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A espécie Celtis iguanaea é popularmente conhecida como espordo-de-galo, e suas folhas séo
utilizadas na medicina popular para o tratamento de dores no corpo, reumatismo, asma,
colicas, ma digestdo, Ulceras e como diurético, e as raizes para infeccdes urinarias. O presente
trabalho objetivou contribuir para o estudo fitoquimico, antioxidante e antimicrobiano das
raizes da planta, assim como avaliar a toxicidade aguda e subaguda das folhas de C. iguanaea.
As folhas e raizes da planta foram secas, trituradas e maceradas com etanol (70%) por sete
dias, com renovacdo do solvente. O material foi filtrado e concentrado em evaporador
rotatorio a fim de obter o extrato aquoso (EA). Parte do EA das raizes foi levado a secura
originando o extrato bruto (EB), e o restante foi fracionado sucessivamente com
diclorometano (DCM), acetato de etila (AcOEt) e n-butanol (BuOH). Todo o EA das folhas
foi levado a secura para obter EB. Na analise fitoquimica e antioxidante das raizes, a fracdo
AcOEt apresentou a maior quantidade de polifenois (221,55 + 0,28 mg equivalentes de acido
galico/g), flavonoides (28,80 + 0,09 mg equivalentes de quercetina/g) e alcaloides (3,96 +
0,32 mg/g) e a melhor capacidade antioxidante através do método do DPPH (ICso = 27,97 £
0,35 pg/mL), TBARS (ICso = 42,03 £ 4,55 pg/mL) e pelo teste de poder de redugédo (ECso =
0,86 + 0,13 mg/mL, mas sem diferenca estatistica em relacdo aos outros extratos). Esta fracao
também foi capaz de remover radicais livres de modo significativo, através do ensaio da
DCFH-DA e capaz de reverter completamente o dano oxidativo através do ensaio da proteina
carbonil. No que diz respeito a avaliacdo da toxicidade das folhas, uma Unica dose de 2000
mg/kg de extrato bruto administrada a ratos Wistar, ndo causou mortalidade ou morbidade,
desta forma, o extrato foi classificado na categoria 5 (LDso entre 2000-5000 mg/kg) de acordo
com o Guia OECD 423. No ensaio subagudo, os animais foram divididos em quatro grupos:
controle e os experimentais (doses de 100, 200 e 400 mg/kg) durante 28 dias. Observou-se um
aumento na glicemia dos animais, indicando uma possivel toxicidade pancreatica. Por outro
lado, alteracfes enziméticas e a analise histologica indicaram que o0 extrato ndo possui efeito
hepatotoxico, mesmo na maior dose de extrato utilizada. O resultados ajudam a elucidar
algumas caracteristicas fitoquimicas e antioxidantes da espécie e mostram que C. iguanaea
pode ser considerado seguro.

Palavras-chave: Espordo-de-galo. Antioxidante. Toxicidade. Cannabaceae.
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The Celtis iguanaea species is popularly known as “espordo-de-galo” and its leaves are used
in folk medicine to treat body aches, rheumatism, asthma, colic, indigestion, ulcers, and as a
diuretic, and roots for urinary tract infections. This study aimed to contribute to the
phytochemical, antioxidant and antimicrobial study from plant roots, as well as investigated
the acute and subacute toxicity of the leaves of C. Iguanaea. The leaves and roots of the plant
were dried, triturated and macerated with ethanol (70%) for seven days, with renewal of the
solvent. The material was filtered and concentrated in a rotary evaporator to obtain the
aqueous extract (AE). Part of the AE roots was taken to complete dryness yielding the crude
extract (CE) and the remainder was fractionated successively with dichloromethane (DCM),
ethyl acetate (EA) and n-buthanol (BU). All EA leaves was taken to dryness to give EB. In
the antioxidant and phytochemical analysis of roots, the EA fraction showed the highest
amount of polyphenols (221.55 £ 0.28 mg gallic acid equivalents/g), flavonoids (28.80 + 0.09
mg quercetin equivalents/g) and alkaloids (3.96 + 0.32 mg/g) and the best antioxidant
capacity by DPPH method (ICso = 27.97 + 0.35 pg/mL), TBARS (ICs0 = 42.03 + 4.55 pg/mL)
and the reduction of power test (ECso = 0.86 £ 0.13 mg/mL, but no statistical difference
compared to other extracts). This fraction was also capable of removing free radicals
significantly through testing of DCFH-DA and able to completely reverse the oxidative
damage by protein carbonyl assay. As regards the assessment of the toxicity of the leaves, a
single dose of 2000 mg/kg of crude extract administered to rats did not cause mortality or
morbidity, so, the extract was classified in categoty 5 (LDso entre 2000-5000 mg/kg) in
accordance with OECD 423. The guide subacute experiment, the animals were divided into
four groups: control and experimental (doses of 100, 200 and 400 mg/kg) for 28 days. There
was in increase in blood sugar of the animals, indicating a possible pancreatic toxicity.
Moreover, enzyme levels and histological analysis indicated that the extract does not
hepatotoxic effect, even at the highest dose used. The findings contributed to reveal some
phytochemicals and antioxidants characteristics of the species and show that C. iguanaea can
be considered safe.

Keywords: Espordo-de-galo. Antioxidants. Toxicity. Cannabaceae.
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INTRODUCAO

O uso das plantas para o tratamento, cura e preven¢do de doencas é uma das praticas
medicinais mais antigas da humanidade. As civilizagOes primitivas logo perceberam que ao
lado das plantas que usavam como alimentos, existiam outras que, dotadas de maior ou menor
toxicidade, ao serem experimentadas no combate as suas enfermidades, revelavam grande
potencial curativo. Todas as informacOes sobre essas plantas medicinais foram sendo
transmitidas oralmente as geraces posteriores, para depois, com 0 aparecimento da escrita,
passarem a ser guardadas como um tesouro precioso (CUNHA, 2005).

Uma nova fase da utilizacdo de plantas medicinais deu-se inicio a partir do final do
século XIX, com a substituicdo progressiva destas e dos seus extratos, pelos compostos
responsaveis por sua agao farmacoldgica. Nos tltimos 50 anos, devido ao desenvolvimento de
métodos analiticos cada vez mais modernos, apoiados em aparelhos cada vez mais
sofisticados, pode-se obter um melhor conhecimento da composicdo quimica dos farmacos
vegetais e estrutura dos seus principios ativos. Atropina, &cido salicilico, colchicina, digoxina,
morfina e quinina sdo alguns exemplos de farmacos extraidos de plantas. A maioria foi
descoberta por meio da investigacdo das curas tradicionais e conhecimentos populares
(GILANI e ATTA, 2005).

Os produtos naturais sdo muito reconhecidos pela sua importancia no desenvolvimento
de modernas drogas terapéuticas, ndo somente quando seus constituintes sdo usados
diretamente como agentes terapéuticos, mas ainda como matérias-primas para a sintese, ou
modelos para compostos farmacologicamente ativos (WHO, 2003). Estima-se que
aproximadamente 40% dos medicamentos atualmente disponiveis foram desenvolvidos direta
ou indiretamente a partir de fontes naturais (CALIXTO et al.,, 2001). Das 252 drogas
consideradas bésicas e essenciais pela OMS, 11% sdo originarias de plantas e um numero
significativo sdo drogas sintéticas obtidas de precursores naturais (RATES, 2001).

O Brasil, por possuir a maior biodiversidade do planeta, associada a uma rica
diversidade étnica e cultural, detém grande potencial para o desenvolvimento de pesquisas
com plantas medicinais (BRASIL, 2006). Apesar de possuir cerca de 100.000 espécies
vegetais superiores catalogadas, menos de 10% dessas tem estudos cientificos que as validem

quanto a qualidade, eficécia e seguranca. Desta forma, a partir de novos farmacos de origem
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vegetal ainda ndo estudados, muitas patologias que permanecem sem um tratamento
adequado, poderdo ser tratadas de forma mais eficiente (SIMOES et al., 2010).

No intuito de estabelecer as diretrizer para a atuacdo do governo brasileiro na area de
plantas medicinais e fitoterapicos, foi elaborada a Politica Nacional de Plantas Medicinais e
Fitoterdpicos como um dos elementos fundamentais de transversalidade na implementagéo de
acOes capazes de promover melhorias na qualidade de vida da populacdo brasileira. Essa
politica foi aprovada por meio do Decreto N° 5.813, de 22 de junho de 2006 (BRASIL, 2006).

Por sua vez, a Politica Nacional de Praticas Integrativas e Complementares no SUS,
pactuada na Comissao Intergestores Tripartite, aprovada pelo Conselho Nacional de Saide no
ano de 2005 e publicada por meio da Portaria N° 971, 3 de maio de 2006, propos a incluséo de
plantas medicinais, fitoterapia, homeopatia, medicina tradicional chinesa, acupuntura e
termalismo social/crenoterapia como opc¢bes terapéuticas no sistema publico de saude
(BRASIL, 2006). Junto com este documento, houve a elaboragcdo da Relagdo Nacional de
Plantas Medicinais e de Fitoterdpicos (Rename-Fito) e o provimento do acesso a plantas
medicinais e fitoterapicos aos usuarios do SUS (BRASIL, 2006).

A Agéncia Nacional de Vigilancia Sanitaria (ANVISA) tem elaborado normas para a
regulamentacdo dos medicamentos fitoterapicos. A resolucdo da Diretoria Colegiada, RDC n°
48 de 16 de marco de 2004, tem como base principal a garantia da qualidade do medicamento
para o consumidor por meio de varios critérios que abrangem avaliacdo farmacéutica, padrdes
para 0 material vegetal bruto, composicdo das preparacOes fitoterapicas, estabilidade do
produto final e comprovacdo da eficicia e seguranca (BRASIL, 2004).

Apesar da grande evolucdo da medicina alopatica e 0s investimentos para
regulamentacdo dos medicamentos fitoterdpicos e plantas medicinais, existem ainda
obstaculos basicos na sua utilizacdo pelas populagdes carentes que, associados com a facil
obtencdo e a grande tradicdo do uso de plantas medicinais, contribuem para a utilizacdo desta
terapia alternativa, principalmente dos paises em desenvolvimento (VEIGA e PINTO, 2005).
Estas plantas da flora nativa sdo consumidas no Brasil com pouca ou nenhuma comprovacéo
de suas propriedades farmacoldgicas ou efeitos toxicos. Autores sugerem a existéncia de uma
crenga da populacdo de ndo existir efeito prejudicial & saide com o emprego de plantas
medicinais (SCHENKEL, 1995; MARQUES, 2001). Isto, entretanto, ndo é verdade, sendo a
toxicidade de plantas um risco para a populacdo e a mesma deve ser alertada quanto ao seu
uso indiscriminado.

Dentre as inlmeras espécies vegetais de interesse medicinal, encontra-se Celtis

iguanaea, pertencente a familia Cannabaceae e conhecida popularmente como espordo-de-
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galo. Amplamente distribuida no sul da América do Sul, ainda é uma planta pouco conhecida
do ponto de vista fitoquimico. Sabendo-se da ampla variedade de indica¢6es terapéuticas com
base somente no uso popular, como em casos de dores no corpo, reumatismo, dores no peito,
asma, colicas, ma digestdo e como diurético, tornam-se importantes novos estudos que
descrevam o0s constituintes quimicos e possiveis atividades biologicas da planta, como
também sua toxicidade, para que desta forma, possa se contribuir para o conhecimento da

flora brasileira e também buscar novos compostos bioativos de interesse.
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2 OBJETIVOS

2.1 Objetivo geral

Este trabalho tem por objetivo geral realizar o estudo fitoquimico das raizes de Celtis
iguanaea, analisar as capacidades antioxidante e antimicrobiana, assim como avaliar a

toxicidade das folhas da planta.

2.2 Objetivos especificos

e Realizar a andlise fitoquimica qualitativa preliminar do extrato bruto das raizes de Celtis
iguanaea,;

e Realizar o doseamento de compostos fendlicos, flavonoides, taninos condensados e
alcaloides do extrato bruto e fragdes das raizes da planta;

e Delinear o perfil cromatografico das raizes e das folhas planta por meio de Cromatografia
Liquida de Alta Eficiéncia (CLAE);

e Testar a atividade antimicrobiana do extrato bruto e das fragdes das raizes utilizando a
técnica de micro diluicdo em caldo;

e Avaliar a capacidade antioxidante do extrato bruto e das fragdes das raizes pelo método
colorimétrico do DPPH, a peroxidacédo lipidica pelo método do TBARS, a inibi¢cdo da
oxidacdo de proteinas pelo método da proteina carbonil e o poder de reducdo dos
extratos;

e Determinar a formacao intracelular de EROS através do método da DCFH-DA (raizes);

e Auvaliar a toxicidade aguda ex vivo do extrato bruto das folhas de C. iguanaea de acordo com
0 Guia OECD 423;

e Auvaliar a toxicidade subaguda ex vivo do extrato bruto conforme o Guia OECD 407.

e Verificar possiveis alteragcdes nos parametros hematoldgicos, bioguimicos e histopatolégicos

apos administracdo aguda e subaguda do extrato bruto das folhas de C. iguanaea.
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3 REVISAO BIBLIOGRAFICA

3.1 Estresse oxidativo e capacidade antioxidante

Os radicais livres sdo estruturas que possuem na parte quimica um ou mais elétrons
desemparelhados, sendo, em sua maioria, muito instaveis, altamente reativos e de meia vida
curta. A geracdo destas espécies reativas de oxigénio (ERO), de nitrogénio (ERN), entre
outras, é parte integrante do metabolismo humano e pode ser encontrada em diversas
condicdes fisiologicas. Os ERO e ERN desempenham papéis fisioldgicos importantes como o
controle da pressdo sanguinea, na apoptose e na fagocitose de agentes patogénicos. Sua
producdo também pode ocorrer a partir de fontes exdgenas, como a radiagdo ionizante, raios
UV, fumo, substancias toxicas como solventes, herbicidas e drogas (quimioterapicos), entre
outros (SANTOS, 2006; VASCONCELOS et al., 2007).

Os organismos vivos possuem sistemas antioxidantes enddgenos que ajudam a manter
a formac&o de radicais livres em niveis toleraveis. Quando ocorre um desequilibrio entre o
sistema pré e antioxidante, com predominio dos oxidantes, gera o estresse oxidativo com
dano consequente (SCHAFER e BUETTNER, 2011). Alteracdes de funcBes e morte celular
podem ocorrer quando 0s agentes oxidantes causam danos excessivos aos componentes
celulares, oxidando lipideos, lisossomas e membranas mitocondriais (GORDON, 1996). As
reacOes dos radicais livres resultam em danos celulares por diferentes mecanismos que
precedem a varias patologias, como inflamagdes, reumatismos, doencas gastrintestinais,
isquemias, doencas cardiovasculares, inducdo do cancer, desordens no sistema nervoso e
processos neurodegenerativos (CHOI, 2002). Desta forma, torna-se importante a busca por
substancias quimicas capazes de inibir estes processos de oxidacdo in vivo sem apresentar
risco a saude humana (CHO et al., 2003).

As plantas produzem uma variedade de substancias antioxidantes que mitigam 0s
danos moleculares produzidos por radicais livres, podendo ser utilizadas como alternativa de
prevencdo e reducdo de doencas relacionadas ao estresse oxidativo. Os compostos fendlicos
sdo a classe mais importante dessas substancias encontradas nos vegetais (TSUDA et al.,
1994; ZIELINSKA; GULDEN; SEIBERT, 2003). Dentre os varios polifendis, os flavonoides
séo, talvez, o grupo mais importante (DI MAMBRO e FONSECA, 2005).
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3.2 Atividade antimicrobiana

O uso de extratos vegetais e fitoquimicos com propriedades antimicrobianas pode ser
de grande importancia em tratamentos terapéuticos. Devido ao fato de, em geral, as bactérias
adquirirem resisténcia aos antibidticos, aumentou-se a necessidade de buscar novos
compostos que possam ser utilizados no tratamento de infec¢Bes bacterianas e fungicas. Nos
ultimos anos, muitos estudos tém sido realizados em diferentes paises para comprovar a
eficiéncia de plantas como agentes antimicrobianos, atividade relacionada aos compostos
sintetizados em seu metabolismo secundério, como compostos fendlicos (BOLIGON et al.,
2013; MOURA-COSTA et al., 2012; PANGHAL; KAUSHAL; YADAYV, 2011).

Além dos polifendis, Oleos essenciais, alcaloides, quinonas, flavonas, flavonols,
flavonoides, taninos e cumarinas representam os principais grupos de compostos extraidos de
plantas com propriedades antimicrobianas descritos na literatura (DUARTE et al., 2007;
HATANO et al., 2005; MOREL et al., 2005).

3.3 Metabadlitos secundarios

3.3.1 Definicdo, funcdo e importancia

Metabolismo é o conjunto de reacBes que continuamente estdo ocorrendo em toda
célula viva. Os compostos quimicos formados, degradados ou simplesmente transformados
por essas reacdes sdo chamados metabdlitos. O metabolismo primario fornece as substancias
envolvidas nas funcdes béasicas e essenciais da vida celular, como respiracédo e biossintese de
aminoacidos e outras substancias necessarias para a vida da célula. Basicamente, todos 0s
organismos convivem com 0s mesmos metabdlitos priméarios. Os metabolitos secundarios,
encontrados em vegetais, micro-organismos e, em menor escala, animais, sdo especificos das
espécies, e embora ndo necessariamente essenciais para 0 organismo produtor, garantem
vantagens para sua sobrevivéncia e para a perpetuacéo das espécies (SIMOES et al., 2010).

Diversas fungbes sdo atribuidas aos metabolitos secundarios, como defesa contra

herbivoros, protecdo contra raios UV, atragdo de polinizadores e de animais dispersores de
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sementes, entre outras. Esses metabolitos frequentemente apresentam atividades bioldgicas
interessantes. Varios pesquisadores da &rea farmacéutica, agrondmica e alimentar descrevem
a importancia dos metabdlitos secundarios, principalmente por serem fontes promissoras de
moléculas potencialmente Gteis ao homem (BRAZ FILHO, 2010).

Dentre estes metabolitos, encontram-se 0s compostos fendlicos, pertencentes a uma
classe de substancias quimicas que incluem uma grande diversidade de estruturas, simples e
complexas, que possuem ao menos um anel aromatico com um ou mais grupamentos
hidroxilas (SIMOES et al., 2010). Dentre os polifendis pertencentes aos vegetais encontram-
se os derivados da cumarina, ligninas, taninos, flavonoides e terpenoides.

Os flavonoides sdo uma classe de compostos fendlicos que funcionam como ativos
farmacoldgicos em muitas plantas medicinais. Sao atribuidos a essa classe de polifendis
propriedades como anti-inflamatdria, antiviral, antimicrobiana, entre outras (SIMOES et al.,
2010). Muitas das acOes biologicas dos flavonoides foram atribuidas as suas propriedades
antioxidantes potentes, como, por exemplo, a prevencao da oxidacdo de lipoproteinas de baixa
densidade (ARAUJO et al., 2005).

Plantas ricas em taninos sdo empregadas pela medicina tradicional no tratamento da
diarreia, hipertensdo arterial, reumatismo, hemorragias, feridas, queimaduras, problemas
estomacais, problemas renais e do sistema urinario, processos inflamatérios em geral
(SIMOES et al., 2010) e como antissépticos (acdo antibacteriana e antiflingica) (CUNHA,
2005).

Alcaloides sdo substancias basicas nitrogenadas, pouco sollveis em &gua e dotados de
uma estrutura complexa onde os 4&tomos de nitrogénio sdo parte de um anel heterociclico da
molécula. Estes compostos sdo responsaveis por muitas atividades farmacoldgicas, tais como
antibacteriana, antitumoral, hipoglicemiante, diurética, anestésica, analgésica, cardiotonica,
psicoestimulantes e neurodepressores (LIM et al., 2009).

Os fitoesteroides, esteroides das plantas, possuem uma grande variedade de beneficios
reconhecidos cientificamente para varias doencas fisicas, aterosclerose, cancer de préstata e
de célon (NAIR; KANFER; HOOGMATTENS, 2006; RAO e JANEZIC, 1992). Os
esteroides mais abundantes das plantas sdo o p-sitosterol, o campesterol e o estigmasterol
(ALASALVAR et al., 2003).
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3.4 Toxicidade de plantas medicinais

As plantas medicinais da flora nativa do Brasil sdo consumidas com pouca ou henhuma
comprovacao de suas propriedades farmacoldgica e possiveis efeitos toxicos. A toxicidade de
plantas medicinais e fitoterapicos pode parecer trivial quando comparada com a toxicidade
dos medicamentos alopaticos. No entanto, ja existem muitos investigacGes cientificas que
evidenciam a toxicidade de alguns compostos e alertam para 0s riscos do consumo
indiscriminado de plantas que os contém (TUROLLA e NASCIMENTO, 2006; VEIGA E
PINTO, 2005).

Por exemplo, podemaos citar 0 Ginkgo biloba (Ginkgoacae), muito utilizado na medicina
tradicional, mas ha relatos de casos de efeitos toxicos em pessoas idosas, como hemorragia
intracerebral espontanea, hematoma subdural lateral, hemorragia parietal, dentre outras
(CUPP, 2000). O é&cido ginkgolico (Figura 1), alquilfenois e outros compostos presentes nos
extratos de ginkgo apresentam um alto nivel de potencial téxico (BARON-RUPPERT e
LUEPKE, 2001).

COOH

HO e N

Figura 1. Acido ginkgdlico

Estudos da literatura sobre os efeitos toxicos da kava-kava (Piper methysticum),
revelaram uma seérie de efeitos indesejaveis, tais como sedacdo diminuicdo do estado de
alerta, fadiga, problemas gastrointestinais, alteracGes visuais e de equilibrio. Esta planta
também pode potencializar os efeitos de depressores do sistema nervoso central (ex. Etanol e
barbitdricos) (PEPPING, 1999; WOOLTORTON, 2002).

De acordo com dados do Sistema Nacional de Informacgdes Toxico Farmacologicas
(SINITOX), no ano de 2010, foram registrados no Brasil 1132 casos de intoxica¢cdo humana

por uso de plantas, sendo que desses, 5 foram a 6bito, apresentando uma letalidade de 0,32%,
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enquanto que medicamentos apresentaram uma letalidade menor, de 0,26% (SINITOX,
2010).

A maioria dos problemas com a administracdo de fitoterapicos e drogas vegetais resulta
da dose, posologia ou dia de administracdo inadequadas; da forma imprépria do preparo; do
uso continuo; associacao de varias plantas, interacdo com farmacos sintéticos; contaminagdo
da planta com metais pesados; residuos de pesticidas e adulteracdo de produtos nao
declarados na embalagem. Soma-se a isso, 0 nimero de espécies diferentes com a mesma
sinonimia popular e que sao utilizadas como se fossem a mesma planta por nao apresentarem
a identificacio botanica correta (COLOMBO, 2008; CUNHA 2009; SIMOES et al., 2010).

3.4 Descricdo da familia Cannabaceae

A familia Cannabaceae apresenta 11 géneros e cerca de 170 espécies amplamente
dispersas em regides tropicais e temperadas (JUDD et al., 2009). No Brasil, encontram-se
quatro géneros: Celtis L, Trema Lour, Cannabis L. e Humulus L.. O género Celtis possui 0
maior ndmero de espécies da familia, distribuindo-se pela Asia, Africa e continente americano
(SOUZA e LORENZI, 2008).

Em sua maioria sdo arvores ou arbustos lenhosos, eretos ou escandentes, mondicos ou
poligamos. Folhas simples, alternas, geralmente disticas, base geralmente assimétrica, bordo
dentado a serrado, nervura secundaria basal alongada até o terco superior (PEDERNEIRAS et
al., 2011).

O género Trema ocorre nas regides tropicais e subtropicais dos dois hemisférios e nas
Ameéricas ocorrem de quatro a cinco espeécies, desde o sul da Florida e ilhas do Caribe até o
norte da Argentina (SATTARIAN, 2006). No Brasil ocorre provavelmente uma Unica espécie,
Trema micranta, uma planta perene e arborea. Seu extrato demonstrou possuir atividade
analgésica e anti-inflamatdria em ratos e camundongos e suas folhas sdo utilizadas no
tratamento de doencas da pele, sifilis, reumatismo e como hipoglicemiante
(SCHOENFELDER; CIRIMBELLI; ZANETTE, 2006). Frimmel et al. (2000) isolaram
vitexina, paprazina, [ sitosterol e acido ursolico das folhas e ramos da espécie.

A raiz de Trema orientalis é usada na medicina popular para o tratamento de

traumatismos, hemorragia intestinal e estomacal. Foram isolados e identificados diversos
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compostos desta espécie, entre eles triterpenos, esteroides, &cidos graxos e flavonoides (KUO
et al., 2007).

Parte da literatura aponta para uma classificagcdo monotipica do género Cannabis,
sendo Cannabis sativa a Unica espécie registrada, possuindo diversas variedades, como
Cannabis sativa var. indica, var. sativa, var. ruderalis, var. vulgaris, var. mexicana, etc
(SMALL e CRONQUIST, 1976). Porém, nos Ultimos anos, nota-se uma tendéncia a aceitar a
classificacdo taxondmica politipica (mais de uma espécie) do género Cannabis
(MCPARTLAND et al., 2000). A proibicdo do uso dessa planta advém da presenca do
tetraidocanabinol (THC), principal composto psicoativo da planta (BRENNEISEIN, 2006). O
uso medicinal de componentes da Cannabis sativa tem sido estudado ao redor do mundo.
Alguns destes componentes, que ndo tem acdo psicotrépica, podem ter propriedades

anticonvulsivantes e no controle de crises epilépticas (DANTAS, 2005).

3.5 Descricdo do Género Celtis

O género Celtis, com aproximadamente 70 espécies de arbustos ou arvores, € 0 mais
numeroso da familia Canabaceae. Distribui-se nas regiGes temperadas e tropicais dos dois
hemisférios. Na América do Sul estima-se de 6 a 30 espécies (HWANG et al., 2003). Dentre
as espécies de importancia destaca-se Celtis chinensis ou Celtis sinensis, bem distribuida na
Coréia e frequentemente usada na medicina popular para cura de doencas gastricas, dor
abdominal e urticaria. Na Coréia, Japdo e China suas cascas sdo usadas para o tratamento de
irregularidades menstruais, doencas gastricas e dores abdominais. (PEDERNEIRAS et al.,
2011).

Celtis australis L. € uma pequena arvore de até 25 m de altura. Na Europa, a espécie é
restrita ao Sul. A decoccdo de suas folhas e frutos é usada no tratamento da amenorreia,
colicas menstruais, Ulceras, diarreia e disenteria (DEMIR et al.,, 2002). Estudos sobre
compostos fenodlicos das folhas da planta C. australis revelaram a presenga de 200-O-a-L
rhamno piranosil vitexina, isovitexina, 200-O-a-L-ramno piranosil-7-O-metil vitexina,
citisoside e acacetina 7-O-glicosideo (SOMMAVILLA et al., 2012).

A espécie Celtis philippinensis € uma arvore ou arbusto lenhoso perene, amplamente

distribuido na Africa, Asia e Australia. Dois triterpenos toxicos, além de cinco outros
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compostos triterpénicos conhecidos foram isolados a partir dos galhos de C. philippinensis
(HWANG et al., 2003).

As folhas de Celtis africana sdo usadas na medicina tradicional africana para o
tratamento de indigestdo e edema. Perveen e colaboradores (2011) isolaram dois novos
compostos C-glycosilflavonoides, celtisides A e B, juntamente com cinco C-
glycosylflavonoides conhecidos: vitexina, orientina, isoswertiajaponina, isoswertisina e 200-

Orhamnosyl vitexina.

3.6 Descricdo da espécie Celtis iguanaea

Celtis iguanaea é uma angiosperma e dicotiledénea, caracterizada como arbusto ou
pequena arvore (Figura 2). E conhecida popularmente por espordo-de-galo, grio de galo, joa-
mirim, jameri, tela, taleira, sara, gurrupia ou gumbixava, dependendo da regido do Brasil onde
é encontrada (LORENZI e SOUZA, 1999; PIO, 1931; SILVA e PROENCA, 2008).

E uma planta espinhenta de 6 a 9 metros de altura, dotada de copa arredondada, tronco
ereto e cilindrico de 15 a 30 cm de didmetro, com casca rugosa e integra (LORENZI e
SOUZA, 1999). Os ramos sdo compridos, aproximadamente 7 metros, muito flexiveis,
armados com espinhos estipulares curtos, agudos, solitarios e recurvados (P10, 1931). As
folhas séo simples, descolores, de bordas lisas na base e serradas no restante, glabras na face
superior e espaso-pubescentes na inferior com nervuras salientes de cor amarelada. Possui
fruto drupa esférica, glabra, amarela, com polpa carnosa e adocicada, contendo uma Unica
semente. Os frutos sdo comestiveis e muito procurados por varias espécies de passaros.
Floresce durante os meses de agosto a outubro, e os frutos amadurecem de fevereiro a margo
(LORENZI e SOUZA, 1999).

Possui ampla distribuicdo geogréafica, ocorrendo dos Estados Unidos a América do
Sul. No Brasil é encontrada nos estados do Acre, Alagoas, Bahia, Ceara, Espirito Santo,
Goiéas, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraiba, Para, Parana, Pernambuco,
Rio Grande do Sul, Rondbnia, Roraima, Rio de Janeiro, S0 Paulo e Santa Catarina
(LORENZI e SOUZA 1999).

A grande variacdo no tamanho de suas folhas deu a espécie vasta sinonimia botanica:
Celtis aculeata Sw., Celtis aculeata var. laevigata (Kunth) Planch., Celtis alnifolia (Wedd.)

Planch., Celtis aspérula Mig., Celtis bonplandiana Planch., Celtis brevifolia (Klotzsch) Miq.,
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Celtis dichotoma (Klotzsch) Mig., Celtis goudotii Planch., Celtis hilariana Planch., Celtis
morifolia Planch., Celtis pavonii Planch., Celtis spinosa Spreng., Celtis spinosissima (Wedd.)
Miq., Celtis triflora (Ruiz ex klotzsch) Mig., dentre outras (CORREA, 1984).

Figura 2. Celtis iguanaea (Jacg.) Sargent — aspecto geral da planta. Imagem obtida da planta
em seu local de coleta — Jaboticaba (RS).

Relatos populares indicam o uso do espordo-de-galo, sob a forma de cha ou abafado
de suas folhas, para o tratamento de vérias queixas. As mais comuns sdo dores no corpo,
reumatismo, dores no peito, asma, colicas, ma digestdo e como diurético (PEREIRA et al.,
2008). Orténcio (1994) estudando o uso popular de plantas medicinais no estado de Goias
encontrou a indicacdo de esporéo-de-galo para “tratamento de bexiga” e rins (calculos renais e
pielonefrite).

Em um levantamento etnobotanico realizado por Silva e Proenca (2008) sobre 0 uso e
disponibilidade de plantas medicinais por comunidades rurais e urbanas no municipio de Ouro
Verde de Goias (GO), Celtis iguanaea teve um CUPc (concordancia de uso popular corrigida)
de 54% para o uso em infecgdes urinérias (folha/raiz — decoccdo). Através da CUPc sdo
apontados os usos mais difundidos e aceitos para uma espécie, pois provavelmente sdo
utilizados e reconhecidos por muitas pessoas, 0 que evidencia maior seguranca quanto a sua

validade. Assim, as espécies com CUPc acima de 50% podem evidenciar potencial uso
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medicinal, funcionando, até mesmo, como uma pré-triagem de espécies para estudos
etnofarmacoldgicos. Celtis iguanaea, portanto, apresenta um alto consenso de informacdes e,
consequentemente, implica em maior probabilidade de eficacia quanto ao seu uso.

Estudo realizado em cidades do Equador apontou o uso das folhas e frutos da planta,
na forma de infusdo, para dor renal e hepatica (TENE et al., 2007). Na medicina popular do
México, folhas e flores da espécie sdo usadas para o controle do diabetes mellitus (GALICIA
et al., 2002). Rodrigues (2007), em pesquisa etnobotanica e floristica de plantas medicinais
nativas de remanescentes de florestas estacionais semideciduais na regido do Alto Rio Grande
(MG), aponta o uso popular da casca do caule de Celtis iguanaea em casos febris. Segundo
Pio (1931), a casca apresenta bastante tanino e é utilizada no tratamento de leucorréias,
enquanto que seus frutos, macerados e fervidos, sdo utilizados em casos de disenteria e
catarro intestinal.

Em uma caracterizagdo farmacognostica das folhas de C. iguanaea, Paula et al (2010)
detectaram mucilagem, flavonoides e cumarinas na triagem fitoquimica. Os teores de
umidade, cinzas totais, cinzas insollveis em acido, polifendis e flavonoides totais encontrados
pelos autores foram 7,05%, 18,2%, 7,43%, 0,55% e 0,53%, respectivamente.

Em 2012, Trevisan e colaboradores utilizando a fracdo hexano das cascas do esporao-
de-galo, isolaram e identificaram dois triterpenos pentaciclicos da série friedelano, a friedelina
e o epifriedelinol (Figura 3). Os mesmos autores ainda realizaram a avaliacdo da toxicidade
das cascas frente a Artemia salina, verificando a auséncia de toxicidade, uma vez que o
extrato etandlico e fragbes semipurificadas das cascas da espécie, apresentaram valores de
CLso > 1000 ppm.

Costa et al. (2008) realizaram um estudo para a investigacdo das acdes farmacoldgicas
do extrato aquoso das folhas de Celtis iguanaea em modelos de Ulcera gastrica induzida por
diferentes agentes ulcerogénicos em camundongos. Seus resultados permitiram sugerir que a
espécie possui principios ativos com atividade gastroprotetora, ja que seu extrato mostrou-se
efetivo em reduzir o indice de lesdes e o numero de ulceras induzidas pelos agentes
ulcerogénicos, o que pode justificar o uso popular da planta no tratamento de distlrbios
gastricos. Em trabalho realizado por Paula (2009), o extrato aquoso das folhas também foi
capaz de proteger a mucosa gastrica de camundongos contra lesGes induzidas por
indometacina, etanol e estresse, diminuindo o volume e a acidez da secre¢do acida gastrica e

alterando significativamente a motilidade por meio do aumento do transito intestinal.
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Figura 3 - Estrutura da friedelina (A) e do epinefriedelinol (B).

Outro estudo que novamente sugeriu o efeito antiulcerogénico de C. iguanaea foi o de
Souza e colaboradores (2013), apds administracdo via oral do extrato hexanico das folhas. Os
resultados obtidos indicaram esse efeito apds a inducédo de lesbes gastricas por indometacina,
e pela via intraduodenal ap6s a inducdo de lesbes gastricas pelo método da ligadura pildrica,
tendo em vista a capacidade do extrato de diminuir o nimero de Ulceras e o indice de lesdes.
Os autores relacionaram o efeito antiulcerogénico a uma atividade anti-secretora, observada
apos administracdo intraduodenal no modelo de ligadura pildrica.

Com o objetivo de investigar os mecanismos antitlcera das folhas de C. Iguanaea,
Martins et al. (2014) utilizou o modelo indutor de tlcera com HCI/EtOH considerado um dos
agentes mais intensos para inducdo de Ulcera gastrica. O extrato hexanico (HE) foi obtido por
uma extracdo exaustiva por Soxhlet. A caracterizacdo quimica detectou a presenca de lipidios,
lipidios esterois, glicosideos de esteroides e glicosideos de polifenois. A administracdo oral de
100 mg/kg e 200 mg/kg de HE foi capaz de proteger a mucosa gastrica. O autores sugeriram a
participacdo de muco, bem como o0 envolvimento de receptores o2-adrenérgico, NO e
prostaglandinas como mecanismo gastroprotetor de C. lguanaea.

Em um estudo preliminar da toxicidade aguda das folhas de espordo-de-galo de acordo
com o modelo biologico utilizando o peixe Poecilia reticulata, Santos et al. (2011)
encontraram uma CLso (concentracdo letal média) de 2,69 g/L com 96 h de exposicdo. Os
resultados das analises histoldgicas da pele dos animais ndo apresentaram alteracGes em
nenhuma das concentragGes estudadas, o que, juntamente com o CLso encontrado, permitiu

sugerir um baixo potencial toxico da espécie.
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Em 2008, Pereira et al. realizaram uma investigagdo do potencial mutagénico e/ou
recombinogénico do extrato aquoso das folhas da espécie em células sométicas de Drosophila
melanogaster pelo Teste para Deteccdo de Mutacdo e Recombinacdo Somatica. A analise
microscopica dos pélos mutantes presentes nas asas dos adultos trans-heterozigotos permitiu
demonstrar que o extrato aquoso de Celtis iguanaea ndo foi capaz de induzir eventos

mutagénicos e/ou recombinogénicos nas condi¢des experimentais apresentadas.
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APRESENTACAO

Esta dissertacdo apresenta seus resultados na forma de manuscritos (manuscritos 1 e
2). Cada manuscrito é constituido de introdugdo, metodologia, resultados, discussdo e
concluséo.

Além disso, esta dissertacdo contempla os itens consideracdes finais, no qual os
resultados sdo interpretados em conjunto, conclus@es e referéncias bibliogréaficas, as quais sao

relativas as sec¢@es introducdo, revisao bibliografica e consideragdes finais.
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4 RESULTADOS

MANUSCRITO 1

Celtis iguanaea (Jacq.) Sarg. roots: phytochemical profile and in vitro antimicrobial and

antioxidant capacity

Amanda Luana Forbrig Froeder, Thiele Faccim de Brum, Janaina Kieling Frohlich, Lauren
Pappis, Leticia Teixeira Nunes, Mariana Piana, Silvio Terra Stefanello, Félix Alexandre
Antunes Soares, Camila Martins Guez, Michel Mansur Machado and Margareth Linde
Athayde
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ABSTRACT

Celtis iguanaea belongs to Cannabaceae family which comprises 11 genres distributed in
tropical and temperate regions. This specie is popularly known as “espordo-de-galo” and it is
used in traditional medicine in Brazil for many diseases, as urinary infection, indigestion, pain
in the body, asthma and other. The aim of this study was to carry out a pharmacognostic
characterization of the fractions from C. iguanaea roots and evaluate the antioxidant and
antimicrobial activities. The ethyl acetate fraction showed the strongest radical scavenging
activity in the DPPH method, as well as, in lipid peroxidation inhibitory (ICsq = 27.97 + 0.35
pg/mL and 1Cso = 42.03 £ 4.55 pg/mL, respectively). This fraction also exhibited the highest
of polyphenols (221.55 + 0.28 mg/qg), flavonoids (28.80 + 0.09 mg/g) and alkaloids (3.96 +
0.32 mg/g). All extracts were able to reduce levels of plasma protein carbonyl. In addition,
gallic acid was identified and quantified by HPLC/DAD. The fungus Sacharomyces
cerevisiae was the only susceptible microorganism with MIC values of 0.25 and 0.50 mg/mL
to EA and DCM, respectively. Taken together, our results indicate that this plant has

antioxidant potential and can be a promising source of natural antioxidants.

Keywords: Cannabaceae; polyphenols; HPLC/DAD; DPPH, TBARS.
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Introduction

Medicinal plants have been used for many therapeutic purposes since long times. The
presence of phenolic compounds such as phenolic acids, flavonoids and tannins, nitrogen
compounds such as alkaloids and amines, as well as vitamins, terpenoids and other
metabolites of fruits and vegetables are associated with beneficial effects, mainly attributed to
their high antioxidant capacity (Cai et al. 2004; Djeridade et al. 2006; Yang et al. 2009). The
ability of these compounds, mostly polyphenols, to scavenge free radicals and active oxygen
species such as singlet oxygen and hydroxyl radicals, before these free radicals attack cells
and other biological components, can prevent or suppress aging and many diseases associated
with oxidative stress, like cancer, cardiovascular diseases, rheumatoid arthritis, autoimmune
diseases, among other (Mayne, 2003).

Several studies have demonstrated the antimicrobial activity of phenols and/or phenolic
extracts (Proestos et al. 2005; Sousa et al. 2006; Boligon et al, 2013). It can make them a good
alternative to antibiotics and chemical preservatives. Moreover, there is a growing interest in
using natural antimicrobial compounds due to increasing resistance of microorganisms to
antibiotics (Oliveira et al. 2007).

Celtis iguanaea (Jacq.) Sarg belongs to Cannabaceae family, which consists of 11 genera
and 180 species (Judd et al. 2009). It is popularly known as “espordo-de-galo”, “taleira” and
“gurrupia” and it occurs in American South and many Brazil states, as Rio Grande do Sul,
Santa Catarina and Parand. In folk medicine, infusions of the leaves are used as analgesic,
antiasthmatic, digestive, diuretic and other, and its roots for urinary infection (Tene et al.
2007). A previous study demonstrated antiulcerogenic activity of crude ethanolic extract of C.

iguanaea leaves (Souza et al. 2013). In this same work, the hexane fraction inhibits the gastric

acid secretion, increase the gastric pH, decreasing the gastric acidity and total gastric contents.
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Trevisan et al. (2012), isolated the triterpenes friedelin and epifriedelinol from the bark
hexane fraction (Trevisan et al. 2012).

The aim of this study was to carry out a pharmacognostical screening of the fractions from
the roots of C. iguanaea as well as to quantify phenolic compounds by HPLC-DAD at these
fractions. Additionally, we perform an antimicrobial activity against fungus and bacterias. An
antioxidant screening was evaluated by scavenging capacity on DPPH radicals, reducing
power of iron of the extract, lipid peroxidation inhibition, inhibition of protein oxidation
(carbonyl content) and scavenging of ROS by 2',7'-dichlorofluorescein diacetate (DCFH-DA)

method.

Materials and Methods

Chemicals, apparatus and general procedures

All chemicals and solvents were of the analytical grade obtained from Sigma Chemical Co.
(St. Louis, MO, USA). The absorbance of phenolics, flavonoids, tannins, alkaloids, DPPH,
TBARS, DCFH-DA and protein oxidation assay were measured in a Shimadzu-UV-1201
(Shimadzu, Kyoto, Japan) spectrophometer. HPLC/DAD analysis was performed on a
Shimadzu HPLC system (Kyoto, Japan), Prominence Auto-Sampler (SIL-20A), equipped
with Shimadzu LC-20 AT reciprocating pumps connected to a DGU 20A5 degasser, CBM 20

A integrator, UV-VIS detector DAD SPD-M20A and LC Solution 1.22 SP1 software.

Plant collection and extractions

Roots of the C. iguanaea were collected in Jaboticaba, Rio Grande do Sul State, Brazil
(27°37°48°’S, 53°16°55’W), in April of 2011. A dried voucher specimen is preserved in the

herbarium of the Department of Biology at Federal University of Santa Maria by register
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number SMBD 12.952. Plant material (2800g) was dried in a stove at controlled temperature
(40°C), triturated and subjected to maceration with 70% ethanol for seven days, with daily
agitation. The solvent was renewed until the total extraction of the compounds. The material
was filtered and concentrated under reduced pressure, in order to obtain an aqueous extract.
Part of this aqueous extract was evaporated to dryness to provide a Crude extract (CE). The
remaining aqueous extract was partitioned with solvents of increasing polarity:
Dichloromethane (DCM), Ethyl acetate (EA) and n-Butanol (BU), which also were dried to

give each corresponding fraction.

Phytochemical analysis

Preliminary phytochemical screening

The phytochemical screening was realized as a preliminary evaluation of the classes of
secondary metabolites present in the roots. This phytochemical study was performed
according to the method described by Moreira (1979), which comprising a series of

qualitative characterization reactions to aqueous and hydroalcoholic extract.

Determination of total phenolics contents

Total phenolic content was performed by Folin-Ciocalteau method with slightly modifications
(Chandra et al. 2004). Samples were prepared in triplicate at 0.15 mg/mL and the Absorbance
was measured at 730 nm in spectrophotometer. The standard curve was prepared with gallic
acid for quantification and the results were expressed in milligrams equivalents of gallic acid

(GAE) per gram of each fraction (mg/g GAE).
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Determination of total flavonoids contents

The determination of flavonoids was determined according to the colorimetric method
described by Woisky and Salatino (1998), using a 2% aluminum chloride solution. Samples
were prepared in triplicate at 1 mg/mL. The absorbance was determined by spectrophotometer
at 420 nm. A standard curve of rutin was used for quantification, and the results were

expressed as mg of rutin equivalents per gram of extract (mg/g RE).

Determination of condensed tannins

The condensed tannins content was performed using the method described by Morrison et al
(1995), with some modifications. Samples were prepared at a concentration of 25 mg/mL in
methanol. Solution A (1 g of vanillin in 100 mL of methanol) and solution B (8 mL HCI in
100 mL of methanol) were used to this experiment. The absorbance was read at 500 nm
against the blank of each sample. The condensed tannins content was expressed in milligram

equivalents of catechin per gram of each fraction.

Determination of total alkaloids

Total alkaloids were determined by precipitated reaction with Dragendorff’s reagent,
described by Sreevidya and Mehrotra (2003). The CE and fractions were prepared at a
concentration of 50 mg/mL, absorbance was measured at 435 nm and the test was performed
in triplicate. A standard curve of bismuth nitrate was used to calculate the total alkaloids

content, and the results were expressed as mg of total alkaloids per gram of extract.
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HPLC/DAD analysis of gallic acid

Reverse phase chromatography analyses were carried out with a Phenomenex C-18 column
(4.6 mm x 250 mm) packed with 5 pm diameter particles, volume injection was 40 pL and the
gradient elution was conducted according to Evaristo and Leitdo (2001) method with minor
modifications. Mobile phase consists of water containing 2 % acetic acid (solvent A) and
methanol (solvent B) and the flow rate was 0.8 mL/min. Identification of phenolics was
performed by comparing retention times and the Diode-Array-UV spectra with the standard.
Samples of CE and fractions of C. iguanaea were solubilized at mobile phase. Quantification
was performed by integration of the peaks using the external standard method. The

chromatographic operations were carried out in triplicate.

Antimicrobial assay

The CE and fractions were individually evaluated against Proteus mirabilis ATCC 7002,
Klebsiela pneumoniae ATCC 700603, Staphylococos aureus ATCC 29213, Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 35218, Candida albicans ATCC 14053,
Candida glabrata (clinical isolate), Candida parapsilosis ATCC 22019 and Sacharomyces
cerevisiae (clinical isolate). The minimal inhibitory concentration (MIC) of each fraction
against the test microorganisms was determined by the broth microdilution method according
to the Clinical and Laboratory Standards CLSI M07-A8 (2009) to bacteria and CLSI M27-A3
(2009) to yeast. The experiments were repeated twice and the results were determined as an
average value. Samples were prepared in DMSO in six different dilutions (1000, 500, 250,
125, 62.5 and 31.25 pg/mL). Bacterial strains were cultured overnight at 35 °C in Mueller-
Hinton agar. Yeasts were cultured for 48 hours at 30 °C in Sabouraud agar. The first column
of the plate was reserved for negative control wells (without inoculants) and the last column,

for the growth control wells (without antimicrobial agents). The MIC was considered as the
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lowest concentration of the extract or fraction inhibiting the total growth of microorganism.

MIC was detected by lack of visual turbidity (matching the negative growth control).

Animals

Male Wistar rats (3.0-3.5 months of age and weighing 270-320 g) were maintained groups of
3-4 rats per cage. They had continuous access to food and water in a room with controlled
temperature (22 £ 3 °C) and on a 12 h light/dark cycle. The animals were maintained and used
in accordance to the guidelines of the Brazilian Association for Laboratory Animal Science
(COBEA) (project number 23081.005770/2009-38). After killed the rats by decapitation, the
brain tissue was rapidly dissected, weighed and immediately homogenized in Tris-HCI 10
mM, pH 7.5 (1/10, w/v). The homogenate was centrifuged for 10 min at 4,000 rpm and the
supernatant was used for inhibition of lipid peroxidation and test of scavenging of ROS by

DCFH-DA method.

Human Blood Samples

Peripheral blood samples were collected after 12-h overnight fasting by venipuncture using
top Vacutainer (BD Diagnostics, Plymouth, UK) tubes with heparin. Blood specimens (5 ml)
were routinely centrifuged within 1 h of collection for 15 min at 2500g, to obtain the plasma

samples.
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Antioxidant screening methods

DPPH radical scavenging capacity

The fractions and CE of C. iguanaea roots were evaluated by monitoring its ability in
quenching the stable free radical DPPH, according to a slightly modified method described by
Choi et al. (2002). Samples were diluted in ethanol at the following concentrations: 250, 125,
62.5, 31.25, 15.62 and 7.81 ug/mL. The DPPH quenching ability was expressed as I1Cso (the
extract concentration required to inhibit 50 % of the DPPH in the assay medium). Each
sample was mixed with 1.0 mL of DPPH 0.3 mM in ethanol solution. After 30 minutes, the
absorption was measured at 518 nm. A solution of DPPH in ethanol was used as negative
control and ascorbic acid (AA) in the same concentrations of the samples was used as
positive control. The tests were performed in triplicate, and the calculation of the antioxidant

capacity followed the equation:

% |n|b|gé_0 =100 - [(AbS sample — AbS blank) X 100] (1)
ADS control

where: Abs sample is absorbance of each fraction; Abs piank is absorbance of fractions without
adding the DPPH; Abs control i @absorbance the solution of negative control.

The reducing power of the extracts

The reducing power of C. iguanaea roots extracts was determined as described in Oyaizu
(1986) and Yen et al (2000). Briefly, 0.5 mL of each extract (0.1 — 0.5 mg/mL) in distilled
water was mixed with 1.25 mL of 200 mM sodium phosphate buffer (pH 6.6) and 1.25 mL of
1% potassium ferricyanide. After incubation, 1.25 mL of 10% trichloroacetic acid were added
and the mixture was centrifugated at 2795g. The upper layer (1.25 mL) was mixed with 1.25

mL of deionized water and 0.25 mL of 0.1% ferric chloride, and the absorbance was
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measured spectrophotometrically at 700 nm. The extract concentration providing 0.5 of
absorbance (ECso) was calculated from the graph of absorbance registered at 700 nm against
the correspondent extract concentration. ascorbic acid and quercetin were used as positive

controls.

DCFH-DA method

Intracellular formation of ROS was measured using 2',7'-dichlorofluorescein diacetate
(DCFH-DA) as the substrate, according to Myrhe et al (2003). The supernatant of rat brain
homogenate was incubating at 37 °C with different concentrations of CE and fractions of
roots of C. iguanaea. After 1 hour, DCFH-DA (5 uM) was added and incubation continued
for 1 hour in the dark. The fluorescence was measured using 488 nm for excitation and 520
nm for emission. ROS levels (expressed as percentage value in relation to the control group)
were calculated by interpolation in a standard curve of oxidized DCF, corrected by the content
of protein (Lowry et al. 1951). The negative control used was ethanol and AA as positive

control. The tests were performed in triplicate and data were expressed as mean * S.E.

Measurement of inhibition of Lipid Peroxidation (TBARS Assay)

To evaluate the inhibition of lipid peroxidation, an aliquot of 100 pL of rat brain homogenate
supernatant was incubated for 1 hour at 37 °C with pro-oxidant agent (10 uM of FeSOa4) in
presence or absence of CE and fractions of C. iguanaea. The production of TBARS
(tiobarbituric acid reactive substances) was determined by the colorimetric method according
to Ohkawa et al (1979). The positive control used was ascorbic acid. The extract

concentration required to reduce the lipid peroxidation in 50% was expressed as I1Csp.
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Measurement of Inhibition of Protein Oxidation (Carbonyl Assay)

The plasma content of protein carbonyl groups was evaluated with the Levine method
(LEVINE et al., 1990). In a test tube, 1 mL of plasma and 1 mL of CE and fractions diluted in
PBS buffer (in the desired concentrations) was added. After 30 minutes at 37 °C was placed
H202 100 pum (final concentration). Dosages of protein carbonyl were performed after 60
minutes at 37 °C, according to Morabito et al. (2004). The determination of total protein in
plasma was conducted using a commercial Labtest® kit as recommended by the
manufacturer. The carbonyl content was expressed as nmol/g protein and all tests were

performed in triplicate.

Statistical analysis

The experimental values of phytochemical composition, antioxidant capacity by DPPH assay
and HPLC/DAD analysis were statistically analyzed by one-way ANOVA and the data were
expressed as mean + S.E. (n = 3). For the data analysis of inhibition of lipid peroxidation,
protein carbonyl content and scavenging of ROS by DCFH-DA method, was used analysis of
variance (one-way ANOVA) followed by Tukey test, and p < 0.05 were considered

significant. Data were expressed as mean + S.E.

Results
Phytochemical profile

The preliminary screening of C. iguanaea roots showed positive results to anthocyanin
glycosides, amino groups, flavonoids, anthocyanins, leucoanthocyanidins, flavones,

triterpenoides, steroids, phenolic compounds, coumarins and organic acids.
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The contents of total polyphenols, flavonoids, condensed tannins and alkaloids are shown
in Table 1. EA fraction exhibited the highest content of phenolics (221.55 + 0.28 mg/g GAE,
respectively) when compared to the BU fraction (152.90 + 0.29), CE (89.37 + 1.08 mg/g
GAE) and DCM fraction (62.51 + 0.34 mg/g GAE). For the determination of flavonoids
contents, the EA fraction exhibited the highest value (28.80 £ 0.09 mg/g quercetin) and DCM
expressed the second highest value (26.21 + 0.25 mg/g quercetin). The EA fraction also
demonstrated the highest content of alkaloids (3.96 + 0.32 mg/g fraction). On the other hand,
BU showed the greatest amount of condensed tannins (14.10 + 0.20 mg/g fraction), following

by EA fraction (12.50 £ 0.48 mg/g fraction).

Table 1. CE and fractions contents of total phenols, flavonoids, tannins and alkaloids of C.

iguanaea roots.

) Phenols?+ S.E.  Flavonoids®+ Tannins®+S.E.  Alkaloids +
CE and fractions
(mg/g) S.E. (mg/g) (mg/g) S.E. (mg/g)
CE 89.37+1.08 a 12.01 +0.64 a 6.40+0.23 a 1.70+0.12 a
DCM 62.51+0.34b 26.21+0.25b 960+1.11b 1.50+0.56 a
EA 221.55+0.28 ¢ 28.80+0.09 c 1250+048¢c 3.96%+0.32b
BU 152.90 + 0.29 d 13.71+0.72d 14.10+0.20d 2.34+0.78a

Averages followed by diferente letters in each column differ by Tukey test at p < 0.05.

aPhenols: expressed as gallic acid equivalents (GAE).

b Flavonoids: expressed as quercetin (mg/g fraction).

¢Tannins: expressed as catechin (mg/g fraction).

The gallic acid was identified and quantified by HPLC/DAD in CE, EA and BU fractions
of C. iguanaea roots. Results and chromatograms are shown in Figure 1. The EA fraction
presented the highest amount of GA (30.34 + 0.35 mg/g), followed by CE (18.95 + 0.03

mg/g) and BU (11.33 £ 0.24 mg/qg).
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Figure 1 (a-c). HPLC/DAD of CE (a), EA (b) e BU (c) fractions of C. iguanaea

roots. (1) gallic acid.
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In this study, the antioxidant capacity against ROS species of C. iguanaea roots was accessed

by five different assays: scavenging capacity on DPPH radicals, reducing power of iron, lipid

peroxidation inhibition (TBARS assay), inhibition of protein oxidation (carbonyl content) and

scavenging of ROS by DCFH-DA method.

The results of free radical scavenging properties of CE and fractions of the roots of C.

iguanaea were showed in Figure 2 and Table 2. In DPPH assay, all extracts showed a radical

scavenging activity in a dose-dependent manner and were significantly different (p < 0.05)

(Table 2). The EA fraction shown the better antioxidant capacity with a 1Csp = 27.97 + 0.35

ug/mL, while the AA presented a ICso = 15.98 + 0.28 pg/mL.
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Figure 2. Scavenging capacity of AA, CE and fractions from roots of C. iguanaea.

The reductive capabilities of the C. iguanaea roots fractions and CE and quercetin are

presented in Figure 3. The activities of the extracts were much lower than that of quercetin.

However, the extracts differed in their capacity. For extract concentrations of 0.5 mg/mL the

reducing power values varied from 0.132 (DCM) to 0.315 (EA). The ECso values showed no

significant difference between CE and EA and BU fractions.
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Figure 3. C. iguanaea roots extracts and quercetin reducing power values.

In the DCFH-DA method, the DCM fraction at a concentration of 100 and 200 pg/mL and

EA fraction at 200 pg/mL were able to significantly reduce the oxidation of DCFH and,

consequently, reduce the oxidative stress observed in rat brain cells when compared to the
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basal group, which demonstrates the pronounced antioxidant capacity os this fractions (Figure
4). Ascorbic acid reduced in a significant way the DCFH-DA oxidation at a concentration of

200 pg/mL.

B Basal

¥ Ascorbicacid

% Dichlicromethane
& Ethylacetate

© Butanol

404

T T T T
23 50 100 200
Concentration | pg/mL)

* significant difference from the basal group (p < 0.05)

Figure 4. Effect of C. iguanaea roots CE and fractions on scavenging of ROS in
supernatant of rat brain homogenate by DCFH-DA method.

EA and DCM fractions and CE of C. iguanaea roots significantly inhibited iron-induced
TBARS production in brain preparations (Figure 5). The inhibitory potency was in the
following order: EA (ICso = 42.03 + 4.55 pg/mL) > DCM (ICso = 55.66 + 3.74 ug/mL) > CE

(ICs0 = 158.52 + 3.36 pug/mL) (Table 2). AA showed an IC sg value of 123.11 + 5.23 pg/mL.
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* significant difference (p < 0.05) from the induced control (FeSO4), by analysis of variance (one-
way ANOVA) followed by Bonferroni's multiple comparison test (n = 3).

Figure 5. Effect of C. iguanaea roots CE and fractions on lipid peroxidation
production in supernatant of rat brain homogenate.

Table 2. ICso (ug/mL) values of the DPPH and TBARS assay and ECso (mg/mL) reducing
power assay for CE and fractions of C. iguanaea.

Extract/ ICso DPPH = S.E. ECso Reducing ICso TBARS % S.E.
fraction (ng/mL) power (mg/mL) (ng/mL)
CE 303.55+0.40a 1.10+0.21a 158.52 +3.36 a
DCM 172.89+0.34b 254+045b 55.66 +3.74 b
EA 2797+0.35¢ 0.86+0.13a 42.03+4.55¢c
BU 157.40£0.22d 1.03+0.33 a #
AA 1598+ 0.28 e - 123.11+5.23d
Quercetin - 0.08+0.02c -

ICso: concentration required to inhibit 50% of the activity. S.E.: standart error: averages followed by different
letters in each column differ by Tukey test at p < 0,05. # fractions did not present ICsy values on the
concentrations tested.

ECso: extract concentration providing 0.5 of absorbance at 700 nm.

- Not tested.

The Carbonyl assay revealed a significant decrease in protein carbonyl content in plasma

after incubation with the extracts at all concentrations (25, 50, 100 and 200 pg/mL) when
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compared to the positive control (H202) (Figure 6). The results demonstrated a dose-
dependent effect once the higher doses are richer in phenolic compounds. All fractions at
concentration of 200 pug/mL but DCM fraction were able to completely inhibited the oxidative

damage caused.

S legative Control (PBS)
Positive Control [H,0; 100pM)
- 200 pg/mL
100 pg/mL
- 50 ugimL
60- 25 pgimL

nyl Protein / mg of Protein

nMol of Carbol

Crude extract Dichloromethane Ethyl acetate Butanolic

*Data are expressed as means + SD (n = 3). The letters a, b, ¢, d, e, f means significance difference
(p < 0.05).

Figure 6. Effect of CE, DCM, EA and BU fractions of C. iguanaea roots on
protein carbonyl groups production in plasma.

Antimicrobial activity

MIC (minimal inhibitory concentration) values of fractions and CE of C. iguanaea roots
are shown in Table 3. Five bacteria and five fungus were tested. The extracts did not present
antimicrobial activity at the used concentrations against the tested bacterias, presenting MICs
> 1.00 mg/mL. The fungus Sacharomyces cerevisiae was the only susceptible microorganism

with MIC values of 0.25 and 0.50 mg/mL to EA and DCM, respectively.



Table 3. Minimal inhibitory concentration (MIC) (mg/mL) of CE and fractions of C.
iguanaea roots.
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Microorganisms

C. iguanaea roots (mg/mL)

CE DCM EA BU
Protheus mirabilis >1.00 >1.00 >1.00 >1.00
Klebsiella pneumoniae >1.00 >1.00 >1.00 >1.00
Staphylococcus aureus >1.00 >1.00 >1.00 >1.00
Pseudomonas aeruginosa >1.00 >1.00 >1.00 >1.00
Escherichia coli >1.00 >1.00 >1.00 >1.00
Candida albicans >1.00 >1.00 >1.00 >1.00
Candida glabrata >1.00 >1.00 >1.00 >1.00
Candida parapsilosis >1.00 >1.00 >1.00 >1.00
Sacharomyces cerevisiae >1.00 0.50 0.25 >1.00
Malassezia pachidermatis >1.00 >1.00 >1.00 >1.00

Discussion

Several studies have been revealed the presence of high concentrations of phenolics in

plants extracts obtained using polar solvents. Schubert et al. (2007) working with llex

paraguariensis leaves and fruits found total phenolics contents ranging from 199.91 to 86.82

mg/g, while in our study we found higher values to EA fraction. Using similar methodology,

Scutia buxifolia stem bark showed a variation of the 323.47 to 141.09 mg/g; 145.72 to 100.37

mg/g; 176.70 to 66.67 mg/g and 3.07 to 0.28 mg/g for phenolics, flavonoids, tannins and

alkaloids contents, respectively (Boligon et al. 2012a).

The presence of gallic acid is known to have many biological activities, such as anti-

proliferative, pro-apoptotic and anti-tumorigenic effects against prostate (Kaur et al. 2009). A

recent study showed that oral administration of GA has profound neuroprotective effects,

which are possibly associated with the significant antioxidant capacity (Mansouri et al. 2013).
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Oxidative stress in biological systems is caused by an imbalance between the generation of
ROS and the antioxidant defense capacity of the organism, affects major cellular components,
including lipids, proteins and DNA. The continuous decrease in antioxidant defenses and/or
the over-production of ROS may contribute to the development of several hearth diseases
(Valko et al. 2007). DPPH free radical is widely used to determine the radical-scavenging
capacity of natural compounds that act as radical scavengers or hydrogen donors in vitro. The
highest antioxidant capacity was obtained from the EA fraction with the lowest ICso value of
27.97 + 0.35 pg/mL. This same fraction also exhibited the highest values of polyphenols and
flavonoids, showing a positive relation between these compounds and antioxidant activity
against DPPH. Relation between phenolic content and DPPH radical-scavenging activity was
found in several studies (Orhan et al. 2009; Janovik et al. 2011; Brum et al. 2013). However,
some authors have suggested that is not always possible a positive relation between total
phenolics and antioxidant capacity (Kahkonen et al. 1999; Yu et al. 2002). In fact, the DCM
fraction, which had the lowest content of polyphenols among the fractions, showed higher
antioxidant capacity than CE, presenting a lower ICso. It can be explained by several factors,
including the presence of different active compounds that can modify the antioxidant
capacity, the synergistic effects, the experimental conditions, and the mechanisms of the
methods used for the antioxidant reactions (Jayaprakasha and Patil 2007). Some compounds
also react strongly with the DPPH, while others have a slower reaction rate (Tsimogiannis,
2006).

The reducing power of an extract may serve as a significant indicator of its antioxidant
capacity (MEIR ET AL., 1995). The presence of antioxidants (reducers) causes de reduction
of Fe3*/ferricyanide complex to the ferrous form (Fe?*) changing the color of the tests solution
from yellow to green depending on the reducing power of the test specimen, monitored at

700nm. In general, extracts with high total phenols content presented lower ECso values in
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reducing power assay and in the order EA > BU > CE > DCM (Table 2). Other studies have
also demonstrated that the reducing power of natural extracts is related to the quantity of
phenolic compounds (Kosalec et al. 2013; Perez et al. 2011). This is due the capability of
natural phenols present in the extracts donors an electron and stops the radical chain reaction
(Liu et al. 2011).

The fluorogenic compound DCFH-DA has been utilized extensively as a marker for
oxidative stress in cells (Meir et al. 1995; Perez et al. 2011; Liu et al. 2011; Zadra et al. 2012;
Kosalec et al. 2013). When the diacetate form of DCFH enters the cell, it is hydrolyzed by
intracellular esterases to liberate DCFH, which is oxidized by ROS, particularly H20. and
hydroxyl radical, forming the highly fluorescent compound 2’-7’-dichlorofluorescein (DCF)
(Wang and Joseph 1999; Rota et al. 1999). Therefore, when there is an increase in DCF
fluorescence, it is suggestive of H20. and hydroxyl radical generation. The principle of this
method is evaluated the capacity of antioxidants molecules in the roots extracts to scavenge
ROS and then inhibit the oxidation of DCFH. The DCM and EA fractions were able to
significantly reduce the oxidation of DCFH to DCF. This results found confirm that C.
Iguanaea roots could exert a substantial effect against intracellular ROS formation.

Present research suggested that strongest inhibition in the lipid peroxidation of EA fraction
is due to the cumulative contribution of its phenolics compounds and flavonoids contents that
play important contribution in antioxidant capacity. Lipid peroxidation is an oxidative
deterioration process of polyunsaturated fatty acids damaged by ROS. MDA, one of the
secondary products of lipid peroxidation, is widely used as biomarkers. Several human
diseases, including Alzheimer’s disease, diabetes, some malignancies, and other have been
related to high levels of protein carbonyl groups (Dalle-Done et al. 2003). The action of
reactive oxygen species on proteins increase the formation of carbonyl groups, thus the levels

of these groups in circulating proteins is considered a useful marker of oxidative stress. It is
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suggested that the inhibited capacity in protein oxidation of the extracts demonstrated in our
study could prevent many diseases related to the accumulation of this compound, since all the

extracts tested were able to reduce the protein carbonyl content in plasma.

Conclusions

The antioxidant screening of the C. iguanaea roots and some phytochemical characteristics
of the species were showed in our study. Analyzing the results of all antioxidants methods,
the EA fraction demonstrated the better activity, which can be due to high amount of
polyphenols compounds and flavonoids. HPLC/DAD analysis revealed the presence of gallic
acid in all fractions except for DCM fraction. This phenol is well known for its ability to
scavenge ROS and may be involved to the antioxidant activity found in the roots. All results

are showed for the first time in the roots of C. iguanaea.
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ABSTRACT

Celtis iguanaea is a native tree of Southern Brazil, which is popularly known as “esporado-de-
galo” and the leaves they are used traditionally in infusion forms as analgesic, antiasthmatic,
digestive and diuretic. The aim of this study was to assess the acute and sub-acute toxicity of
the crude extract from the leaves Celtis iguanaea in male rats. The toxicity studies were based
on the guidelines of the Organization for Economic Cooperation and Development (OECD-
guidelines 423 and 407). In an acute study, a single dose of 2000 mg/kg of C. iguanaea was
administered orally. While in the sub-acute study, the extract was administered orally to male
rats at doses of 100, 200 and 400 mg/kg/day for 28 days. Behavioral changes and
biochemical, hematological, and histological analysis were evaluated. The acute
administration of C. iguanaea did not cause changes in behavior or mortality. The animals
presented decreased levels of platelets, alanine aminotransferase (ALAT) and lymphocytes,
and neutrophils increase. On the other hand, in a sub-acute toxicity study, we observed an
increase of glucose, suggesting a toxic effect on the pancreas. The activity of 6-ALA-D liver
had significant increases, while the aspartate aminotransferase (ASAT) enzyme decreases,
indicanting a possible protective effect on the liver, which was corroborated by histological
analysis. Celtis iguanaea, after acute administration, may be classified as safe (category 5),
according to the OECD guide. However, the alterations observed after sub-acute
administration with high doses of crude extract from the leaves, suggest that repeated
administration can cause adverse effect on the pancreas, but protective effect on the liver.

Keywords: toxicity, espordo-de-galo, Cannabaceae, crude extract.
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INTRODUCTION

The use of natural resources is a historical practice, through all the obstacles of the
evolutionary process until today, reaching the entire world population (CASTRO, 1981). The
World Health Organization (WHO) recognizes the importance of the traditional use of
medicinal plants, but emphasizes that the employment of a plant for therapeutic purposes is
essential to establish its safety, efficacy and quality assurance of preparations and such
procedures are important relevance in scientific research (RATES, 2001).

The popular use, and even the traditional, is not sufficient to validate herbal ethically
as effective and safe drugs. Thus, medicinal plants are no different than any other synthetic
xenobiotics and their use should be based on supporting experimental evidence of the risks
they are exposed those who use (VEIGA, 2005).

Celtis iguanaea (Jacg.) Sargent (family Cannabaceae), popularly known as “espordo-
de-galo” (SILVA, PROENCA, 2008), popular usage reports suggest the form of infusion (tea)
or decoction of the leaves for the treatment of joint pain, asthma, cramps, poor digestion and
as a diuretic (SILVA, PROENCA, 2008; SOUZA et al., 2013). This medicinal plant is also
widely used in the treatment of gastric ulcers (SOUZA et al., 2013). The phytochemical
screening of the leaves and stem of Celtis iguanaea showed the presence of flavonoids,
coumarins and mucilage (PAULA et al., 2010). Souza et al. (2013) showed gastroprotetive
effect of the hexane fraction obtained from the partitioning of Celtis iguanaea ethanol leaves
extract. Preliminary data founded by Martins et al. (2014) showed antiulcerogenic and
secretory efficacy of hexane leaf extract suggesting anticholinergic and antihistaminergic
mechanism or interruption of intracellular events that are linked to acid secretion. Martins et
al. (2014a) demonstrated that the C. Iguanaea hexane extract exhibits gastroprotective activity
in different gastric ulcer models. The mechanism of this effect suggests the participation of
mucus as well as the involvement of a2- adrenergic receptors, NO and prostaglandins. The
hydroxyl-linolenic acid, linoleic acids and conjugated oxo-linoleic acid are among the
phytoconstituents that the autors were identified in the hexane extract.

As described above, the C. iguanaea leaves may presents pharmacological properties.
However, toxicological studies are important to offer a standardized composition and security
for the use by the population. In this way, no study about the toxic effects of the extract from
the leaves C. iguanaea has been reported. Thus, the aim of this study was to investigate the
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acute and subacute toxicity of the crude extract of the leaves C. iguanaea (Jacq.) Sarg in mice
through hematological, biochemical and histopathological.

2 MATERIALS AND METHODS

2.1 Plant material

The leaves of Celtis iguanaea were collected in Jaboticaba (Rio Grande do Sul, State
of Brazil) (coordinates 27°37°48”°S, 53°16°55’W) in March of 2013. A dried voucher
specimen is preserved in the herbarium of the Department of Biology at Federal University of
Santa Maria by register number SMBD 12.952.

2.2 Extract preparation

The leaves of the plant were dried in a stove at controlled temperature (40°C) and
powdered in a knife mill. The powder of the leaves was subjected to maceration with 70%
ethanol at room temperature for seven days, with daily agitation. The solvent was renewed
until the total extraction of the compounds. The material was filtered and concentrated under
reduced pressure, in order to remove the ethanol. The aqueous extract was evaporated to
dryness to provide the crude extract of the leaves (CEL).

2.3 Chemical, apparatus ans general procedures

All chemicals were of analytical grade. Methanol, acetic acid, gallic acid, ellagic acid,
chlorogenic acid and were purchased from Merck (Darmstadt, Germany). The quercetin and
rutin were obtained from Sigma Chemical Co. (St. Louis, MO, USA). High performance
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liquid chromatography (HPLC-DAD) was performed with a Shimadzu Prominence Auto
Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto, Japan), equipped with Shimadzu LC-
20AT reci- procating pumps connected to a DGU 20A5 degasser with a CBM 20A integrator,
SPD-M20A diode array detector and the LC solution 1.22 SP1 software.

2.4. Quantification of compounds by HPLC-DAD

Reverse phase chromatographic analyses were carried out under gradient conditions
by using C18 column (4.6mm_250mm) packed with 5 um diameter particles. The mobile
phase was water containing 2% acetic acid (A) and methanol (B), and the composition
gradient was 5% of B until 2 min, 25% (B) until 10 min, 40, 50, 60, 70 e 80% (B) every 10
min; following the method described by Oboh et al. (2014), with minor modifications. The
CEL was analyzed in a dissolved way with the mobile phase at a concentration of 15 mg/ml.
All the samples and mobile phase were filtered through 0.45 pm membrane filter (Millipore)
and, then, degassed by ultrasonic bath prior touse. Stock solutions of standard references were
prepared in the HPLC mobile phase at a concentration range of 0.025-0.300 mg/ml. The flow
rate was 0.7 ml/min, injection volume 50 uL and the wave length was 270 nm for gallic acid
and elagic acid, 325 nm for chlorogenic acid and 366 nm for quercetin and rutin. The
chromatography peaks were confirmed by comparing the retention time with those ones with
reference standards and by DAD spectra (200-600nm). Calibration curve for gallic acid: Y =
12574x + 1195.6 (r = 0.9998); chlorogenic acid: Y = 13472x + 1308.5 (r = 0.9997); elagic
acid Y = 11834x + 1359.2 (r = 0.9999), rutin: Y = 13149x + 1273.8 (r = 0.9996) and
quercetin: Y = 12409x + 1265.7 (r = 0.9999). All chromatography operations were carried
out at ambient temperature and in triplicate. The limit of detection (LOD) and the limit of
quantification (LOQ) were calculated based on the standard deviation of the responses and the
slope using three independent analytical curves. LOD and LOQ were calculated as 3.3 and 10
o/S, respectively, being o the standard deviation of the response and S is the slope of the
calibration curve (BOLIGON et al., 2013).
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2.5 Animals

Adult male Wistar rats (160-200g) were obtained from Biotério Central da
Universidade Federal de Santa Maria (UFSM) and they were arbitrarily distributed in to
different experimental groups. The animals were housed in polypropylene cages at an ambient
temperature of 24 + 2°C and 45-55% relative humidity, with a 12:12h light/dark cycle and
they were also adapted to local conditions for at least 72h before the experiment. Animals
were provided with commercial food pellets and water ad libitum. All experimental protocols
were approved by the Ethics and Animal Welfare Committee of Universidade Federal de
Santa Maria (CEUA UFSM; Protocolo 103/2013).

2.6 Acute toxicity study

Acute oral toxicity of C. iguanaea was evaluated in Wistar male mice as preconized
by the OECD Guideline (Organization for Economic Cooperation and Development, 2001)
with some modifications. The experimental procedures were performed twice using three
male Wistar rats per group at each step. The control group received distilled water (1 ml/kg)
and the test group a single dose of 2000 mg/kg of CEL dissolved in water. Both treatments
were made by gavage and the dose of 2000 mg/kg corresponds to the maximum dose
recommended by the protocol adopted. The animals were observed 6 and 12 hours after
administration and every day for 14 days. The weight of the animals and food intake were
monitored, as well as cases of death, occurrence of tremors, convulsions, changes in skin and
fur, somatomotor activity and behavior. On the 15th day, after a short period of fasting, the
animals were anesthetized and euthanized by cardiac puncture. The liver and the kidney of
each animal was removed, homogenized in 50 mM Tris- HCI, pH 7.4, centrifuged and the
supernatant used to measure the activity aminolevulinate dehydratase enzymes (5-ALA-D),
catalase (CAT) and thiobarbituric acid (TBARS). The blood was collected from the cardiac
puncture in two tubes: one with the anticoagulant ethylenediaminetetraacetate (EDTA) and

the other without any additive.
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2.7 Subacute toxicity study

The subacute toxicity study was developed following the guidelines of OECD 407
(1995) with minor modifications. CEL was dissolved in water and administered by gavage,
each morning for 28 days. The animals were divided in four groups totaling 20 animals used

in the experiment (n=5) as the following groups:

Group I: control group treated with water;
Group I1I: treated with CEL 100 mg/Kkg;
Group Il1I: treated with CEL 200 mg/kg;
Group 1V: treated with CEL 400mg/kg.

The body weight of the animals was made by daily monitoring throughout the study
period. On day 29 of the study, all the animals were subjected to a short fasting period. After
this period, blood was collected in two tubes: one with anticoagulant EDTA and the other
without anticoagulant, through cardiac puncture from the left ventricle of the heart in a
nesthetized animals. After wards, the rats were euthanized and the kidney and liver were
removed, dissected, and fixed in al0% formalin solution. The liver and the kidney of each
animal was removed, homogenized in 50 mM Tris- HCI, pH 7.4, centrifuged and the
supernatant used to measure 6-ALA-D, CAT and TBARS.

2.8 Aminolevulinate dehydratase enzyme activity (6-ALA- D)

The activity of 3-ALA-D renal and hepatic enzyme was measured using the method of
Sassa (1982) with minor modifications. This method quantifies the rate of formation of the
product porphobilinogen (PBG) in a 100 mM phosphate buffer, pH 6.8 and 2.4 mM
aminolevulinic acid (ALA) as described by Barbosa et al., 1998. Incubations were performed
using liver tissue and kidney at a temperature of 37 °C, 60 minutes. The reaction product was
determined using Ehrlich's reagent (molar absorption coefficient of 6.1 x 104 / M to the salt

Ehrlich - porphobilinogen ) an absorbance of 555 nm.
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2.9 Thiobarbituric Acid Reactive Substances (TBARS )

Lipid peroxidation (LPO) in the liver and kidney tissue was measured by TBARS
method, which consists of a colorimetric reaction LPO product, malondialdehyde (MDA)
with thiobarbituric acid (TBA). This reaction produces a colored compound that absorbs at
532 nm at maximum (BUEGE; AUST, 1987).

2.10 Enzyme catalase activity (CAT)

The activity of catalase (CAT) kidney and liver was determined by the decay of
hydrogen peroxide (H202) at 32 °C. This method is based on the consumption of H2O. by
CAT enzyme to an absorbance of 240 nm (AEBI, 1995).

2.11 Biochemical and hematological parameters

The blood without the anticoagulant was allowed to clot before centrifugation (4000
rpm for 10min) to obtain serum, which was utilized for the assessment of glucose (GLU),
aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT) activities, total
cholesterol (CHOL), blood urea nitrogen (URE), blood creatinine (CRE) and total blood
protein (PRO) levels analyzed by use of standard methods on Cobas MIRA® (Roche
Diagnostics, Basel, Switzerland) automated analyzer. 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. Lymphocyte, neutrophils,, monocytes,
eosinoplis, and basophils were analyzed only for the study of subacute toxicity with the use of

an automatic counter veterinary Mindray BC 2800.
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2.12 Histopathology of subacute toxicity

We analyzed 19 samples from liver and 18 samples from kidney, fixed in 10%
buffered formalin. The samples underwent standard histological processing, embedded in
paraffin, sectioned at 8um sections and stained with hematoxylin and eosin. In liver analysis
were photomicrographed 4 random fields/blade in 4 histological slides per sample. Nuclear
area and nuclear density of hepatocytes and densities of kupfer cells were analyzed. The
analyzes were made in the software Image Pro Plus 4®, we used a grid of 200um?, dividing
this grid in 12 subfields of equal size, with subsequent analysis by standardized sampling four
subfields. In renal analysis were photomicrographed 5 random fields/blade in the area of the
renal cortex, 5 blades per sample. In each histological blade, analyzed 10 randomly renal
glomeruli. The variables measured were glomerular area and nephron area. The subcapsular
area was estimated by subtracting the area of the glomerulus by the nephron area. Renal

analysis is also performed by the software Image Pro Plus 4®.

2.13 Statistical analysis

The data are expressed as means + S.D. All the results were analyzed by oneway
ANOVA, and Tukey test were used in order to compare any significant differences between
the control group and the treated group. The differences between the groups were considered
to be significant when p < 0.05. The chromatographic analyzes were performed using the
software R version 3.1.1 (R Core Team, 2014).
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3 RESULTS

3.1 HPLC analysis

HPLC profile of CEL of C. iguanaea revealed the presence of the phenolics acids:
gallic acid (tr = 9.75 min; peak 1), chlorogenic acid (tr = 19.43 min; peak 2) and ellagic acid
(tr = 24.17 min; peak 3), and the flavonoids: rutin (tr = 28.01 min; peak 4) and quercetin (tr =
32.89 min; peak 5) (Figure 1 and Table 1).

Figure 1. Representative high performance liquid chromatography profile of CEL of C.
iguanaea, detection UV was at 327 nm. Gallic acid (peak 1), chlorogenic acid (peak 2),
ellagic acid (peak 3), rutin (peak 4) and quercetin (peak 5).

3.2 Acute toxicity study

The dose of 2000 mg/kg of CEL did not cause any mortality or clinical signs of acute
toxicity in male Wistar rats observed for a short time (48 h) and a longer period of time (14
days). Regarding hematological findings in particular of blood red cells (Table 2 ), the mean
values of erythrocyte count, hemoglobin and hematocrit values, as well as the RBC indices
(MCV, MCH and MCHC) behaved within the normal range established in animals treated
with the plant. However, platelets treated animals had a significant decrease when compared

to the control. The average values of white serie there was a significant difference in some
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variables studied correlated with the control group. Animals that received 2000 mg/kg of CEL
showed a decrease of lymphocytes, and increase of neutrophils (Table 3).

Table 1. Composition of C. iguanaea CEL.

Compounds Celtis iguanaea LOD LOQ
(mg/g) (%) (ng/mL) (ng/mL)
Gallic acid 2.71+0.03a 0.27 0.021 0.069
Chlorogenic acid 503+0.01b 0.50 0.007 0.023
Ellagic acid 17.68 £0.01¢ 1.76 0.013 0.042
Rutin 15.94 +0.02 d 1.59 0.019 0.061
Quercetin 10.83+0.03 ¢ 1.08 0.011 0.037

Results are expressed as mean + standard deviations (SD) of three determinations. Averages followed by
different letters differ by Tukey test at p <0.05.

Table 2. Analysis of the effect of administration of 2000 mg/kg of CEL in erythrocyte
parameters and levels of male Wistar rats platelets.

Hematological Study group
parameters Control 2000 mg/kg
RBC (x10%/uL) 8.26 £ 0.20 8.66 + 0.37
HBG (g/dL) 16.43 + 0.51 16.20 + 0.37
HCT (%) 47.56 £ 2.30 47,74 +1.87
VCM (fL) 57.63 £ 2.97 55.16 + 2.30
HCM (pg) 10.83+0.72 18.66 + 0.82
CHCM (g/dL) 34.50 + 0.55 33.92 + 0.68
RDW (%) 15.43 +0.32 15.82 +0.20
PLT (x10%/uL) 1115.33 £ 22.23 1021.00 £ 42.71*

Data are expressed as mean + S.D. One way ANOVA followed by Tukey test, when appropriate. Red Blood
Cells counts (RBC), Hemoglobin (HGB), Hematocrit (HCT), Mean Corpuscular Volume (MCV), Mean Cell
Hemoglobin (MCH), Mean Cell Corpuscular Hemoglobin Concentration (MCHC), Red cells Distribution Width
(RDW) and Platelet (PLT). Differences between groups were considered to be significant when p >0.05.n =3
*Different from the control group.
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Table 3. Effects of the acute administration of C. iguanaea on white cells and differential
leukocites counts in rats.

_ Study group
Hematological parameters
Control 2000 mg/kg
WBC (x10%/uL) 11.46 + 2.89 10.14 + 1.83
Lymphocytes (%) 76.33 £2.30 65.20 +5.67 "
Neutrophils (%) 19.00 + 4.00 31.40 £4.03"
Monocytes (%) 3.33+1.52 2.80 £ 2.17
Eosinophils (%) 1.33+1.52 0.60 +0.89

Data are expressed as mean = S.D. One way ANOVA followed by Tukey test, when appropriate (n=3).
Leukocytes (WBC). Differences between groups were considered to be significant when p < 0.05.
*Different from the control group.

Table 4 — Effects of acute administration of CEL on biochemical parameters in rats.

Study group
Biochemical parameters

Control 2000 mg/kg
GLU (mg/dL) 234.03 + 37.61 246.88 + 29.89
CHOL (mg/dL) 101.80 + 10.89 90.28 £ 11.10
URE (mg/dL) 30.62 + 0.49 37.83+3.31*

CRE (mg/dL) 0.42 + 0.07 0.46 + 0.03
ASAT (U/L) 123.40 + 23.57 109.40 £ 22.13
ALAT (U/L) 80.33 £ 2.08 62.20 +9.49 *

PROT (g/dL) 5.32+0.98 5.68 + 1.10

Data are expressed as mean + S.D. One way ANOVA followed by Tukey test, when appropriate (n=3). Blood
sugar levels (GLU), total cholesterol (CHOL), blood urea nitrogen (URE), blood creatinine (CRE), aspartate
amino transferase (ASAT), alanine aminotransferase (ALAT) and blood protein (PROT). Differences between
the groups were considered to be significant when p < 0.05. (*) Different from the control.
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Analyzing the biochemical serum parameters (Table 4), there was a significant
difference from urea and ALAT when compared to the control group. While the urea treated
group had a significant increase, ALAT in the treated group decreased significantly. The other

parameters did not have change the normal range.

3.2.1 Activity of 6-ALA-D renal and hepatic enzyme

There was no significant difference in the activity of 6-ALA-D enzyme in the liver and

the kidney (Figure 2) of the animals treated with the LCE when compared to the control

group.
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Figure 2. Activity of -ALA-D renal and hepatic enzyme in male Wistar rats treated (2000
mg/kg C. Iguanaea extract) and control (distilled water). The results were expressed as mean
+ standard deviation.

3.2.2 Renal and hepatic lipid peroxidation

Analyzing the lipid peroxidation in renal and hepatic tissues of the group treated with

CEL evidenced no significant difference when compared with the control group (Figure 3).
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Figure 3. Quantification of lipid peroxidation liver and kidney tissus of Wistar rats treated
(2000 mg/kg Celtis iguanaea extract) and control (distilled water) by the TBARS method.
The results were expressed as mean + standard deviation.

3.2.3 Renal and hepatic catalase enzyme

Observed no significant difference in renal and hepatic CAT activity in the group

treated with CEL when compared to the control group.
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Figure 4. Activity of renal and hepatic CAT enzyme in male Wistar rats treated and control.
The results were expressed as mean + standard deviation.
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3.3 Sub-acute toxicity study

In Figure 5, it was found that the variation in weight between the groups was similar,
suggesting that C. Iguanaea no significant effect on weigth gain or loss of the treated animals,

possibly indicating that the plant does not affect the appetite.
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Figure 5. Weight evaluation of Wistar rats during subacute treatment with CEL. Data are
expressed as mean + standard deviation.

In relation to the biochemical parameters described in Table 5, there is the increase of
glucose in the groups treated with the dose of 200 and 400 mg/kg and increase cholesterol in
the group treated at a dose 400 mg/kg. In contrast, there was a decrease of ASAT in the group
treated with the highest dose of the plant. The other parameters evaluated as urea, creatinine
and ALAT showed no changes in their levels compared different doses of C. iguanaea with
the control group.

With regard to hematological findings in particular the red series (Table 6), the
averages of erythrocyte count, hemoglobin and hematocrit values as well as the erythrocyte
indices (VCM, HCM and CHCM) and platelets, behaved within the established normal ranges
in relation to the control. In relation to the average values oh white series, the variables are

within normal limits, when correlated with the control group (Table 7).
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Table 5. Effects of sub-acute administration of CEL for 28 days on biochemical parameters in
rats.

Biochemical Study groups

parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
GLU (mg/dL) 171.72 £ 8.34 175.00 £ 10.53  202.80 +9.31" 196.80 £ 4.76*
CHOL(mg/dL) 91.57 £5.28 84.33 £ 6.95 95.00 + 8.98 102.71 + 4.03"
URE (mg/dL) 49.01 +£8.24 45.18 £ 8.93 38.24 +£ 3.90 45.10+4.74
CRE (mg/dL) 0.65+0.10 0.70+0.14 0.63+0.18 0.80+0.18
ASAT (U/L) 120.66 + 8.33 107.80 £ 8.13 113.42 £ 3.73 107.71 £ 4.11°
ALAT (U/L) 49.11 +6.90 44.66 + 4.90 48.00 £ 5.93 52.50 + 6.69
PROT (g/dL) 6.07 + 1.76 572 +0.36 5.34 + 0.80 5.77+0.21

Data are expressed as mean + S. D. One way ANOVA followed by Tukey test, when appropriate (n=5). Blood
sugar levels, total cholesterol (CHOL), blood urea nitrogen (URE), blood creatinine (CRE), aspartate
aminotransferase (ASAT), alanine aminotranferase (ALAT) and blood protein (PROT). Differences between the
groups were considered to be significant when p < 0.05. (*) Different from the control.

Table 6. Effects of the sub-acute administration of CEL for 28 days on erythrocytic
parameters and platelets in rats.

Hematological Study groups

parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
RBC (x10%/uL) 8.48 +0.28 7.71+0.20 7.87+£0.33 8.12+0.40
HBG (g/dL) 17.00 + 0.62 16.00 + 0.44 15.83 £ 0.15 16.30 + 0.57
HCT (%) 46.53 £ 2.65 43.00 £ 0.62 43.16 £ 0.64 4417 £1.83
MCV (fL) 54.87 + 1.30 5590+ 1.64 54.96 + 2.23 54.55 + 1.09
MCH (pg) 15.71+1.28 16.05 + 0.75 14.98 +1.02 1537+ 1.35
MCHC (g/dL) 36.53+1.75 37.20+£0.37 36.60 + 0.65 36.77 £ 0.69
RDW (%) 14.56 + 0.57 14.60 + 1.02 13.20 +1.80 1410+ 1.62
PLT (x10%/uL) 1024.66 £+ 147.65 1139.00 + 67.45 1045.33+52.20 1083.00 + 38.74

Data are expressed as mean = S.D. One way ANOVA followed by Tukey test, when appropriate. Red Blood
Cells counts (RBC), Hemoglobin (HGB), Hematocrit (HCT), Mean Corpuscular Volume (MCV), Mean Cell
Hemoglobin (MCH), Mean Cell Corpuscular Hemoglobin Concentration (MCHC), Red cells Distribution Width
(RDW) and Platelet (PLT). Differences between groups were considered to be significant when p < 0.05.
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Table 7. Effects of the sub-acute administration of CEL for 28 days on white cells and
differential leukocytes count in rats.

Hematological Study groups
parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
WBC (x10%/uL) 8.66 £ 1.51 10.90 + 0.00 17.30 + 10.39 13.27 +1.17
Lymphocytes (%)  75.66 +10.02  77.00 + 0.00 74.33 £251 75.25 +7.13
Neutrophils (%) 23.00 £ 9.53 22.00 £ 0.00 23.00 +£1.00 22.00 + 6.98
Monocytes (%) 0.66 +1.15 1.00 £ 0.00 0.66 +1.15 2.00+0.81
Eosinophils (%) 0.66 + 0.57 00 00 0.75+0.50

Data are expressed as mean = S.D. One way ANOVA followed by Tukey test, when appropriate (n=5).
Leukocytes (WBC). Differences between groups were considered to be significant when p < 0.05.

3.3.1 Activity of 6-ALA-D renal and hepatic enzyme

In Figure 6, a 6-ALA-D liver activity was not affected at concentrations of 100 mg/kg
and 200 mg/kg compared with the control groups. Moreover, the treated group at a dose of
400 mg/kg, we observed a significant increase in enzyme activity in the liver. As regards the
activity of 3-ALA-D renal, there was no significant change in any of the dosages administered

compared with the control group.

3.3.2 Renal and hepatic lipid peroxidation (TBARS)

Regarding the TBARS assay, were no significant difference in kidney tissue in
animals treated with different doses of the plant. In the liver, there was as increase only in the
group treated with 100 mg/kg of CEL (Figure 7).
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Figure 6. Effect of 3-ALA-D renal and hepatic activity in rats with sub-acute treatment with
CEL at concentrations of 100 mg/kg, 200 mg/kg and 400 mg/kg compared within the control
group expressed in porphobilinogen nmol/hour ( p< 0.05). Data are expressed as mean + SD
*Different from the control group.
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Figure 7. Thiobarbituric acid reactive substances (TBARS) in liver and kidney, expressed as
nmol/mg protein of MDA after sub-acute treatment with CEL at concentrations of 100 mg/kg,
200 mg/kg and 400 mg/kg compared to the control group (p < 0.05). Data are expressed as
mean £ SD. (a) Different from the control.
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3.2.3 Renal and hepatic catalase enzyme

When evaluated the activity of CAT, there was no significant difference between the
control group and treated groups with different doses of the plant. A decrease in CAT activity
at a dose of 100 mg/kg and 400 mg/kg was noticed, however the results were not significantly
different (Figure 8).
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Figure 8. Effects of subacute administration of CEL on the catalase enzyme activity in liver
and kidneys of rats. Data are expressed as mean + SD

3.2.4 Histological analysis

The histological analysis of the liver were approximately 5600 hepatocyte area and
cell density of 300 courses. For all parameters, there were significant differences between
group 400 mg/kg and the control group, 100 mg/kg and 200 mg/kg. There was an increase in
average hepatocyte area with a reduction in the density of hepatocytes and Kupfer cells (Fig.
9C and 9D). This result indicates a significant increase in hepatic metabolism. As a result of
increased hepatocyte metabolism, suggest a concomitant increase in the cytoplasmic area,
justifying the reduction in the average nuclear density in the group 400 mg/kg .

In kidney statistics were analyzed approximately 900 glomerulus. For the parameters

area, and nephrotic glomerular area was significant differences between group 400 mg/kg and
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control groups, 100 mg/kg and 200 mg/kg (Figure 9A and 9B). In the overview, there was a
compensatory reduction in nephron area and corpuscle, without change in the subcapsular

area.

Figure 9. Photomicrography (A) Architecture of control's renal normal histology (B) Renal
histology of a subject treated with 400 mg/kg C. iguanae (C) Architecture of control's hepatic
normal histology (D) Hepatic histology of a subject treated with 400 mg/kg C. iguanaea.

4 DISCUSSION

Much of consumed flora, including C. iguanaea, has little or no evidence of their
pharmacological properties and toxic effects. Veiga et al. (2005) believes that the toxicity of
medicinal plants is a serious public health issue, due to the fact that in addition to its adverse
effects, its interaction with other drugs commonly occur and can lead to serious problems for

consumers.
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In Brazil, the use of medicinal plants by the population is widespread. The species C.
iguanaea, popularly known as "espordo-de-galo” is a plant used for many therapeutic
purposes (SOUZA et al, 2013). By observing the chromatographic analysis of CEL of C.
iguanaea was possible to identify five mostly phenolic compounds present in the plant: gallic
acid, chlorogenic acid, ellagic acid, quercetin and rutin. The presence of these phenolic
compounds is corroborated with the data present in studies conducted by Paula et al. (2010)
and Trevisan et al. (2012).

In acute toxicity study of C. iguanaea, there was no mortality or morbidity.
Furthermore, no change in food intake, neithers changes in the weight were observed, and no
signs of toxicity and change in behavior. Therefore, according to the guidellines established
by the OECD 423, crude extract of C. iguanaea leaves can be included in the category 5 with
a median lethal dose (LDso) estimated between 2000 - 5000 mg/kg (OECD, 2001).

Blood is one of the major indices of the physiological and pathological state of the
organism and changes in the hematological and biochemical serum parameters may indicate
toxic effects of a test compound. After administration of 2000 mg/kg of the CEL, there was
no significant change in hematological results. However, there was a significant decrease in
platelet levels, which can be explained by the presence of phenolic compounds such as
flavonoids (rutin and quercetin) in the crude plant extract, as described in Silva et al., (2014).
According to Sabetghadam et al. (2013), the decrease in platelets levels may indicate a
deficiency in the production, migration and platelet aggregation and may be related to the
presence of flavonoids.

In most cases, kidney damage, such as acute renal failure, can be diagnosed by serum
biochemical markers. The creatinine and urea concentrations are the tests used for the
diagnosis of renal damage (BELLOMO et al., 2012). The rats subjected to acute toxicity C.
iguanaea had a significant increase in urea levels when compared to control rats. However,
creatinine was no significant difference between groups. The determination of urea in plasma,
although widely used in clinical practice, alone is not a marker of some damage to the
glomerular filtration rate. Around 40-70 % of urea filtered by the kidney may return to the
circulation, and the fact that a high protein diet, gastrointestinal tissue destruction and
corticosteroid therapy can lead to an increase in plasma urea levels (SODRE et al, 2007;
BASTOS, KIRSZTAJN, 2011; BELLOMO et al., 2012). Moreover, the importance of the
determination of serum urea to the clinic is your relationship with creatinine. The ratio
between these two parameters that can indicate different renal disease states. Furthermore, it

is important to note that to confirm that there was renal injury, it would be appropriate to
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perform analysis of urine and quantify individuals proteins and, thus, establish whether was
even a renal damage (SODRE et al., 2007). Therefore, there is no way to ensure that the dose
given to rats caused renal damage.

Serum markers such as ALAT and ASAT are important indicators of liver damage.
The ALAT is an enzyme found primarily in the cytosol of liver cells, while ASAT is not liver
specific enzyme, as it is found in red blood cells, skeletal muscle and heart (REICHLING,
KAPLAN, 1988). In animals treated with 2000 mg/kg of C.iguanaea, there was a significant
decrease in ALAT . Udem et al. (2010) believe that the significant increase in transaminases
(ALAT and ASAT) after high doses of an extract are capable of causing significant
biochemical changes in the liver and myocardium, may cause necrosis in these tissues. Thus,
the significant decrease of ALAT in treated animals can suggest a non-hepatotoxic effect, as it
was also demonstrated in a study conducted by Atsamo and colleagues (2011).

Oxidative markers, such as lipid peroxidation and catalase enzyme activity, are linked
to oxidative stress process, which is the overproduction of reactive oxygen species (eg,
hydrogen peroxide and hydroxyl radical) generating an internal cell imbalance
(VASCONCELOS et al., 2007). In related, these parameters corroborate that rats subjected to
a single dose of CEL of C. iguanaea did not have a significant kidney damage. In addition,
when these parameters were analyzed in the liver can be observed that animals treated had no
statistical difference alterations. It can be inferred that the presence of phenolic compounds
such as chlorogenic acid and flavonoids (rutin and quercetin) act as potent antioxidants
(GARAMBONE et al., 2007).

The d-ALA-D cytoplasmic enzyme participates in the biosynthetic route of
tetrapyrrolic compounds (corrinas, bilinas, chlorophyll and heme). Thus, inhibition of this
enzyme may impair biosynthesis of heme, a prosthetic group present in proteins oxygen
carriers, responsible for transporting electrons, biotransform xenobiotics and protect against
peroxides (SASSA, 1982; SOUZA, 2004) . In addition, the accumulation of ALA substrate
may compromise critical system like the body’s nervous system (MCGILLION et al., 1974).
So, after acute dose administration of the CEL in animals showed no significant difference
compared to the control group, indicating no toxic effect on the liver of treated rats.

In relation to the leukocyte parameters, we observed a significant proliferation of
neutrophils. Responsible for the innate immune system, neutrophils are the immune cells that
are in greater numbers in our circulation and their proliferation, according to Miller (1985),
may be related to endogenous intoxication as increased circulating blood urea, parameter

evidenced in mice treated with C. iguanaea.
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Furthermore, the relationship between neutrophils and lymphocytes has been an
important parameter to establish some cardiovascular diseases and some cancers. These
studies were done in humans who already have a chronic disease affecting the body's defenses
(GRAZIOSI et al, 2014; HORNE et al, 2005; PENG et al, 2014; WILLIAMS et al, 2013). If
we look at this relationship in Wistar rats subjected to acute toxicity of C. iguanaea, we
observed an increase that needs to be investigated. Other parameters could be required to
confirm this hypothesis, for example, the dosage of interleukin 1 and 6, mediators of
inflammatory response (ABBAS et al., 2011).

In subacute toxicity, systemic toxicity signals are defined from the reduction in body
mass of experimental animals, as well as reduced weight gain. Systemic toxicity is manifested
by reduction in water and food consumption, behavioral changes, apathy and poor coat
condition, as the presence of the goose bumps, can also be expressed by changing the relative
mass of the organs, hematological and biochemical changes (MELLO, 2001).

No significant differences were observed in the weight gain of rats treated with CEL at
doses of 100, 200 and 400 mg/kg when compared to the control group. In the treated group
with 100 mg/kg of C. iguanaea crude extract was not observed any changes in biochemical
parameters. However, the doses of 200 and 400 mg/kg there was a significant increase in
plasma glucose. One of the possibilities of this fact would be that C. iguanaea supposedly has
some components that have hyperglycemic action. In the study of Bixa orellana L. known as
“urucum”, it was detected a fraction inducing hyperglycemia, detailed studies have shown
toxic effects on the pancreas and liver accompanied by hyperglycemia (MORRISON et al.,
1991).

Transaminases represent an important group of liver enzymes and play an important
role in the metabolism of amino acids, catalyze the transfer of an amino group of an amino
acid into a keto acid. Alanine aminotransferase (ALAT) and aspartate aminotransferase
(ASAT) are transaminases of great importance in clinical diagnosis of various metabolic
disorders (BOONE et al., 2005).

In the present study, there was a significant decrease of ASAT in the group treated
with the dose of 400 mg/kg compared with the control group. This observation may indicate
that the crude extract of C. Iguanaea have no toxic effect. The histological findings in the
liver of animals treated with 400 mg/kg corroborate with decreasing ASAT, due to the fact
that the increase in the average hepatocyte area indicates an increase in hepatic metabolism,

suggesting that this dose the extract of C. iguanaea could have hepatoprotective effect.
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The 5-ALA-D metal cytoplasmic protein is also known as porphobilinogen synthase, it
has the function to catalyze the condensation of 3-aminolevulinic acid (5-aminolevulinic acid,
ALA) to form the compound monopirrélico porphobilinogen (PBG). This reaction catalyzed
by 6-ALA-D is part of the biosynthetic pathway of the compounds as chlorophyll and heme.
In mammals, the tissues with the greatest activity of this enzyme are liver, kidney and
hematopoietic tissue. Inhibition of 3-ALA-D may harm heme biosynthesis, resulting in
pathological consequences. Fusthermore, inhibition of this enzyme can result in accumulation
of ALA substrate in the blood with a consequent increase in the urinary excretion of this
compound (SASSA, FUJITA, KAPPAS, 1989).

In the group treated with CEL, the activity of 3-ALA-D kidney was unchanged
compared with the control group. However, the activity of 3-ALA-D hepatic increased
significantly in a dose of 400 mg/kg. This value, when correlated with decreasing in ASAT
and findings of histological analisys, suggests absence of liver damage for the highest dosage.

The generation of free radicals and lipid peroxidation are extremely fast reactions.
They are usually measured by their products, especially thiobarbituric acid reactive
substances (TBARS ), including MDA. The increase in TBARS denotes a high lipid oxidative
damage which promotes loss of the homeostatic equilibrium maintainability, causing changes
in the vital functions of cells (LONG et al., 2004).

The CAT is a cytoplasmic hemeprotein which catalyzes the reduction of H2O;
producing a significant antioxidant effect in the body. It is considered the first line of defense
against oxidative damage, protecting aerobic cells against oxidative stress caused by ROS
(LLEDIAS, RANGEL, HANSBERG 1998). No significant changes occurred in either doses.

In the group treated with the crude extract of C. iguanaea at a dose of 100 mg/kg it
was observed a significant increase in the production of MDA in the liver, while in groups
200 and 400 mg/kg there was no difference. Antunes et al. (2008) revealed that the highest
TBARS concentration occurs when antioxidant levels are extremely low, indicating that the
inability dismutation of H>O, to water may be a first step in the installation of a frame
oxidative stress, increased lipid peroxidation and decreased CAT activity represent an

oxidative stress.
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5 CONCLUSION

The present study showed that crude extract of Celtis iguanaea did not show
significant toxicity in male Wistar rats after a single dose of 2000 mg/kg, thus it is considered
safe by the OECD 423 and classified as category 5. When administered different doses for 28
days, we observed biochemical and histological alterations At doses of 200 and 400 mg/kg
caused an increase of glucose and may suggest toxic effects on the pancreas. The activity of
d-ALA-D liver had significant increases after administered of 400mg/kg and decreases in
AST enzyme, suggesting that this dosage of C. iguanaea is not hepatotoxic, which was
corroborated by histological analysis. However, more studies are necessary to confirm the

safe of the plant.
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5 CONSIDERACOES FINAIS

Desde tempos antigos, os produtos naturais séo utilizados pela humanidade. A busca
por alivio e pela cura de doengas através da ingestdo de ervas e folhas talvez tenha sido uma
das primeiras formas de utilizacdo de produtos naturais. Embora de modo empirico ou
intuitivo, com base em descobertas ao acaso, as sociedades antigas utilizavam as plantas para
fins terapéuticos e, posteriormente, elas serviram de base para a Boténica, Quimica e
Medicina. Atualmente, a OMS (Organizacdo Mundial da Salde) recomenda retomar a
fitoterapia e apoia o estudo e o0 uso de plantas medicinais regionais como forma de baixar 0s
custos dos programas de saude publica, principalmente nos paises em desenvolvimento, como
no Brasil (VIEGAS JR, BOLZANI, BARREIRO, 2006).

O uso popular das plantas medicinais contribui de forma relevante para a divulgacéo
das virtudes terapéuticas destes vegetais. Suas potencialidades encontram-se longe de estar
esgotadas. Novos conhecimentos e necessidades certamente encontrardo solugdes no reino
vegetal, uma vez que sdo produtoras de uma grande quantidade de metabdlitos secundarios
com estruturas quimicas diversificadas. Estes metabdlitos estdo sendo cada vez mais
conhecidos através de isolamento, elucidacao estrutural, testes farmacoldgicos e de toxicidade
(BRASIL, 2009).

A revisdo bibliogréafica acerca de Celtis iguanaea despertou o interesse em estudar esta
espécie, pois demonstrou-se promissora devido aos seus diversos usos populares e por ser
comum na regido Sul do Brasil, aliado a poucos estudos sobre esta planta. Este trabalho
apresenta diferentes testes, utilizando duas partes da planta: raizes e folhas. No primeiro
manuscrito, trabalhou-se com as raizes do vegetal, no qual avaliou-se a atividade antioxidante
através de diferentes métodos, como sequestro do radical DPPH, diclorofluoresceina,
TBARS, inibicdo da carbonilacdo de proteinas e poder de reducdo, além da quantificacdo de
certas classes de metabdlitos, como compostos fendlicos totais, flavonoides, taninos e
alcaloides. O potencial antimicrobiano da planta também foi avaliado, de modo a investigar a
capacidade dos diferentes extratos de inibir o crescimento de bactérias e fungos causadores de
infeccOes, informacéo relevante visto que as raizes sdo utilizadas na medicina popular em
casos de infeccdo urinaria.

O screening fitoquimico qualitativo realizado nas raizes de C. iguanaea apresentou

resultados positivos para 0s grupos quimicos antocianinas, grupo amino, flavonoides,
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leucoantocianidinas, flavonas, triterpenoides, esteroides, compostos fenolicos, cumarinas e
acidos organicos. Estes resultados encontram-se em conformidade com estudo ja realizado na
espéecie (PAULA et al. 2010). De acordo com Arantes et al. (2005) os flavonoides constituem
um grande grupo de pigmentos vegetais de ampla distribuicdo na natureza que protegem as
plantas contra infecgBes bacterianas e fungicas. Silva et al. (2009) citam que compostos
fendlicos podem apresentar atividade antibacteriana, podendo explicar, parcialmente, 0 uso
popular das raizes em casos de infec¢do urinaria.

A quantificacdo de polifenois totais no extrato bruto (EB) e fracdes diclorometano
(CH2Cly), acetato de etila (AcOEt) e butanol (BuOH) seguiu 0 método descrito por Chandra e
Mejia (2004), utilizando como reagente o Folin-Ciocalteau, e acido galico (AG) como padréo.
A maior concentracdo de polifenois foi encontrada na fragdo AcOEt, com 221,55 + 0,28 mg
de equivalentes de AG por grama de fracdo. Cechinel Filho e Yunes (1998) afirmam que os
compostos fendlicos em geral, quando se trabalha com fracfes de diferentes polaridades,
costumam se concentrar na fracdo AcOEt, estando de acordo com o que foi encontrado neste
trabalho. Quanto aos teores de flavonoides, avaliado pelo método do cloreto de aluminio,
utilizando quercetina como padrdo (WOISKY e SALATINO, 1998) e concentracdo de
alcaloides seguindo metodologia descrita por Sreevidya e Mehrotra (2003), a fracdo AcOEt
também apresentou os maiores valores, 28,80 + 0,09 mg/g fracdo e 3,96 + 0,32 mg/g fracéo,
respectivamente. Por outro lado, a fragdo BUOH se destacou com 0s maiores teores de taninos
(14,10 £ 0,20 mg/g fracdo) avaliado através do método da vanilina, utilizando o padrédo
catequina (MORRISON et al., 1995). Podemos notar que na prospeccao fitoquimica nédo foi
detectado taninos, visto que o método possui sensibilidade menor que o método de
doseamento de taninos condensados. Quanto aos alcaloides, estes ndo foram pesquisados no
screening inicial.

Diversos métodos sao utilizados para avaliar a capacidade antioxidante de substancias
biologicamente ativas, ferramentas usuais e extremamente necessdrias na selegdo de
compostos que possam ser utilizados como farmacos. Dificilmente existira um método
simples e universal pelo qual a capacidade antioxidante possa ser medida precisa e
guantitativamente, devido aos diferentes tipos de radicais livres e de suas diferentes formas de
atuacdo em organismos vivos (ALVES et al., 2010). As plantas produzem uma variedade de
antioxidantes necessarios para as mesmas se protegerem dos radicais livres gerados pelo
estresse oxidativo imposto pelos raios solares e exposicdo ao oxigénio (SCARTEZZINI,
SPERONI, 2000).
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Os polifenois sdo amplamente distribuidos no reino vegetal. S&o efetivos doadores de
hidrogénios e seu potencial antioxidante é dependente do nimero e da posicdo de
grupamentos hidroxila, bem como, da sua habilidade em suportar a deslocalizacdo dos
elétrons no anel aromatico. (MALLACRIDA, MOTTA, 2005).

A auséncia de estudos quimicos sobre o potencial antioxidante de C. Iguanaea
motivou a avaliacdo desta espécie, visto a importancia da relacdo existente entre esta
atividade e a prevencédo do envelhecimento precoce, doencgas neurodegenerativas e cancer.

A capacidade antioxidante in vitro foi realizada para o EB e fra¢bes de C. Iguanaea,
através do método do DPPH (2,2-diphenyl-1-picrylhydrazil) (CHOI et al., 2002). Este ensaio
é baseado na medida da capacidade de uma substancia antioxidante em sequestrar o radical
DPPH, reduzindo-o a hidrazina e com mudanca simultdnea da coloracdo para amarelo
(ALVES et al, 2010). A fracdo AcOEt foi a que apresentou a melhor capacidade antioxidante
através deste método, apresentando um valor de ICso (concentracdo necessaria para inibir o
radical DPPH em 50%) de 27.97 £ 0.35 ug/mL, sendo que o padrdo acido ascérbico
apresentou ICso de 15.98 + 0.28 pg/mL. Alguns autores tem descrito a existéncia de uma
correlacdo positiva entre o teor de polifenois e capacidade antioxidante, justificando, assim, a
maior inibicdo do radical DPPH pelas fracdes que apresentaram as maiores concentracoes de
compostos fendlicos (AcOEt e BUOH) (BOLIGON et al. 2013; BRUM et al. 2013; ZADRA,
2012). Adedapo e colaboradores (2009), estudando a capacidade antioxidante do extrato
metanolico das folhas e galhos de Celtis africana, observou que na maior concentracao
utilizada (0,1 mg/mL) a capacidade de reduzir o DPPH foi maior com o extrato dos galhos
(89,69%) do que das folhas (64,96%) da planta em relacdo ao padrdo acido ascérbico, fato
que foi atribuido a presenca de polifenois e flavonoides.

Um método muito utilizado para determinar o estresse oxidativo em células, devido a
alta sensibilidade, € o da diclorofluoresceina (DCFH), utilizando sua forma diacetato (DCFH-
DA). Apos hidrdlise na célula do composto DCFH-DA, a DCFH é liberada e, ao reagir com
radicais livres produzidos pelo metabolismo celular normal, forma o composto fluorescente
2'-7'-diclorofluoresceina (DCF), cuja intensidade € medida (ROTA, CHIGNELL e MASON,
1999; BONINI et al., 2006). Desta forma, na quanto maior a concentracdo de substancias
antioxidantes que neutralizem os radicais livres, menor sera a formagdo de DCF e,
consequentemente, menor intensidade de fluorescéncia é observada.

O EB e fragdes de C. Iguanaea foram testados em diferentes concentragdes, utilizando
0 sobrenadante do cérebro de ratos como meio e &cido ascorbico como padrdo. As fraches

CHCl; nas concentracfes de 100 e 200 pg/mL ¢ AcOEt em 200 pug/mL foram capazes de
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reduzir a oxidacdo da DCF de modo significativo. De modo semelhante, Zadra et al. (2012) e
Brum et al. (2013) avaliaram a capacidade de remocdo de EROs dos extratos de Solanum
Guaraniticum e Vitex megapotamica, respectivamente, os quais foram capazes de reduzir,
significantemente, a oxidacao de DCFH e, desta forma, reduzir o estresse oxidativo observado
em células de cérebro de ratos, quando comparado ao grupo basal, demonstrando pronunciada
capacidade antioxidante.

O dano oxidativo a macromoléculas bioldgicas é reconhecido como um importante
desencadeante de doencas inflamatorias. A lipoperoxidacdo é uma reacdo em cadeia iniciada
pela abstracdo de um atomo de hidrogénio de um éacido graxo poliinsaturado por um radical
livre, podendo formar radicais que propagam a reacdo peroxidativa e carbonilas tdxicas, como
o malondialdeido, que sdo citotdxicas e podem lesar o DNA (ESTERBAUER, 1993).

Afim de avaliar o efeito de inibicdo da peroxidacdo lipidica pelo EB e fracGes das
raizes de C. lguanaea, foi realizado o este de TBARS, baseado na medida espectrofotométrica
de um subproduto da peroxidagdo lipidica, 0 MDA. De acordo com a metodologia descrita
por Ohkawa, Ohishi e Yagi (1979), FeSO4 € adicionado em amostras de cérebro de ratos,
estimulando o dano oxidativo. Com a adicdo dos extratos da planta em diferentes
concentracgdes, a atividade protetora exercida pelos compostos pode ser, entdo, mensurada. As
fracbes CH2Cl> e ACcOEt foram capazes de reduzir a formagdo de MDA de modo
significativo, sendo que a fracdo AcOEt apresentou o menor ICso (42,03 £ 4,55 pg/mL).
Provavelmente, esta atividade se deva as maiores quantidades de compostos fendlicos,
flavonoides e taninos encontrados na fracdo. Flavonoides sdo conhecidos por inibir a
peroxidacao lipidica e lipooxigenase in vitro (BOLIGON et al., 2009; HUNG e YEN, 2001;
PEREIRA et al., 2009).

A inibicdo da peroxidacdo lipidica e da oxidacdo de proteinas realizados por
compostos antioxidantes sdo uma importante ferramenta na inibicdo e/ou impedimento da
progressao de uma série de doencas relacionadas ao estresse oxidativo. Proteinas
carboniladas, resultantes da reacdo de cadeias laterais de lisina, arginina, prolinam treonina e
acido glutdmico com radicais livres, podem acumular na célula conduzindo a morte por
necrose ou apoptose, originando processos patologicos (MAHESHWARI et al., 2011).

A capacidade de inibicdo da oxidacdo de proteinas pelo EB e fracOes foi avaliada
através da quantificacdo de grupamentos carbonil em proteinas, pelo método descrito por
Morabito e colaboradores (2004), utilizando soro humano e dano induzido por H20». Todas as
fracdes, assim como o EB do espordo-de-galo, foram capazes de reduzir o contetdo de

proteina carbonil significativamente em relagdo ao controle induzido, de maneira dose-
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dependente, sendo que na maior concentracdo utilizada (200 ug/mL), os extratos reverteram
completamente o dano causado, ndo apresentando diferenca significativa com relagdo ao
controle negativo.

Apesar dos enormes avancos da medicina, as doencas infecciosas, causadas por
bactérias, fungos, virus e parasitas, ainda sdo uma ameaca a salde publica. Produtos naturais
continuam sendo uma das principais fontes de novos agentes terapéuticos, incluindo para
doencas infecciosas (COS et al., 2006). Tendo em vista 0 uso popular das raizes da espécie C.
iguanaea e o estudo realizado por Silva e Proenca (2008), no qual houve uma concordancia
de uso popular maior que 50% em casos de infeccdo urinaria utilizando as folhas/raizes na
forma de decocgéo, motivou-se a avaliar a atividade de seus extratos frente a bactérias e
fungos. Desta forma, utilizou-se o método de microdiluicdo em caldo, o qual fornece a
concentracdo inibitoria minima (CIM) dos extratos. Porém, apenas o fungo Sacharomyces
cerevisiae mostrou-se sensivel aos extratos CH.Cl, e AcOEt, enquanto que 0S outros
microorganismos estudados apresentaram CIM > 1,00 mg/mL. O resultado encontrado pode
sugerir que a forma de extracdo utilizada no nosso estudo (maceracéo a frio) nao extraiu os
compostos com possivel atividade antimicrobiana, ja que na medicina popular é comum a
forma de decoccgédo — a qual utiliza calor — para extracéo.

Muitos produtos de origem vegetal quando consumidos de forma inadequada podem
estar relacionados com etiologia de injurias hepéticas, renais e cardiacas. A toxicidade de
plantas ocorre quando a ingestdo de chas, extratos e tinturas é realizada sem indica¢éo clinica
e de forma indiscriminada. Sabendo da ampla variedade de indicaces populares do esporéo-
de-galo e escassos estudos na literatura sobre seus efeitos toxicos, motivou a realizacdo do
segundo manuscrito, que teve por objetivo avaliar a toxicidade aguda e subaguda das folhas
de C. iguanaea.

Borges e colaboradores (2013) investigaram uma possivel citotoxicidade,
genotoxicidade e antigenotoxicidade do extrato aquoso das folhas em trés concentragdes (100,
300 e 500 mg/kg) através do Teste de Micronucleos em medula 6ssea de ratos. Os autores
puderam concluir que o extrato ndo apresentou efeitos citotoxicos e genotoxicos, e sim, acdo
antigenotdxica e anticitotoxica sobre as condi¢Ges experimentais aplicadas neste estudo. A
atividade antigenotoxica e anticitotoxica do extrato aquoso das folhas foi associada a presenca
de flavonoides, que exercem protecdo por capturar radicais livres, reduzir a alquilagdo e/ou
outros mecanismos antioxidantes. Por outro lado, os autores ressaltaram que, devido a

complexidade de extratos de plantas, ha maior probabilidade dos resultados encontrados
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serem devido ao sinergismo, antagonismo e outros interacbes entre 0S compostos
biologicamente ativos.

A toxicidade aguda do extrato bruto (EB) das folhas da planta seguiu as diretrizes
estabelecidas pela Organizacdo para a Cooperacdo e Desenvolvimento Econémoco (OECD)
423 (2001), com algumas modificacOes. Segundo a OECD 423, o estudo da toxicidade aguda
permite avaliar quais e como serdo os efeitos em um organismo em um curto periodo de
tempo (até 2 semanas), quando ele € exposto apenas uma vez a administracdo de um
composto ou extrato de uma planta medicinal, por exemplo. O grupo teste (trés machos
Wistar) recebeu uma Unica dose de 2000 mg/kg de extrato e o grupo controle recebeu apenas
dgua destilada. Os animais foram observados durante 14 dias. Durante o protocolo
experimental, ndo houve mortes em nenhum dos grupos e tampouco alteragdes significativas
no peso corporal. O contetdo de malondialdeido (MDA) e a atividade da enzima CAT e da
enzima 6-ALA-D nos tecidos hepéticos e renais tiveram seus valores semelhantes aos
encontrados no grupo controle, concluindo que uma Unica dose de EB n&o é capaz de alterar
as defesas antioxidantes dos tecidos. Em relacdo aos parametros hematologicos, ndo houve
alteracdo significativa. Por outro lado, a concentracdo de plaguetas demonstrou diminuicédo
significativa. Este resultado pode indicar uma deficiéncia na producdo, migracéo e agregacao
plaquetaria (Sabetghadam et al. 2013) e pode estar relacionada com a presenca de flavonoides
(rutina e quercetina) no EB das folhas de C. iguanaea. De acordo com Barreca et al. (2009), o
consumo de comidas e bebidas ricas em flavonoides pode estar associado com a reducdo da
agregacao plaquetaria.

Na avaliagdo dos valores médios da série branca, observou-se que o EB alterou o
namero de neutrdfilos e linfocitos em relacdo ao grupo controle. A diminui¢do do nimero de
linfdcitos sugere efeito imunodepressor do extrato, mas por outro lado, o0 aumento no numero
de neutrofilos, pode sugerir atividade imunoestumulante. Parente et al. (2009) obteve
resultados semelhantes quando analisou a toxicidade das flores de caléndula (Calendula
officinalis). Os autores sugeriram que, como as alteracbes em relacdo ao numero de
neutrofilos e linfdcitos encontram-se dentro dos valores hematoldgicos normais para a espécie
animal (ratos Wistar machos) (BIRCHARD e SHERSING, 2002), as modificacOes
encontradas podem ser consideradas irrelevantes nesse caso. A mesma interpretagdo seria
valida para os resultados encontrados neste trabalho.

Analisando os parametros bioquimicos, os grupos tratados apresentaram diferenca
significativa em relacdo a uréia e a enzima ALAT. Apesar da concentracdo de ureia sanguinea

ter apresentado um aumento, 0s niveis de creatinina ndo modificaram significantemente entre
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0s grupos. Desta forma, ndo podemos indicar que houve algum dano renal apenas com estes
dados, pois a importancia da dosagem da uréia sérica para a clinica é a sua relacdo com a
creatinina. Ja os niveis de ALAT apresentaram diminuicdo em relacdo ao grupo controle,
demonstrando um possivel efeito protetor do extrato da planta na dose utilizada neste estudo,
assim como descrito por Atsamo e colaboradores (2011).

O guia OECD 423 nédo permite calcular a dose letal média (LDso) precisamente, mas
por outro lado, utiliza poucos animais de cada sexo, ja que testes de LDsg, geralmente,
utilizam um grande ndmero de animais (VALADARES, 2006). Assim, dependendo da
mortalidade e/ou morbidade dos animais, em média 2-4 repeti¢cOes, podemos avaliar a
toxicidade aguda da substancia ou extrato em teste.. A auséncia de sinais de morbidade e
mortalidade ap6s a administracdo aguda do extrato de C. iguanaea é uma possivel indicacao
da seguranca relativa da adinistracdo da planta a curto prazo (BAFOR e IGBINUWEN, 2009;
SILVA et al., 2014).

No ensaio de toxicidade subaguda, 20 ratos da raga Wistar foram divididos em quatro
grupos: controle, e os grupos de animais que receberam por via intragastrica as doses de 100,
200 e 400 mg de EB das folhas por kg de peso corporal. Todos receberam uma Unica dose
diéria de &gua ou extrato nas diferentes concentragdes, durante 28 dias. No nosso estudo, a
administracdo subaguda do extrato da planta ndo causou mortalidade /ou morbidade, nem
alterou o ganho de peso e consumo de comida no periodo estudado.

Em relacdo as defesas antioxidantes, houve um aumento significativo na atividade da
enzima 6-ALA-D hepética no grupo tratado com 400 mg/kg de extrato e, também, um
aumento na produgdo de TBARS no grupo tratado com 100 mg/kg. Como a inibigdo da o-
ALA-D esté ligada a consequéncias patologicas, uma vez que prejudica a biossintese do heme
(SASSA e KAPPAS, 1983), o aumento da atividade deste enzima pode indicar um possivel
efeito protetor do extrato na maior dose utilizada.

Quando analisados os parametros hematolégicos, observou-se que ndo houve
diferenca significativa entre os grupos testes e o grupo controle, seja na série vermelha,
concentracdo de plaquetas e perfil leucocitario de ratos Wistar submetidos ao tratamento
subagudo com C. iguanaea.

Dentre os parametros bioquimicos analisados, houve diferenca significativa na
dosagem do colesterol entre os grupos controle e 400 mg/kg e glicemia entre 0s grupos
controle e 200 e 400 mg/kg. Diallo e colaboradores (2014) também verificaram um aumento
da glicose sanguinea na avaliacdo da toxicidade de Ageratum conyzoides em ratos Wistar. Os

autores sugeriram que tal fato pode ocorrer devido a destruicdo do pancreas ou a uma falha no
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armazenamento da glicose. Outros autores sugerem que a hiperglicemia ocasiona um aumento
na quantidade de EROS presentes nas céelulas betas pancreaticas, levando a disfuncéo celular
e uma menor expressdo de enzimas antioxidantes (EL-ALFY, 2005). Porém mais estudos
seriam necessarios para verificar possiveis mecanismos de acdo deste efeito hiperglicémico do
extrato da planta, assim como o efeito hipercolesterolémico.

A ASAT ¢é considerada um sensivel indicador de dano hepatocelular e dentro dos
limites pode fornecer uma avaliacdo quantitativa do grau de danos sofridos pelos hepatdcitos
(AL-HABORI et al., 2012). O presente estudo sugere que o0 uso do extrato da planta pode néo
ser hepatotoxico, uma vez que foi observada uma diminuicédo significativa na ASAT na dose
de 400 mg/kg, sugerindo que o composto pode induzir um efeito hepatoprotetor (COSTA et
al., 2012). Este resultado corrobora com o aumento significativo encontrado na atividade da
enzima 6-ALA-D hepética no grupo tratado com 400 mg/kg, assim como com a analise
histologica do figado, que demonstrou um aumento no metabolismo hepatico, através de um
aumento na area média dos hepatdcitos, sugerindo, mais uma vez, o efeito hepatoprotetor do
extrato.

Os dois ensaios realizados neste trabalho indicam que de maneira geral, 0 extrato bruto
das folhas de C. iguanaea € seguro. Através do estudo de toxicidade aguda, o extrato foi
classificado na categoria 5 (2000 - 5000 mg/kg). Quando administrado por 28 dias, 0 extrato
causou aumento da glicose sanguinea, sugerindo um possivel efeito toxico no pancreas. Por
outro lado, a diminuigdo da ASAT hepaética, assim como o aumento da 3-ALA-D hepatica e
os resultados da histologia, puderam, em conjunto, indicar um provavel efeito hepatoprotetor

do extrato da planta.
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6 CONCLUSOES

¢ A analise fitoquimica preliminar do extrato bruto das raizes de Celtis iguanaea indicou a
presenga de antocianinas, grupo amino, flavonoides, leucoantocianidinas, flavonas,
triterpenoides, esteroides, compostos fendlicos, cumarinas e &cidos organicos;

e Na andlise das principais classes de metabolitos secundarios presentes nas raizes,
verificou-se que a fracdo AcOEt possui as maiores quantidades de polifenois, flavonoides e
alcaloides, enquanto que a fracdo BU apresentou 0s maiores valores de taninos;

e A andlise por CLAE revelou a presenca de Acido gélico nas raizes da planta, encontrado
em maior quantidade na fracdo AcOEt; enquanto que no extrato bruto das folhas foram
detectados e quantificados os compostos Acido galico, Acido clorogénico, Acido elagico,
Rutina e Quercetina, sendo o Acido elagico encontrado em maior concentragéo.

e Na avaliacdo da capacidade antioxidante pelo método de DPPH e da inibicdo da
peroxidacdo lipidica pelo TBARS, a fracdo AcOEt se destacou com o menor [Csy,
demonstrando a melhor capacidade antioxidante; também apresentou menor ECsg pelo teste
de poder de reducdo, mas sem diferenca significativa em relacdo aos outros extratos;

e Através do ensaio da DCFH-DA, as fracdes AcOEt e CH2Cl, foram capazes de remover
radicais livres de modo significativo, corroborando com os bons resultados encontrados para a
fracdo AcOEt nos outros testes atioxidantes;

e Todos os extratos, menos a fragdo CH2Cl,, foram capazes de reverter completamente o
dano oxidativo através do ensaio da proteina carbonil;

e Na avaliacdo da atividade antimicrobiana, apenas o fungo Sacharomyces cerevisiae foi
suscetivel aos extratos (AcOEt e CH,Cly);

e No estudo da toxicidade aguda das folhas de C. iguanaea ndo houve mortalidade ou
morbidade, nem mudancas na ingestdo de comida, agua ou peso corporal, deste modo, apesar
de terem sido verificadas algumas alteragdes hematoldgicas e bioquimicas, o extrato foi
classificado na categoria 5 (LDso entre 2000-5000 mg/kg), de acordo com o Guia OECD 423;
e Na avaliacdo da toxicidade subaguda, verificou-se um aumento na glicemia dos animais
em estudo, o que pode indicar uma possivel toxicidade pancreética; por outro lado, alteraces
enzimaticas e a analise histolégica indicaram um possivel efeito hepatoprotetor na maior dose

de extrato utilizada.
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