + 3.36? 77.00 £5.71°
ALT (U/L) 46.25 £ 3.50 42.75 + 3.50 47.80 £ 9.20 30.20 £ 7.122

Data are expressed as meanzS.D. One way ANOVA followed by Tukey test, when appropriate (n=5). Differences
between groups were considered to be significant when p < 0.05. 2Different from the control.

No changes in hematological parameters of males and females rats were observed
(data not shown).
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Figure 2- Effects oxidatives of 28-day oral administration of stem’s bark crude extract of LDM. LPO effects in
male (A) and female (B) kidney. Effects on carbonyl protein kidney of males (C) and females (D) rats. a-b Means
with the diference

Lipid peroxidation and carbonyl assay in the kidney revealed significant differences
between the group treated with the highest dose (400 mg/kg) of the extract in relation to other
groups. These differences were observed in the kidneys of male and female rats (Fig.2).

Enzymes SOD and CAT activity remained unchanged in liver and kidney, with no
significant difference between groups in males and females rats as well as the comet assay and

micronucleus test (data not shown).

The hepatic histological analysis showed that in the control group, males presented the

liver hepatocytes have well-organized and no vacuolation cords, that is normal. The groups
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treated with 100 and 200 mg/kg of plant crude extract showed normal appearance, similar to
the control. In males treated with 400 mg/kg was noted smaller and grouped hepatocytes when
compared to the control. Moreover, it was noted expansion capillary sinusoids. In females, the
group treated with 100 mg/kg showed normal appearance. The group treated with dose 200
mg/kg presented larger hepatocytes (megalocytosis) and the 400 mg/kg group showed increase
in areas with foci of inflammatory cells around the centrelobular vein. Also it was seen

disorganization hepatocyte cell swelling and intense (Fig. 3).

A C
g dt o e
pt pt
B o A D g
8
bt dt dt
pt
8 : : G 8
dt ' *
»
. pt pt
F h :;: 3 H
* p *
J > -4
4 dt
pt Bt dt

Figure 3 - Photomicrography of segment of kidney of female rats with a detail on the right of: A,B) Control kidney
showing architecture normal glomeruli. Note the organization and morphology of the nucleus of the distal and
proximal tubules. C,D) 100mg/kg-treated group showed morphology of proximal tubules cells with normal
appearance. E,F) 200mg/kg-treated group. Observe there are in some areas with tubular (*) and glomerular (arrow)
dilation. E,F) 400mg/kg-treated group present tissue disintegration in the proximal and distal tubules (arrowhead)
and glomerular dilation (arrow). pt, Proximal Tubule; dt, Distal Tubule; g, Glomerulus. Haematoxylin and eosin
(H.E). 10x and 25X, respectively.

The males renal histological analysis showed normal aspect with large spaces and

intense filtration glomerular vascularity and between the tubules in control group. Already in
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the group treated with dose 100 mg/kg cell swelling was observed how in both the glomeruli
and renal tubules in very interstitial vascularization. Presence of intense distal tubular dilatation.
In male treated with dose 200 and 400 mg/kg presence of cell swelling in all regions of the
cortical region of the kidney. The proximal and distal tubules shown to be united as well
depending on the cell swelling. Intense dilation in the distal tubules and the glomeruli without
distinction in the filtration space. Appearance worse than the dose of 100 mg/kg. In females
renal histological analysis, the kidney presented normal aspect in control group. It was seen
swelling and tubular glomerular filtration by the absense space and the distinction between the
proximal and distal tubules in group treated with 100 mg/kg. Similarly it occurred in the group
treated with dose 200 mg/kg, but more sharply. In 400 mg/kg group, renal morphology
resembling the results of the dose 200 mg/kg, but higher in the distal tubules dilation, expansion

in the glomerulus and tube swelling (Fig. 4).
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Figure 4- Photomicrography of segment of kidney of female rats with a detail on the right of: (A,B) Control kidney
showing architecture normal glomeruli. Note the organization and morphology of the nucleus of the distal and
proximal tubules. (C,D) 100mg/kg-treated group showed morphology of proximal tubules cells with normal
appearance. (E,F) 200mg/kg-treated group. Observe there are in some areas with tubular (*) and glomerular
(arrow) dilation. (G,H) 400mg/kg-treated group present tissue disintegration in the proximal and distal tubules
(arrowhead) and glomerular dilation (arrow). pt, Proximal Tubule; dt, Distal Tubule; g, Glomerulus. Haematoxylin
and eosin (H.E). 10x and 25x, respectively.
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Discussion

It is false the concept that herbal drugs are safe and free from adverse effects. Although
they are less frequent when compared with synthetic drugs, controlled studies confirm that these
effects exist (Calixto, 2000). Based on this, acute and subacute toxicity studies assist in the

investigation of effects and damage to the human body such plants.

In the present study, the crude extract of LDM stem’s bark was analyzed by HPLC. The
results reveal that the plant contains many compounds and the three main compound were
quercetin (23.91 mg/g £ 0.03), rosmarinic acid (12.35 mg/g £ 0.01) and vitexin (10.17 mg/g +
0.03). These compounds have been found for the first time in the plant stem’s bark. Quercetin
is a flavonol present in most plants, fruits and vegetables. This compound has anti-inflammatory
property, neuroprotective, anticarcinogenic, antioxidative, anti-aggregatory and vasodilating
effects (Dajas, 2012; Erlund, 2004). Moreover, quercetin can inhibit the formation process of
free-radical initiation when interacts with the superoxide ions, the formation of hydroxyl
radicals by chelating iron ions and lipid peroxidation the peroxy radicals react with lipids
(Behling et al., 2004). In addition to quercetin, this study showed the presence of vitexin in the
extract. The presence of vitexin had already been evidenced by Tanaka et al. (2005) on plant
leaves. Phenolic compounds have antioxidant activity and have been described to prevent
cancer, heart and lung diseases (Scalbert et al., 2005). These compounds may be responsible
for the antioxidant effects as reducing damage on the membrane and the proteins oxidation in
the kidney.

Acute and subacute toxicity studies of a crude extract of the stem’s barks from LDM
was conducted to evaluate the safety of this widely used medicinal plant. In acute test, according
to the oral acute class method used in this experiment, a single oral administration of 2000
mg/kg of the crude extract of LDM did not caused toxic symptoms, neither induced mortality.
This suggests, according to the Globally Harmonisation System of Chemical Substances, that
the LDM should be included in category 5 with LDs estimated between 2000-5000 mg/kg, and
despite not be lethal to the rats it is considered moderately toxic. There were no differences in
water consumption between the control group and the treatment group in males and females
rats. However, there was decreased in food intake in both genres. This fact becomes relevant,
since sporadic changes in food intake can happen (Xiang et al., 2015).
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The biochemical evaluation showed significant reduction in GLU level of male rats
group treated with a single oral dose of 2000 mg/kg. This effect may be related to the presence
of compounds such as terpenoids, alkaloids and also flavonoids, such quercetin, gallic acid and
rutin, which have activity insulinomimetic (Silva et al., 2014). Futhermore, the effect may be
related to decreased food intake as decreasing the intake of carbohydrates, the blood glucose
levels also decrease.

There are many enzymes, such as ALT and AST that are found in the serum, which
originate from the cell fluid. Moreover, some of these enzymes can be found in serum
originating from the rupture of cell membranes. Thus, the detection of such in serum
biomolecules is a tool to assess toxicity (Huang, 2006). This transaminases are distributed by
various organs, but have increased activity in the liver. The results showed increase in serum
AST activity in males and females rats treated with 2000 mg/kg dose in relation of control
group. This may be related to damage to liver tissue, but this result can not be interpreted in

isolation since this enzyme is not present exclusively in the liver. (Silva et al., 2014).

Hematological evaluation, there was an increase in platelet counts in males and females.
This result, although the average can not be considered a toxic effect, since the value is within
the physiological range (837-1455 x 103/mmg) for Wistar rats (Oliveira et al., 2014).

In the sub-acute toxicity experiment, all groups of animals demonstrated normal
behavior, no induced adverse effects or death during the treatment with different doses. No
changes were observed in body weight and food intake between the groups. Relevant
biochemical results were observed at the higher doses (200 and 400 mg/kg). Unlike what has
been observed in the acute treatment, there was increase in the level of serum glucose in males
and females treated with 200 and 400 mg/kg. This result may be related to changes observed in
the kidney histology analysis, since glucose is filtered by glomeruli and it is reabsorbed fully
active form by the renal tubules (Cersosimo, 2003). So, if the kidney is altered, filtration is

impaired and blood sugar increases.

The transaminases AST and ALT are often used to reflect the degree hepatocyte
damage, ALT is seen that the best indicator damage that AST (Zhu et al., 2014). ALT is
restricted to cytoplasm, in the liver while AST is found in mitochondria and cytoplasm. Changes
in these transaminases levels suggest liver disease (Ferreira et al., 2014). The repeated
administration of the crude extract of stem bark of LDM for 28 days induced a significant

decrease in AST and ALT in males than in females. A decrease of these transaminases activities
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could suggest alteration of some hepatic biosynthesis functions, is compatible with the
histological analysis of the liver. Besides, the difference in the profile of transaminases
observed between males and females could be due to the hormonal variations, proposing that

males are more susceptible than females (Florence et al., 2015).

The results of the comet assay and frequency of micronuclei showed no significant

difference when compared to the control, which may enhance non-toxicity of the extract.

Joining the biochemical the histological results, the changes indicate mild liver and
kidney damage, however slight. The liver of females is more inflammation compared to the
control group and males, especially at a dose of 400 mg/kg. The kidneys of females presenting
cell swelling and distal tubular dilatation discrete. Similarly, in males compared to the Kidney,
however in abnormal liver nothing was found. Suggests that the reduction of AST and ALT do
not indicate toxicity. In addition, our study found changes in oxidative parameters that were

similar in both sexes, which we suggest be standard.

Although the present histological changes in the liver and the kidney, no significant
results in the investigation of genotoxicity, reduced AST and ALT enzymes and reduced
proteins and membrane damage allows us to infer that the crude extract of LDM stem’s bark is
moderately toxic and has antioxidant capacity that can be justified by the presence of phenolic

compound in its composition.

Conclusion

Our results showed that the LDM does not show significant toxicity when administered
as a single dose can be conceptualized safe by the OECD and classified as category 5. However,
when administered in different doses for 28 days showed effects on biochemical, histological
and oxidative parameters, which need attention in long-term use of the plant as a medicament.
Regardless of presenting these changes, the lack of significant results in other investigations as
genotoxicity, antioxidants markers and oxidative stress markers shows that the crude extract of
stem bark of LDM is moderately toxic and has good antioxidant capacity by the presence of
quercetin, rosmarinic acid, vitexin and other phenolic compounds identified for the first time in
its phytochemical composition. Further studies will be encouraged to clarify pharmacological

and toxicological mechanisms.
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5 CONSIDERACOES FINAIS

O conhecimento acerca das plantas medicinais denota, na maioria das vezes, 0 Unico
artificio terapéutico de muitas comunidades e grupos étnicos. Dessa maneira, a cultura
medicinal estimula o interesse dos pesquisadores a fim de fomentar estudos na area fitoquimica
e farmacoldgica (VEIGA, 2002)

Este estudo foi motivado devido a caréncia de relatos referentes a toxicidade oral de
LDM e foi desenvolvido a fim de analisar e correlacionar componentes quimicos presentes na
planta a provaveis efeitos toxicoldgicos identificados. Visto que diversos estudos com a planta
dao énfase ao trabalho com as folhas, esta analise utilizou as cascas do caule para investigacédo

da toxicidade.

A quantificacdo de compostos fendlicos foi realizada no extrato bruto das cascas de
LDM e apresentou trés compostos presentes em boas quantidades: quercetina, vitexina e acido
rosmarinico. A quercetina € o principal flavonol presente na dieta e pode ser encontrada em
frutas e vegetais. Atividades biol6gicas como antioxidante, anticarcinogénica, inibicdo da
agregacdo plaquetéria sdo atribuidas a este flavonoide (BEHLING et al., 2004; ERLUND,
2004). A vitexina, flavonoides C-heterosideo, é encontrada principalmente nas folhas do
maracuja (Passiflora alata). Atua no sistema nervoso central e possui atividades sedativas
(EICH, 2011). J4 o 4cido rosmarinico € um éster dos &cidos caféico e 3,4-di-hidroxifenilatico e
é comumente encontrado no alecrim (Rosmarinus officinalis) e na séalvia (Salvia officinalis).
Apresenta atividade antisséptica, antioxidante, antitumoral e anti-inflamatéria (OLIVEIRA,
2010). E importante frisar que os metabdlitos secundarios atuam de forma sinérgica, o que faz
com que o extrato bruto da planta possua maior efeito quando comparado com os compostos

isolados.

Ap0s quantificacdo dos principais compostos fendlicos presentes nas cascas do caule da
planta, iniciou-se a investigacdo da toxicidade oral do extrato bruto de LDM. Os estudos de
toxicidade de plantas ainda séo escassos e faz-se necessaria apuracdo da relagéo risco/beneficio
do seu uso, por meio de estudos pré-clinicos. Os estudos seguiram as diretrizes preconizadas
pela OECD 423 e OECD 407 para avaliar a toxicidade aguda (14 dias) e aguda de dose repetida
(28 dias).
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O objetivo do estudo da toxicidade aguda foi examinar quais seriam os efeitos do extrato
da planta no organismo por um curto intervalo de tempo, com administracdo de dose Unica e
como 0 organismo se comportaria diante desses efeitos. Este estudo foi realizado com ratos
Wistar machos e fémeas, também com objetivo de verificar se ha diferenca nas respostas de
ambos os sexos. Os grupos teste foram tratados com dose Unica de 2000 mg/kg de extrato,
enquanto os grupos controle receberam somente agua destilada. Os animais foram observados

durante 14 dias quanto a mudancas comportamentais, ingestdo de comida e peso corporal.

Ao longo do experimento ndo houve morte em nenhum grupo, sequer alteracOes
comportamentais ou no peso corporal. Notou-se diminuicdo na ingestéo de alimento em ambos
0s sexos, porém este dado ndo foi considerado relevante para o estudo, ja que ocorreu em ambos
0s sexos e essas mudancas podem ocorrer de forma esporadica. A avaliacdo dos parametros
bioquimicos revelou reducdo nos niveis de glicose no soro dos machos do grupo teste. Esse
feito pode ser atribuido a presenca de alguns compostos como os flavonoides, 0s quais possuem
propriedades insulino-miméticas. A analise hematoldgica detectou aumento na concentracao de
plaquetas em ambos os sexos. Apesar do aumento demonstrar-se significativo, de acordo com

Oliveira e colaboradores (2014), esta dentro do intervalo normal para ratos Wistar.

A inexisténcia de sinais de morbidade e mortalidade apds tratamento oral agudo com o
extrato bruto das cascas de LDM sugere seguranca relativa da planta, quando administrada a
curto prazo (BAFOR e IGBINUWEN, 2009).

Na toxicidade subaguda ou aguda de dose repetida, o extrato bruto das cascas da planta
foi administrado em doses diferentes (100, 200 e 400 mg/kg) em machos e fémeas, alem do
grupo controle, o qual foi tratado somente com agua destilada. Cada grupo continha 5 animais
de cada sexo, 0s quais receberam o extrato via oral por gavagem e foram acompanhados
diariamente, por 28 dias. Nenhum sinal de mortalidade ou morbidade foi observado nos grupos,
bem como alteragdo do peso ou ingestdo de comida. Do contrario observado no tratamento
agudo, machos e fémeas tratados com a dose de 400 mg/kg apresentaram aumento significativo
da glicose sérica em relagdo aos demais grupos, do mesmo modo que as fémeas tratadas com
200 mg/kg. Além disso, as transaminases AST e ALT demonstraram diminuicdo significativa
nos grupos teste de 400 mg/kg, em ambos os sexos. Particularmente, houve diminui¢do nos
niveis da AST e ALT em machos e fémeas do grupo 200 mg/kg e apenas a ALT diminuiu nas
fémeas tratadas com dose de 200 mg/kg.
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Conectando esses resultados a analise histoldgica, pode-se inferir que maiores alteracdes
ocorreram nas fémeas, visto que apresentam processo inflamatério no figado maior que nos
machos e grupo controle, principalmente na dose de 400 mg/kg. Além disso, as fémeas
apresentaram tumefacéo celular e dilatacdo tubular distal discretas no rim, 0 mesmo aconteceu
nos machos. Desta maneira, 0 aumento da glicose pode estar relacionado a alteragdo da funcéo
renal, visto que a absorcdo fica deficiente. As alteragdes nos niveis de AST e ALT
provavelmente ndo indicam toxicidade e em conjunto com os resultados de genotoxicidade,
estresse oxidativo e capacidade antioxidante corroboram a toxicidade moderada do extrato

bruto das cascas da planta quando administrado na forma oral.
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6 CONCLUSAO

e O perfil cromatografico de Luehea divaricata revelou presenca dos compostos fenélicos
vitexina, &cido rosmarinico e quercetina, encontrada em maior concentracao;

e Naavaliacdo de toxicidade aguda do extrato bruto das cascas de L. divaricata ndo houve
mortalidade ou mudangas comportamentais. Nao houve alteracdo no peso dos animais e a
diminuigdo na ingestdo de comida foi considerada irrelevante. Assim, mesmo com
alteracOes detectadas em alguns parametros bioquimicos e hematolégicos, o extrato foi
classificado na categoria 5, com LDso entre 2000-5000 mg/kg, conforme o Guia OECD
423;

e No estudo de toxicidade subaguda, verificou-se aumento na glicemia de machos e
fémeas, relacionado a deficiéncia de absorcao de glicose pelos rins. As enzimas AST e ALT
diminuiram nos animais que foram tratados com as doses mais altas, sugerindo alteracdes
na biossintese hepatica;

e Houve diminuicdo na lipoperoxidacdo e no dano nas proteinas, o que foi atribuido a
presenca de compostos fendlicos na composicdo fitoquimica da planta. Os marcadores
antioxidantes SOD e catalase ndo foram alterados e ndo houve indicios de genotoxicidade
nos ensaios realizados. Esses resultados unidos as analises histologicas o figado e rins

corroboram com néo toxicidade da planta;

Assim, a partir dos resultados obtidos, pode-se inferir que LDM pode ser segura, ja
que os resultados mostram alteracdes leves, ndo indicando toxicidade da planta para o
organismo. Futuras investigacdes acerca da toxicidade cronica devem ser realizadas, a fim

de tracar um perfil toxicolégico de LDM.
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