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RESUMO

COMPOSICAO FITOQUIMICA, AVALIACAO DO PERFIL TOXICOLOGICO E
ATIVIDADE PROTETORA FRENTE A INTOXICACAO POR MERCURIO DAS
FOLHAS DE Dolichandra unguis-cati L.

AUTORA: Juliana Calil Brondani
ORIENTADORA: Melania Palermo Manfron
COORIENTADORA: Liliane de Freitas Bauermann

Dolichandra unguis-cati L., popularmente conhecida como unha de gato, € uma planta nativa
da flora brasileira, pertencente a familia Bignoniaceae e muito utilizada para fins terapéuticos
e ornamentais. Dentre as principais aplicagbes na medicina popular, destacam-se as
atividades anti-inflamatéria, anti-tumoral, anti-malérica e febrifuga. No entanto, estudos a
respeito das propriedades biolégicas e da seguranca na utilizag&o desta espécie vegetal ainda
sdo escassos na literatura. Assim, o objetivo deste trabalho foi investigar a composicao
fitoquimica, o perfil toxicologico e a atividade protetora do extrato hidroetandlico das folhas de
Dolichandra unguis-cati (CELD) frente a intoxicagdo mercurial de ratos Wistar. A composicéo
fitoquimica foi estabelecida por métodos espectrofotométricos e UHPLC/MS. A analise
toxicolégica compreendeu inicialmente os estudos in vitro de citotoxicidade (viabilidade
celular), genotoxicidade (DNA cometa) e mutagenicidade (micronucleos). Em seguida, as
toxicidades ex vivo, aguda (OECD 423) e subaguda (OECD 407), complementadas pelo teste
de letalidade in vitro por Artemia salina. A agéo protetora do extrato, frente a intoxicacao de
ratos por cloreto de mercurio (HgCly), foi analisada através de parametros bioquimicos,
hematolégicos e pela determinagado da capacidade antioxidante de CELD, por DPPH e (-
caroteno. Como resultado, foram identificados e quantificados 12 constituintes quimicos do
extrato, os quais podem estar relacionados com a potencial atividade antioxidante verificada
nos testes por DPPH (ICso 29.18 ug/mL) e B-caroteno (39% de inibicdo da oxidagédo). Nas
concentracdes de 10 e 100 pg/mL, CELD foi capaz de diminuir a viabilidade celular de
leucécitos humanos, de maneira dose-dependente, sugerindo uma possivel agédo anti-
tumoral. Além disso, nenhuma das concentracdes testadas (1, 10 e 100 pg/mL) resultou em
genotoxicidade e mutagenicidade. No estudo de toxicidade aguda, observamos que o
tratamento com CELD 2000 mg/kg ndo causou mortalidade nem mudancas no peso corporal
e no comportamento dos ratos, classificando a espécie na categoria 5 da OECD 423, com
DLsp estimada entre 2000-5000 mg/kg, dados complementados pela DLso de 3539.54 ug/mL
obtida no teste com Artemia salina. A administragdo subaguda de CELD, nas doses de 100,
200 e 400 mg/kg por 28 dias, também ndo ocasionou morte de animais, alteracdes
comportamentais e no peso corporal. Em ambos os estudos ex vivo foi observada a redugéo
nas dosagens de AST e ALT, indicando um possivel efeito hepatoprotetor. O tratamento
subagudo mostrou-se ainda eficiente na reducdo do colesterol total em todas as
concentracdes testadas, sugerindo uma potencial aplicabilidade de CELD no tratamento de
dislipidemias. Por fim, CELD 400 mg/kg atenuou os efeitos toxicos resultantes da intoxicacdo
por HgCl,, através da restauracao do balanco oxidativo, diminuicdo nas dosagens de AST,
ALT, BUN e CRE, aumento nos niveis de WBC e reversdo da inversao entre linfécitos e
neutrofilos. Desta maneira, CELD demonstrou apresentar baixa toxicidade e potenciais
atividades biologicas que corroboram para o seu uso como planta medicinal.

Palavras-chave: Unha de gato. Acido clorogénico. Toxicidade. Intoxicacdo mercurial.



ABSTRACT

PHYTOCHEMICAL COMPOSITION, EVALUATION OF THE TOXICOLOGICAL
PROFILE AND PROTECTIVE ACTIVITY AGAINST MERCURY INTOXICATION OF
Dolichandra unguis-cati L. LEAVES

AUTHOR: Juliana Calil Brondani
ADVISOR: Melania Palermo Manfron
CO-ADVISOR: Liliane de Freitas Bauermann

Dolichandra unguis-cati L., popularly known as unha de gato, is a native plant of Brazilian flora,
belonging to the Bignoniaceae family and widely used for therapeutic and ornamental
purposes. It has been traditionally used in popular medicine mainly due to its anti-inflammatory,
anti-tumor, anti-malarial and febrifuge activities. However, studies on the biological properties
and safety in the use of this plant species are still lacking in the literature. Thus, the objective
of this work was to investigate the phytochemical composition, toxicological profile and
protective activity of the hydroethanolic extract of Dolichandra unguis-cati leaves (CELD)
against the mercurial intoxication of Wistar rats. The phytochemical composition was
established by spectrophotometric methods and UHPLC/MS. The toxicological analysis initially
comprised in vitro studies of cytotoxicity (cell viability), genotoxicity (DNA comet) and
mutagenicity (micronuclei). Followed by the ex vivo toxicities, acute (OECD 423) and subacute
(OECD 407), complemented by the in vitro lethality test using Artemia salina. The protective
action of the extract, against mercury chloride intoxication (HgCl,) of rats, was assessed
through biochemical and hematological parameters and by the determination of the antioxidant
capacity of CELD, by DPPH and B-carotene. As a result, 12 chemical constituents of the extract
were identified and quantified, which may be related to the potential antioxidant activity verified
by DPPH (ICso 29.18 ug/mL) and B-carotene (39% inhibition of oxidation) tests. In the
concentrations of 10 and 100 pg/mL, CELD was able to decrease the cellular viability of human
leukocytes in a dose-dependent manner, suggesting a possible anti-tumor action. In addition,
none of the concentrations tested (1, 10 and 100 pg/mL) resulted in genotoxicity and
mutagenicity. In the acute toxicity study, we observed that the treatment with CELD 2000
mg/kg did not cause mortality or changes in body weight and behavior of rats, classifying the
species as category 5 of OECD 423, with a LDsy estimated between 2000-5000 mg/kg,
complemented by the LDsy of 3539.54 ug/mL obtained in the test with Artemia salina. The
subacute administration of CELD, at doses of 100, 200 and 400 mg/kg for 28 days, also did
not present death of animals, changes in behavior and body weight. In both ex vivo studies, a
reduction in AST and ALT dosages was observed, indicating a possible hepatoprotective
effect. The subacute treatment was also effective in reducing total cholesterol in all
concentrations tested, suggesting a potential applicability of CELD in the dyslipidemia
treatment. Ultimaly, CELD 400 mg/kg attenuated the toxic effects resulting from HgCl,
intoxication through restoration of the oxidative balance, decrease in AST, ALT, BUN and CRE
dosages, increase in WBC levels and reversal of the inversion between lymphocytes and
neutrophils. In this way, CELD demonstrated to present low toxicity and potential biological
activities that justify its uses as a medicinal plant.

Keywords: Unha de gato. Chlorogenic acid. Toxicity. Mercuric intoxication.
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1 INTRODUCAO

1.1 O USO DE PLANTAS MEDICINAIS

A utilizacdo de plantas medicinais na terapéutica constitui uma pratica milenar,
culturalmente baseada na sabedoria popular e difundida através das geracdes. Desde
os tempos primordios, 0 homem interage com o ambiente que o cerca, observando e
explorando suas potencialidades de modo a obter o conhecimento necessario para
suprir suas necessidades de sobrevivéncia. Dentre as diversas aplicacbes dos
recursos vegetais que contribuiram para melhorar a qualidade de vida da sociedade,
destacam-se 0s usos como alimento, matéria-prima para a fabricacdo de roupas,
ferramentas e construcéo de moradias, além da difundida utiliza¢éo no tratamento de
diferentes enfermidades (ALVIM et al., 2006; SIVIERO et al., 2012).

Na antiguidade, as plantas medicinais eram 0s principais recursos terapéuticos
disponiveis as civilizacdes para tratar seus males e, a escassez de tecnologia e
conhecimento cientifico tornavam esta préatica genuinamente empirica. A descoberta
humana das propriedades bioldgicas dos vegetais foi moldada através da verificacao
dos efeitos, ora benéficos ora téxicos, que a ingestdo das plantas causava ao
organismo. Neste contexto, a primeira referéncia escrita sobre o uso de plantas como
remédios data de 2800 a.C., na obra chinesa Pen Ts'ao (“A Grande Fitoterapia”), de
Shen Nung. O Papiro Ebers (1500 a.C.) representa outro documento historico
importante, no qual estdo mencionados tratamentos a base de extratos vegetais que
até os dias atuais sdo recomendados por fitoterapeutas. Na Grécia antiga, os valores
terapéuticos e toxicos conhecidos das plantas foram reunidos por Hipdcrates (460-
377 a.C.) na obra “Corpus Hipocratium”, a qual foi ainda complementada com a
indicacdo do remédio vegetal adequado para o tratamento de diferentes enfermidades
(ELDIN; DULFORD, 2001; TOMAZZONI; NEGRELLE; CENTA, 2006).

Considerado o pai da boténica e da farmacognosia, Theophrastus (300 a.C.)
descreveu as qualidades e peculiaridades de espécies vegetais na obra "Histéria das
Plantas", além de reunir dados sobre formulacdes a base de plantas no seu "Tratado
dos Odores". No inicio da Era Cristd, na obra "De matéria médica” do grego
Dioscorides, foram catalogados aproximadamente 600 diferentes tipos de plantas
tradicionalmente usadas com fins medicinais pela populagéo, sendo esta a principal

referéncia médica ocidental até o Renascimento. Galenus escreveu cerca de 83 livros
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apresentando drogas de origem vegetal, combinadas com diversas outras
formulagbes e métodos de manipulagéo. Outra figura importante na arte de curar foi 0
alquimista Paracelsus, que lancou as bases da medicina natural, sendo assim um dos
principais responsaveis pelo avanco da terapéutica (DEVIENNE; RADDI; POZETTI,
2004).

A partir do século XVI, a utilizagdo de plantas medicinais entrou em um periodo
de declinio, consequéncia da revolugcédo intelectual e industrial. Nessa época, as
importantes conquistas nos campos da ciéncia e filosofia, associadas aos avancos na
urbanizagdo e tecnologia, marcaram o surgimento das industrias farmacéuticas e o
desenvolvimento de medicamentos alopéticos. Aos poucos, a sociedade foi sendo
"medicalizada” e inserida na nova ordem cultural fundada em moldes capitalistas, no
qual préticas populares foram gradativamente sendo desacreditadas e marginalizadas
por ndo terem suas acgoes cientificamente comprovadas (TUROLLA; NASCIMENTO,
2006).

ApOs a década de 60, as industrias farmacéuticas, cada vez mais consolidadas,
passaram a se desinteressar pela busca de novas substancias de origem vegetal por
acreditarem que ja haviam sido identificados e isolados 0s principais compostos ativos
provenientes da flora. Além disso, a populacéo, sentindo-se atraida pelo apelo de que
0os medicamentos sintéticos teriam uma cura mais efetiva e rapida, também passou a
preterir o uso dos recursos naturais em prol dos farmacos sintéticos (RATES, 2001,
TUROLLA; NASCIMENTO, 2006).

Contudo, nos ultimos anos, esse panorama passou a ser modificado e as
plantas medicinais readquiriram sua importancia na terapéutica. Dentre os fatores que
contribuiram para reativar esse interesse, destacam-se o baixo custo de fitoterapicos
guando comparados aos medicamentos alopaticos, a dificuldade de acesso da
populacdo aos sistemas de saude publica e os efeitos adversos causados por alguns
farmacos sintéticos (BADKE et al., 2012; LIMA et al., 2014; LOURES et al., 2010).
Cabe ainda salientar que, segundo a OMS, 80% da populacdo dos paises em
desenvolvimento depende diretamente de plantas medicinais para seu tratamento
(WHO, 2011).

Além disso, a existéncia de doencas ainda sem cura conhecida, juntamente
com 0s avancgos tecnoldgicos e o desenvolvimento de novas técnicas de isolamento
de substancias ativas, permitiram que o0s grandes laboratérios farmacéuticos

identificassem mais rapidamente compostos ativos a partir de misturas complexas,
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como 0s extratos vegetais. Ressurgindo, assim, também o interesse cientifico pelo
uso de plantas medicinais, como alternativa para complementar as praticas de saude
vigentes (majoritariamente baseadas em medicamentos alopaticos) e como fonte de
novos principios ativos ainda desconhecidos (TUROLLA; NASCIMENTO, 2006).
Nesse sentido, é importante salientar a diferenca entre planta medicinal e
fitoterapico. De acordo com a Organizacdo Mundial de Saude (OMS), planta medicinal
€ todo e qualquer vegetal, cultivado ou ndo, que possui, em um ou mais 0rgaos,
substancias que podem ser utilizadas com fins terapéuticos ou que sejam precursores
de farmacos semi-sintéticos. Jé fitoterapico, segundo a Agéncia Nacional de Vigilancia
Sanitaria, é todo medicamento tecnicamente obtido e elaborado, empregando-se
exclusivamente matérias-primas vegetais com finalidade profilatica, curativa ou para
fins de diagndstico. Na preparacao de um fitoterapico podem ser utilizados adjuvantes
farmacéuticos permitidos na legislacdo vigente, porém ndo podem estar incluidas
substancias ativas isoladas, de qualquer origem, nem as associa¢fes destas com

extratos vegetais (BRASIL, 2004; WHO, 1998).

1.1.1 Plantas medicinais no Brasil

No Brasil, a base do conhecimento a respeito do uso de plantas medicinais
originou-se na fusdo das culturas indigena, européia e africana. A contribuicédo
indigena se deu através dos indios que habitavam o pais, os quais liderados por seus
pajés, utilizavam um grande numero de plantas no tratamento de seus males,
aprimorando e repassando o conhecimento sobre o uso das ervas nativas através dos
anos, para as futuras geracdes. Os colonizadores, marinheiros e mercadores
europeus complementaram essa base cultural acrescentando 0s recursos naturais
qgue, na Europa, ja eram empregados na terapéutica. O periodo da escraviddo também
contribuiu para o fortalecimento da fitoterapia, na medida em que 0s escravos
africanos que aqui chegavam traziam consigo novas plantas e as introduziam na
cultura popular brasileira (ALMEIDA, 2011).

A partir desse processo historico, a pratica da fitoterapia foi se consolidando ao
longo dos anos e sendo, atualmente, fomentada por politicas publicas. Nesse
contexto, destacam-se a Politica Nacional de Praticas Integrativas e Complementares
(PNPIC) e a Politica Nacional de Plantas Medicinais e Fitoterapicos (PNPMF), as

quais foram consideradas como parte integrante dos sistemas de saude (BRASIL,
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2006a; BRASIL, 2006b). Em 2009, as espécies vegetais de interesse do Sistema
Unico de Saude (SUS) e que tem seu uso financiado pelo Governo Federal foram
organizadas em um banco de dados (RENISUS) para estimular a pesquisa e a
ampliacdo do conhecimento a respeito de suas propriedades terapéuticas e toxicas
(BRASIL, 2009).

Em 20 de abril de 2010, a portaria GM/MS, numero 886, instituiu, no &mbito do
SUS, a Farmacia Viva como a responsavel por realizar todas as etapas da utilizacéao
de plantas medicinais e fitoterapicos, desde o cultivo, a coleta, o processamento e 0
armazenamento das espécies vegetais, até a sua manipulacdo e dispensacdo na
forma de preparag¢des magistrais e oficinais (BRASIL, 2010). Mais ainda, o Caderno
de Atencéo Basica numero 31 do Ministério da Saude, intitulado "Praticas Integrativas
e Complementares: plantas medicinais e fitoterapia na atencdo basica" foi
desenvolvido para estimular e fortalecer a fitoterapia com énfase na atencao
basica/salde da familia (BRASIL, 2012). Em decorréncia dos achados cientificos
obtidos nos ultimos anos envolvendo compostos naturais e do incentivo federal para
a pesquisa dos mesmos, muitos estudos estdo sendo desenvolvidos objetivando uma

melhor caracterizacao destes compostos, como potenciais futuros farmacos.

1.1.2 Metabolismo secundario dos vegetais

Por apresentarem forma séssil, ou seja, ndo possuirem capacidade de
locomocédo, as plantas sdo impedidas de se deslocarem quando submetidas a
situacdes ambientais menos favoraveis ou estressantes, como a exposicdo a radiacao
solar e o ataque de insetos e herbivoros. Devido a isto, ao longo da sua historia
evolutiva, os vegetais desenvolveram outras estratégias de defesa que os
favorecessem a sobrevivéncia das espécies no ecossistema. Uma das formas
encontradas por estes organismos, para lidarem com as situacdes adversas a que
estdo expostos, foi a producdo de compostos denominados metabdlitos secundarios
(SIMOES et al., 2010).

Os produtos do metabolismo secundario de plantas sédo substancias produzidas
em pequenas quantidades e que, embora nao estejam relacionadas a fungdes vitais
dos vegetais, apresentam importantes propriedades que garantem vantagens aos
mesmos, como atragao de polinizadores e animais dispersores de sementes, protecao

contra raios solares, defesa contra o ataque de patégenos e beneficios em
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competicdes com outros vegetais. Por apresentarem diferentes rotas bioquimicas e
metabdlicas de sintese, a produc¢éo destas substancias varia de acordo com a espécie
vegetal, podendo, inclusive, ser utilizada como ferramenta na classificacdo
taxondmica das plantas (SIMOES et al., 2010; WAKSMUNDZKA-HAJNOS; SHERMA;
KOWALSKA, 2008).

Os compostos fendlicos representam uma das maiores classes de metabdlitos
secundarios produzidas pelas plantas, constituindo um diversificado grupo de
derivados de fenilalanina e tirosina. Nos vegetais, podem ser encontrados na forma
livre ou complexados a acucares (glicosideos), proteinas e outros substratos,
englobando desde moléculas simples até aquelas com alto grau de polimerizagéo.
Quimicamente, caracterizam-se pela presenca de pelo menos um anel aromatico, no
gual ao menos um hidrogénio é substituido por grupamento hidroxila (LEE et al., 2005;
ROBBINS, 2003). Flavonéides e acidos fendlicos estao entre os principais grupos de
compostos fendélicos encontrados nas plantas, 0s quais tém reconhecida propriedade
antioxidante e abrangente atuacao a nivel fisioldgico, fatos que reiteram a importancia

destes compostos na terapéutica.

1.1.3 A espécie Dolichandra unguis-cati L.

Dentre as diversas espécies vegetais selecionadas para a realizacdo de
estudos farmacoldgicos e toxicoldgicos, encontra-se Dolichandra unguis-cati.
Popularmente conhecida como "unha de gato”, "cip6 de gato" e "cip6 de morcego",
esta espécie pertence a familia Bignoniaceae e é considerada nativa da flora
brasileira. Nao endémica, pode também ser encontrada em varios paises da América
Latina, além do Egito e da india Ocidental. Trata-se de uma trepadeira florifera e
ornamental muito cultivada no sul do Brasil sobre cercas e pérgolas. E perene,
caducifélia e vigorosa, com base lenhosa e ramos terminais pendentes, dotados de
ganchos aderentes utilizados pela planta para se fixar em arvores e obstaculos. As
raizes se caracterizam pela presenca de tubérculos ou batatas destinadas ao
armazenamento de alimentos (BOYNE et al., 2013; LORENZI; MATOS, 2008).

Como exemplificado na Figura 1, suas folhas s&o simples ou compostas,
bifoliadas ou trifoliadas, subcoriaceas, quase glabras, opostas e podem apresentar

variacdo morfoldgica ligada a diferencas genotipicas e plasticidade adaptativa de
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acordo com os diferentes ambientes que habita. Apresenta flores tubulosas de cor
amarelo-ouro, formadas no final do inverno, antes do surgimento da nova folhagem.
Os frutos sao capsulas deiscentes, alongadas e finas, contendo numerosas sementes
aladas, as quais se dispersam com facilidade pelo vento. E importante ressaltar ainda
que esta espécie apresenta uma lista de, aproximadamente, 40 sinonimias botanicas,
das quais Macfadyena unguis-cati € a mais relevante (BOYNE et al., 2013; LORENZI;
MATOS, 2008).

Figura 1 - Aspectos gerais de Dolichandra unguis-cati L. (unha de gato).

Fonte: <https://commons.wikimedia.org/wiki/File:Starr_060526-8114 Macfadyena_unguis-cati.jpg>.
Acesso em 18/11/2016.

Largamente utilizada com propdésitos ornamentais, Dolichandra unguis-cati
também € reconhecida na medicina tradicional brasileira e internacional por seus
efeitos benéficos na saude humana. Suas propriedades biolégicas podem ser
atribuidas aos constituintes quimicos até entao identificados na espécie, como por
exemplo: acido clorogénico, acido isoclorogénico, acido quindvico, lupeol, B-sitosterol,
B-sitosterilglicosideo, alantoina, lapachol, quercitrina e vicenina 2. Com base na
tradicdo de origem indigena, suas folhas e turbérculos sdo empregados na medicina
caseira em diversas regides do Brasil contra picada de cobras, malaria, diarréia, febre,
reumatismo, inflamacéo intestinal, tumores e para induzir a diurese (ABOUTABL et

al., 2008; DUARTE et al., 2000; MORS et al., 2000).
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Segundo Gomes e colaboradores (2010), a acdo como antidoto contra picada
de cobras peconhentas pode ser explicada pela presenca de &cido quinévico na
composicao quimica dessa planta, uma vez que este composto tem a capacidade de
inibir a fosfodiesterase | presente nos venenos. A atividade anti-tumoral pode ser
relacionada com a presenca de lapachol, o qual apresenta agéo inibitoria sobre a
oxidacdo e a fosforilagdo mitocondrial envolvidas no processo de carcinogénese
(DUARTE et al., 2000). A tribo Wayapi, das Guianas, utiliza a planta inteira em cha,
por decoccédo, como febrifuga em aplicacdes externas na forma de banho. Ja os indios
da tribo Palikur, também das Guianas, empregam tanto a planta inteira, como as folhas
e raizes associadas a casca do ipé, também na forma de decocc¢ao adogcada com mel
para tratamento da tosse (LORENZI; MATOS, 2008).

1.2 ASPECTOS TOXICOLOGICOS DE PLANTAS MEDICINAIS

Apesar do crescente interesse popular em terapias naturais observado nos
altimos anos, muitas plantas medicinais ainda n&o foram avaliadas através de estudos
pré-clinicos e clinicos, a fim de comprovar sua eficacia e segurancga. O surgimento do
conceito "natural” fez com que matérias-primas de origem vegetal fossem vistas como
produtos saudaveis, sem risco algum a saude. Conceito equivocado, ja que muitas
plantas contém substancias capazes de exercer efeitos toxicos sobre 0 organismo
(AGRA; FREITAS; BARBOSA-FILHO, 2007). Nesse sentido, podemos citar o Confrei
(Symphytum officinalis), vegetal popularmente utilizado no tratamento da artrite, mas
gue pode causar hepatite, elevacdo da bilirrubina e das enzimas AST e ALT. Outro
exemplo é a Kava (Piper methysticum), usada na medicina popular como relaxante e
no combate a infeccdes do trato urogenital, mas que, no entanto, pode ser toxica
causando faléncia renal, fotossensibilidade, alergias e sedacdo (SILVEIRA;
BANDEIRA; ARRAIS, 2008).

E inegavel que o uso popular de plantas medicinais ndo € suficiente para
valida-las como medicamentos eficazes e seguros. Uma vez que as plantas nao se
diferenciam de qualquer outro xenobidtico sintético, a preconiza¢do ou a autorizagdo
oficial do seu uso na terapéutica deve ser fundamentada em evidéncias experimentais
comprobatoérias de que o risco a que se expdem aqueles que a utilizam é menor do
que os possiveis beneficios (CARNEIRO et al., 2014). Dependendo da forma de
utilizacao, via de administracéo, parte vegetal utilizada, modo de preparo e tempo de
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tratamento, uma determinada planta pode apresentar tanto agéo terapéutica quanto
toxica (SILVEIRA; BANDEIRA; ARRAIS, 2008).

Além de um possivel efeito toxico direto, as plantas podem apresentar acées
indesejaveis indiretas ao interagir com outros medicamentos. A associacdo com
plantas pode aumentar, diminuir ou anular o efeito de medicamentos alopéaticos em
diferentes intensidades. Os mecanismos para a maioria das interagfes planta-
medicamento ndo sdo totalmente conhecidos, no entanto, diversos casos clinicos
documentam os riscos dessa associacdo, como por exemplo o Ginkgo biloba
reduzindo as concentracdes plasmaticas de omeprazol e ritonavir, e o Hypericum
perforatum que diminui a concentracdo sanguinea da digoxina (CHEN et al., 2011,
IZZO; ERNST, 2009).

No Brasil, 0 consumo de plantas medicinais € feito com pouca ou nenhuma
comprovacdo de suas propriedades farmacoldgicas, as quais sdo propagadas por
usuarios ou comerciantes, sendo que, frequentemente, as plantas sdo empregadas
para fins medicinais diferentes daqueles utilizados pelos silvicolas. Apesar da pouca
atencdo dada ao assunto, a toxicidade de plantas medicinais € um problema sério de
saude publica e, por esta razdo, os estudos a respeito dos seus riscos toxicoldgicos
sao de fundamental importancia. Todavia, as pesquisas realizadas para avaliacao do
uso seguro de plantas medicinais e fitoterapicos no Brasil ainda séo incipientes, bem
como é o controle da comercializacao pelos 6rgaos oficiais em feiras livres, mercados
publicos e lojas de produtos naturais (VEIGA JUNIOR; PINTO; MACIEL, 2005).

Sabe-se que a utilizacdo de compostos vegetais na terapéutica requer,
necessariamente, estudos prévios relativos a aspectos botanicos, agronémicos,
quimicos, farmacolégicos, toxicolégicos e de desenvolvimento de metodologias
analiticas e tecnoldgicas (BRASIL, 2004). E extremamente importante identificar os
efeitos adversos, quantificar os riscos e padronizar termos, de maneira a permitir o
uso seguro e eficaz de plantas medicinais. Dessa forma, estudos toxicolégicos in vitro
e ex vivo sao de fundamental importancia, pois, permitem inferir os possiveis efeitos

nocivos de substancias em organismos vivos. (OGA, 2008).

1.2.1 Citotoxicidade, genotoxicidade e mutagenicidade

Os ensaios in vitro sdo importantes ferramentas na analise inicial dos efeitos

deletérios de xenobibticos. Estes testes caracterizam-se por serem confidveis e
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fornecerem resultados répidos em nivel de células individuais, utilizando amostras
celulares extremamente pequenas.

Nesse ambito, a citotoxicidade de extratos vegetais em cultivo celular indica a
capacidade intrinseca que, determinados compostos, tem de ocasionar a morte
celular em consequéncia aos danos gerados a importantes propriedades celulares,
como a perda da fungdo mitocondrial, mudancas na morfologia fisiol6gica e alteracdes
na replicacdo das células. Sabe-se ainda que substancias ativas que apresentam
propriedades citotoxicas podem ser avaliadas quanto a sua potencial atividade
antitumoral, inseticida e larvicida. Nesse tipo de estudo, diferentes parametros sao
analisados visando a identificacdo dos danos celulares, sendo que, geralmente, o
critério mais utilizado € o da viabilidade celular (WEYERMANN; LOCHMANN;
ZIMMER, 2005).

No que tange aos danos no material genético, tanto genotoxicidade quanto
mutagenicidade s&o ensaios capazes de identificar leses no DNA ou RNA causadas,
por exemplo, por constituintes de extratos vegetais. Estes testes baseiam-se na
afinidade quimica e fisica que determinados compostos tém com os acidos nucleicos,
identificando, assim, substancias com potencial risco toxicolégico. Um agente
genotdxico é definido como aquele capaz de interagir com o material genético
formando adutos, alteracGes oxidativas e quebras na molécula de DNA/RNA.
Geralmente, o préprio organismo dispde de meios para reparar estes danos ou, até
mesmo, eliminar as células alteradas (FONSECA; PEREIRA, 2004).

No entanto, caso estas lesGes se tornem permanentes, ou seja,
hereditariamente transmitidas as células filhas durante o processo de replicacédo, o
agente agressor passa a ser denominado mutagénico. Pequenos corpos,
denominados micronucleos, contendo DNA e localizados no citoplasma das células
sdo uma das principais alteracbes mutagénicas passiveis de identificacdo. Estes
corpos, que podem aparecer mais de uma vez na mesma célula, se originam a partir
de fragmentos cromossémicos acéntricos, resultantes de quebras isocromatidicas,
cromatidicas ou de disfuncdes do fuso mitético, e sdo observados por microscopia
oOtica (OBE et al., 2002).
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1.2.2 Toxicidades aguda e subaguda

Sabe-se que diversos fatores podem influenciar os efeitos toxicos de uma
substancia, tais como idade, género, peso corpOreo, estados nutricionais e
patolégicos. Estas sdo algumas das razdes que tornam importante a realizacdo de
ensaios ex vivo de maneira a complementar e ratificar os dados obtidos por estudos
in vitro.

Com relacdo aos ensaios ex vivo, a toxicidade aguda é caracterizada pelos
efeitos adversos ocorridos apds a administracdo de um xenobiodtico em dose Unica ou
multiplas, dentro de um curto intervalo de tempo (24 horas). Trata-se de um estudo
gue tem por objetivo principal avaliar a taxa de mortalidade dos animais, sendo que,
normalmente, é possivel a determinacdo da dose letal (LDso). Este parametro, que
representa a probabilidade estatistica de uma dose causar efeito letal em 50% dos
animais de uma populacdo, é uma importante ferramenta para a determinacdo da
toxicidade relativa das substancias. Além da letalidade, os resultados obtidos a partir
dos estudos de toxicidade aguda auxiliam na identificacdo de 6rgéos alvo e fornecem
informacdes para a escolha de doses a serem usadas em estudos mais prolongados,
como a toxicidade subaguda (GUPTA, 2016). Este ensaio pode ainda ser
complementado com o teste de toxicidade aguda in vitro por Artemia salina, o qual
também analisa a letalidade de substancias.

J4 a toxicidade subaguda refere-se aos efeitos nocivos e cumulativos
resultantes de exposicdes repetidas a um xenobidtico, durante um periodo de 28 dias.
Nesse tipo de estudo séo utilizadas, pelo menos, trés doses experimentais (minima,
intermediaria e maxima), sendo que a dose maxima néo deve produzir um indice de
letalidade acima de 10%. Determinar a maior dose na qual ndo se observam efeitos
adversos, estudar mais efetivamente a susceptibilidade de 6érgdos alvo e prover
informacgdes sobre dosagens para estudos de toxicidade crénica compreendem o0s
principais objetivos deste tipo de estudo (OGA, 2008).

Atualmente, existem protocolos alternativos nos quais o niumero de animais
utilizados nos experimentos é reduzido quando comparados aqueles métodos
tradicionais. Entre eles, encontram-se 0s guias para os testes de toxicidade oral aguda
e subaguda da Organizacao para Cooperacédo Econdmica e Desenvolvimento (OECD

423 e 407, respectivamente). Mesmo nao calculando uma LDso exata, a OECD 423
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fornece resultados aproximados que permitem inserir a substancia em classes de

toxicidade definidas pelo respectivo guia.

1.3 ATIVIDADE ANTIOXIDANTE E ESTRESSE OXIDATIVO

Dentre as principais propriedades biolégicas dos vegetais, que contribuiram
para o ressurgimento do interesse no uso de plantas na terapéutica, esta a capacidade
antioxidante dos mesmos, seja através do sequestro de radicais livres/espécies
reativas e/ou por estimular os sistemas de defesa intrinsecos do organismo.

O termo "radical livre" é frequentemente usado para designar um atomo ou uma
molécula que contém um ou mais elétrons desemparelhados, ou seja, “sem par’ nos
orbitais externos, 0o que torna essa substancia altamente reativa. Esta definicdo
engloba, por exemplo, o atomo de hidrogénio, a maioria dos ions de metais de
transicao, o oxigénio molecular e o 6xido nitrico (HALLIWELL; GUITTERIDGE, 2000).
Jéa as terminologias Espécies Reativas de Oxigénio e Espécies Reativas de Nitrogénio
(EROs e ERNSs) sdo mais abrangentes, incluem as espécies radicais livres e outras
que, apesar de ndo possuirem elétrons desemparelhados, sdo muito reativas em
decorréncia de sua instabilidade (RIBEIRO et al.,, 2005). Como exemplo desses
compostos, podemos destacar: perdxido de hidrogénio, acido hipocloroso, radical
superdéxido, radical hidroxil, radical alcoxil e radical peroxil (VASCONCELOS et al.,
2007).

Sabe-se que a producdo de EROs e de ERNSs é parte integrante e continua do
metabolismo celular aerébico e que estes desempenham papéis importantes em
diversas condicdes fisiologicas quando presentes em baixas concentracdes, tais como
respostas celulares, defesa contra agentes infecciosos (produzidos para eliminar o
agente agressor durante a fagocitose) e sinalizacao celular. Além disso, o radical
oxido nitrico tem fundamental importancia no controle da pressdo sanguinea
(vasodilatador), na neurotransmisséo, na regulagao imune e no relaxamento muscular
(VALKO et al., 2007). Quando a concentragdo de EROs e ERNs estd aumentada, o
organismo disp0e de um eficiente sistema antioxidante que, geralmente, consegue
controlar e restabelecer o equilibrio (SCHAFER; BUETTNER, 2001).

Os antioxidantes sao definidos como qualquer substancia que, presente em
menores concentracdes que as do substrato oxidavel, tenha a capacidade de atrasar

ou inibir a oxidagao deste de maneira eficaz e por meio de diferentes mecanismos de
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acdo: impedindo a formacéo dos radicais livres ou espécies ndo-radicais (sistemas de
prevencgao), impedindo a agéo desses (sistemas varredores) ou, ainda, favorecendo
0 reparo e a reconstituicdo das estruturas bioldgicas lesadas (sistemas de reparo)
(CLARKSON; THOMPSON, 2000; KOURY; DONANGELO, 2003). Os sistemas de
defesa antioxidantes sdo classificados em dois grupos: enddgeno (enzimético) e
exdgeno (ndo enzimatico). O sistema enddgeno é o primeiro a agir contra as espécies
reativas e, nesse grupo, estdo presentes enzimas capazes de bloquear o inicio da
oxidacdo, como por exemplo: superoxido dismutase (SOD), catalase (CAT) e
glutationa peroxidase (GPx). A SOD age acelerando o processo fisiolégico de
tranformacé@o do anion radical superéxido em peroxido de hidrogénio (H202), ja as
enzimas CAT e GPx atuam com 0 mesmo propadsito, complementando a acao da SOD
ao impedir o acumulo de H202 no organismo. O sistema exogeno inclui,
especialmente, os compostos antioxidantes de origem dietética, compreendendo
polifendis, licopeno, luteina, acido ascorbico (vitamina C), a-tocoferol e B-caroteno
(precursores da vitamina E e A, respectivamente) e, entre 0s minerais, destacam-se
zinco, selénio, cobre e magnésio.

No entanto, a producédo excessiva de espécies de oxigénio e nitrogénio durante
processos patofisioldgicos, associada a uma defesa antioxidante insuficiente para
restabelecer o balanco redox, pode desencadear o estresse oxidativo, caracterizado
por danos profundos em tecidos e pelo consequente desenvolvimento de patologias
(VINCENT; INNES; VINCENT, 2007). Em uma situacdo de estresse oxidativo, as
espécies reativas podem danificar muitas moléculas bioldgicas, incluindo os lipidios,
as proteinas, os carboidratos, as vitaminas e o DNA. Em decorréncia da peroxidacao
lipidica, as membranas celulares sdo um dos alvos mais atingidos por este processo,
0 que leva a alteracdes na estrutura e na permeabilidade destas, com perda de
seletividade na troca ibnica e liberacé@o do contetdo de organelas (HALLIWELL, 2007;
POULSEN; PRIEME; LOFT, 1998).

Além disso, ao combinar com o DNA das células, as espécies reativas podem
levar a uma alteragéo do codigo genético e, consequentemente, a uma multiplicacédo
celular desordenada, levando a aceleracéo do envelhecimento e ao desenvolvimento
de tumores (MATSUDA; SHIMOMURA, 2013). Na literatura, € possivel encontrar uma
grande diversidade de doencas associadas ao estresse oxidativo: aterosclerose (LlI;
HORKE; FORSTERMANN, 2014), Doenc¢a de Alzheimer (YAN; WANG; ZHU, 2013),
Doenga de Parkinson (HAUSER; HASTINGS, 2013), Esclerose Amiotréfica Lateral
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(NAGASE et al., 2016), inflamacdes cronicas (SAHU et al., 2013), diabetes
(ROCHETTE et al., 2014), entre outras.

1.4 MERCURIO: CARACTERISTICAS E TOXICIDADE

A potencial atividade antioxidante manifestada por diversas plantas medicinais
vem sendo utilizada como base cientifica para justificar estudos a respeito dos efeitos
protetores que extratos vegetais podem desempenhar frente intoxicacdes por
mercurio. Considerado um dos mais toxicos metais de transicdo, o mercurio pode se
apresentar no ambiente sob trés formas quimicas, sendo que todas causam graves
efeitos deletérios ao organismo e sao facilmente interconversiveis na natureza.

O mercurio elementar (ou metalico) € liquido, de coloracdo branco-prateada,
inodoro e envolvido em processos geoldgicos naturais, como em erupc¢des vulcanicas
e dissolucao de rochas. Devido a sua facil volatilizacdo e alta lipossolubilidade, esta
forma mercurial tem rapida passagem pela membrana alveolar, facil penetracdo na
barreira hemato-encefalica e placenta, sendo rapidamente distribuida na circulagéo
sanguinea e depositando-se, principalmente, no sistema nervoso central (AZEVEDO,
2003).

J& os compostos inorganicos de mercurio se formam naturalmente no ambiente
quando ha a combinacdo entre o mercurio elementar e outros elementos, como
enxofre e oxigénio, resultando na formacao de sais (ex: HgCl2 e HgS). Tem baixa
volatilizacdo e, por isso, 0os casos de intoxicacdo geralmente sdo consequéncia de
uma exposicdo por via oral e ndo por via inalatéria. Por apresentar baixa
lipossolubilidade, esta forma mercurial ndo € capaz de atravessar a barreira hemato-
encefalica e causar danos a nivel de sistema nervoso, tendo por caracteristica o
acumulo nos tecidos hepéatico e renal (AZEVEDO, 2003).

Por fim, os compostos organicos de mercurio sdo formados quando ha a
combinagdo do mercurio elementar com carbono, os chamados compostos
organomercuriais (ex: metilmercurio, etilmercurio e fenilmercurio). Esta forma é
considerada a mais toxica entre as trés citadas, uma vez que além de ter elevada
lipofilicidade, o radical organico associado a estrutura permite a rapida entrada do
metal na corrente sanguinea, causando danos irreparaveis ao sistema nervoso central
(NEVADO et al., 2010).
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Por se tratar de um poluente do solo, do ar, dos alimentos e da &gua, a
exposi¢cdo humana ao mercurio € uma situacao dificil de ser evitada. Nesse sentido,
atencao especial deve ser dada a determinados grupos populacionais no que se refere
a intensidade dessa exposicdo, entre eles: os trabalhadores ocupacionalmente
expostos ao mercuario em industrias e no garimpo do ouro; comunidades vizinhas a
fontes de poluicdo por mercurio e populacées ribeirinhas e indigenas que dependem
da pescada como fonte de proteinas (DRISCOLL et al., 2013).

Industrialmente, a maior aplicacdo do mercurio metalico se da nos garimpos,
em células eletroliticas para a producdo do cloro e soda, na fabricacdo de
termdémetros, barbmetros, lampadas e aparelhos elétricos. A aplicacdo dos compostos
inorganicos ocorre principalmente na industria de eletrodos, polimeros sintéticos e
como agentes antissépticos. Dentre as aplicagbes dos compostos organicos,
destacam-se os usos como fungicida e inseticida. Ja a exposicdo ambiental é
provocada, principalmente, pela ingestdo de alimentos, como por exemplo, peixes e
frutos do mar que habitam dguas contaminadas por metais pesados, ou seja, que sdo
mais susceptiveis ao acumulo de mercurio no tecido muscular (LI et al., 2014).

Por se depositar principalmente nos rins, figado, sangue, aparelho respiratorio,
sistema nervoso central e periférico, este metal é frequentemente associado a graves
quadros de intoxicagéo, denominados hidrargirismo (KAUR; ASCHNER; SYVERSEN,
2006). Dentre os efeitos nocivos provocados por uma intoxicacdo aguda, destacam-
se bronquite, edema pulmonar, lesdes hepaticas e renais, gosto metalico na boca,
dores em articulacdes, convulsdes, alucinacgdes, distirbios emocionais, anormalidade
nos reflexos, confusdo mental, coma e morte. J& a exposicao crbénica esta relacionada
com o aparecimento de inflamacdes gengivais, amolecimento dos dentes, inchaco das
glandulas salivares, cardiomiopatia, anemia, perda de memdria e do controle
muscular, entre outros (CAROCCI et al., 2014; RICE et al., 2014).

Os principais mecanismos moleculares citados na literatura para explicar os
efeitos deletérios do mercurio sobre organismos vivos incluem: o estresse oxidativo,
a acdo sobre a rede de microtubulos e a acdo nos mecanismos de reparo do DNA. O
primeiro caso se explica pela acdo supressora deste metal sobre enzimas
antioxidantes e pelos radicais livres gerados durante o seu proprio metabolismo, pelo
citocromo P450. O segundo mecanismo € caracterizado pelo desarranjo na
distribuicdo cromossdmica durante a mitose, quando o mercurio age na rede de

microtubulos e, a terceira via de toxicidade deste metal representa o prejuizo no
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sistema de reparo do DNA, o qual € responsavel por proteger a integridade das
informagdes do genoma (CRESPO-LOPEZ et al., 2009). Desta maneira, compostos
naturais com atividade antioxidante podem atenuar o estresse oxidativo gerado em
um quadro de intoxicacdo mercurial, diminuindo assim, a gravidade dos efeitos

nocivos atribuidos a este metal.

1.5 OBJETIVOS

1.5.1 Objetivo geral

Identificar constituintes fitoquimicos no extrato das folhas de Dolichandra
unguis-cati, determinar o perfil toxicolégico empregando-se métodos in vitro e ex vivo,
bem como a atividade protetora do extrato frente a intoxicagdo mercurial aguda de

ratos Wistar.

1.5.2 Objetivos especificos

o Obter extrato hidroetandlico 70% das folhas de Dolichandra unguis-cati
(CELD);

o ldentificar e quantificar constituintes fitoquimicos em CELD;

o Determinar as atividades citotdxica, genotoxica e mutagénica de CELD em
leucocitos humanos;

o Avaliar a toxicidade aguda ex vivo de CELD em ratos Wistar, segundo o guia
OECD 423;

o Avaliar a toxicidade aguda in vitro de CELD através de ensaio com
microcrustaceos;

o Avaliar a toxicidade subaguda ex vivo de CELD em ratos Wistar, segundo o
guia OECD 407;

o Determinar a capacidade antioxidante de CELD através de ensaios in vitro e ex
Vivo;

o Determinar as atividades hepato e nefroprotetoras de CELD frente exposicéo

mercurial aguda de ratos Wistar.
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2 MANUSCRITOS

Os materiais e métodos e resultados que fazem parte desta dissertacdo estdo
apresentados sob a forma de trés manuscritos. Cada manuscrito esta estruturado de
acordo com as normas das revistas cientificas escolhidas para a submissdo ou

publicacdo do mesmo.

2.1 MANUSCRITO 1

DETERMINATION OF CYTOTOXICITY, GENOTOXICITY AND MUTAGENICITY OF
HYDROETHANOLIC EXTRACT OF Dolichandra unguis-cati L. LEAVES IN HUMAN
LEUKOCYTES

O presente manuscrito foi submetido ao periddico Boletin Latino Americano y del
Caribe de Plantas Medicinales y Aromaticas.

Determination of cytotoxicity, genotoxicity and mutagenicity of hydroethanolic extract of
Dolichandra unguis-cati L. leaves in human leukocytes

Determinacion de la citotoxicidad, genotoxicidad y mutagenicidad del extracto hidroalcohdlico de
Dolichandra unguis-cati L. hojas en leucocitos humanos
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The aim of this study was to evaluate the cytotoxicity, genotoxicity and mutagenicity of the
hydroethanolic extract obtained from the leaves of Dolichandra uniguis-cati in order to identify
deleterious effects on cell integrity and genome. Validated methods were used to analyze the cell
proliferation and viability, alkaline comet DNA and micronucleus frequency in human non-malignant
cells, as well as to quantify phytochemicals groups. Total polyphenols, flavonoids and condensed
tannins were quantified. The toxicological tests demonstrated that the plant does not pose genotoxic and
mutagenic effects, but a cytotoxic activity was established in a dose-dependent manner. Our results
indicate that the hydroethanolic extract of Dolichandra unguis-cati leaves is safe concerning genotoxic
and mutagenic effects, while the cytotoxicity identified needs further investigations to set the safety in
the use of this plant, as well as its potential as an anti-tumor agent.

Keywords: Dolichandra unguis-cati, Cytotoxicity, Genotoxicity, Mutagenicity, Chemical composition

RESUMEN

El objetivo de este estudio fue evaluar la citotoxicidad, genotoxicidad y mutagenicidad del
extracto hidroalcohdlico obtenido de las hojas de Dolichandra unguis-cati con el fin de identificar los
efectos nocivos sobre la integridad celular y el genoma. Métodos validados fueron utilizados para
analizar la proliferacion celular y viabilidad, el DNA cometa alcalino y la frecuencia de micronlcleos
en células no malignas humanas, asi como para cuantificar los grupos fitoquimicos. Polifenoles totales,
flavonoides y taninos condensados fueron cuantificados. Las pruebas toxicoldgicas demostraron que la
planta no presenta efectos genotdxicos y mutagénicos, pero una actividad citotoxica se estableci6 en una
forma dependiente de la dosis. Nuestros resultados indican que el extracto hidroalcohdlico de
Dolichandra unguis-cati hojas es seguro en relacion con los efectos genotoxicos y mutagénicos,
mientras que la citotoxicidad identificado necesita mas investigaciones para establecer la seguridad en
el uso de esta planta, asi como su potencial como un agente anti-tumor.

Palabras clave: Dolichandra unguis-cati, Citotoxicidad, Genotoxicidad, Mutagenicidad, Composicion
quimica

1. Introduction

The utilization of medicinal plants for the treatment of a variety of diseases constitutes an
ancient practice dating back thousands of years. In the modern era, their lower cost relative to many
pharmaceuticals, coupled with the belief that “natural remedies” do not pose a health hazard, compels
people to choose phytotherapy over more conventional medical regimens (Diarra et al., 2016).
Dolichandra unguis-cati, popularly known as "unha-de-gato™ is a climber plant belonging to the
Bignoniaceae family. Commonly encountered in South America, as well as in Egypt and western India,
this plant has been used for ornamental and medicinal purposes (Siqueira et al., 2014; Lorenzi and
Matos, 2008).

Some studies have demonstrated that its leaves are traditionally employed for the treatment of
diarrhea, rheumatism, fever, snake bite, cancer, venereal diseases and inflammatory reactions (Aboutabl
etal., 2008; Lorenzi and Matos, 2008; Mors et al., 2000. Duarte et al., 2000). Phytochemical compounds
identified in this plant are targets of pharmacological interest because of their capacity for the
preservation and restoration of human health (Aboutabl et al., 2008; Duarte et al., 2000). However, little
is known about the toxicological profile of D. unguis-cati and the negative effects that may be
experienced by the organism. According to the literature, the compounds present in some plant extracts
may induce cell death and DNA damage (Yedjou et al., 2016). Therefore, the aim of this study was to
demonstrate the safety in the use of the hydroalcoholic crude extract obtained from the leaves of D.
unguis-cati (CELD) through the assessment of cytotoxicity, genotoxicity and mutagenicity.
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2. Materials and methods

2.1. Botanical material and extraction procedure

Leaf samples of D. unguis-cati were collected in Santa Maria (Rio Grande do Sul,
Brazil), in October 2014 (coordinates 29°38°50,38242”S and 53°41°16,49497”W) and
identified by Prof. R.A. Z&chia. A voucher speciment was deposited in the herbarium of the
Department of Biology at the Universidade Federal de Santa Maria, under register number
SMDB 15442.

After drying in an air-circulating convection oven at 40°C, the D.unguis-cati leaves
were powdered in a cutter mill and macerated in ethanol 70% in a dark room at ambient
temperature for 21 days, stirring throughout. The macerate obtained was filtered and
concentrated until ethanol complete elimination in a rotary evaporator Buchi RIl. The
extract was then lyophilized and stored under refrigeration.

2.2. Phytochemical Analysis
The quantification of total polyphenol, flavonoid and condensed tannin content
present in D. unguis-cati leaves was determined through specific colorimetric reactions,
conducted in triplicate following the methods described by George et al. (2005), Rio (1995)
and Agostini-Costa et al. (1999), with slight modifications.

2.3. Cytotoxicity, genotoxicity and mutagenicity evaluations against human leukocytes

All the experimental procedures utilized in this study were approved by the Ethics
Committee of Universidade Federal do Pampa (n° 27045614.0.0000.5323). Humans
leukocytes were chosen due to their sensitivity to xenobiotics. For all samples, 0.5 mL of
venous blood collected by venipuncture from a male volunteer was added to RPMI 1640
medium supplemented with 10% fetal bovine serum and 1% streptomycin/penicilin. The
cells were maintained at 37°C with 5% of CO, until the moment of use. The positive control
is represented by the addition of hydrogen peroxide (H.O,/ 10uMol), while CELD was
tested in three different concentrations: 1, 10 and 100 pg/mL.

2.3.1. Cytotoxicity assay
As described by Burow et al. (1998), the effects on cell proliferation and
viability were assessed by mixing the cell suspension with Trypan Blue, in
triplicate, with subsequent microscopic observation (Olympus model CH-30,
Tokyo, Japan; 400x magnification). The result is expressed by the average
percentage obtained from dead or unviable cells within a total of 300 cells per slide.

2.3.2. Genotoxicity assay

The alkaline comet DNA assay was conducted to evaluate the genotoxic
activity of CELD, in triplicate, through single cell gel electrophoresis, as described
by Singh et al. (1988). The electrophoretic analyses were carried out at 300mA and
25V, in a horizontal chamber (Thermo Fisher Science, Waltham, MA, USA) during
20 min and, subsequently, stained with silver. Each cell was classified according to
their level of damage (from 0 to 4) and the sum of the damage values provided the
DNA damage index (DI), which ranges between 0 (100 cells x 0) to 400 (100 cells
x 4).

2.3.3. Mutagenicity assay
Micronucleus frequency evaluation was performed in duplicate to
determine the mutagenic effect of CELD. In this study, the treated cell cultures were
adhered to glass microscope slides following the smear slide method, allowed to
dry at room temperature and stained by Panotico Rapido (Labor Clean). The slides
were then analyzed with oil immersion optical microscopy. Each result expressed
a 1000 cell-count (Thomas et al., 2008).
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2.4. Statistical analysis
The results were analyzed using one-way analysis of variance (ANOVA), followed
by Bonferroni post-hoc test. The differences between groups were considered to be
statistically significant when p < 0.05.

3. Results

3.1. Total phenolic, flavonoid and condensed tannin contents
The quantification of natural compounds presented in the CELD is summarized in Table 1.
The contents were determined from extrapolation of the calibration curves: y = 0.0264x -
0.1057; R? = 0.999 (for total polyphenols), y = 0.0027x + 0.0235; R? = 0.998 (for
flavonoids) and y = 0.0002 - 0.0092; R% = 0.999 (for condensed tannins).

Table 1
Total phenolic, flavonoid and condensed tannin content of CELD
Phytochemical parameter Quantification (x SD)
Total phenolic content (mg GAE g*)? 291.20 (+ 0.028)
Total flavonoid content (mg RE g*)° 49.30 (= 0.033)
Condensed tannin content (mg CE g?)° 24.00 (£ 0.002)

2Total phenolic content expressed as gallic acid equivalent (mg GAE g* extract).
®Total flavonoid content expressed as rutin equivalent (mg RE g™ extract).
¢ Condensed tannin content expressed as catequin equivalent (mg CE g* extract).

3.2. Cytotoxicity evaluation
Acting as a positive control, hydrogen peroxide decreased the number of leukocytes
and caused approximately 25% of cell viability reduction. Similarly, the highest
concentration of CELD (100 pg/mL) also exerted a damaging effect on leukocytes' viability.
The intermediate concentration (10 pg/mL) tested was statistically different from both,
positive and negative controls. On the other hand, CELD in a concentration of 1 pg/mL
presented results in agreement with the negative control (Fig. 1).
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Graphical representation of CELD effects (1, 10 and 100 pg/mL) on cell proliferation for evaluating the
cytotoxicity. NC (negative control), PC (positive control), CELD (D. unguis-cati leaves hydroalcoholic
crude extract). Bars with the same name letters indicate statistical similarity.
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3.3. Genotoxicity and mutagenicity assays
As shown in figure 2, none of the CELD treatments (1, 10 and 100 pg/mL) caused
significant DNA damage or emergence of micronucleus. All tested concentrations presented
similar results to the negative control (PBS buffer), while the positive control (hydrogen
peroxide) increased the DNA damage and the frequency of micronucleus by approximately
25% and 13%, respectively.
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Graphical representation of CELD effects (1, 10 and 100 pg/mL) on DNA damage and micronucleus
frequency for evaluating the genotoxicity and mutagenicity, respectively. NC (negative control), PC
(positive control), CELD (D. unguis-cati leaves hydroalcoholic crude extract). Bars with the same name
letters indicate statistical similarity.

4. Discussion

Phytotherapy is the oldest therapeutic modality in the treatment of human and animal diseases,
and the first reports regarding the utilization of plants (fresh or in the form of extracts) for medicinal
purposes date back many centuries (Tomazzoni et al., 2006). Generally, herbal medicines are readily
received by the population because of their low cost, easy access and perceived low-toxicity (Da Silveira
et al., 2008). However, epidemiologic and clinical evidence supports the hypotheses that
phytochemicals can modulate the cellular metabolism and antioxidant enzyme expression, thus affecting
the cell’s integrity and redox status (Ferndndez-Pachoén et al., 2009).

As such, the biological safety of medicinal plants cannot be assumed, since some of its
contituents may exert toxic effects and pro-oxidant activities (Nath and Yadav, 2015; Samec et al., 2015;
Da Silva et al., 2014). The presence of oxidative conditions in the cell gives rise to reactive oxygen
species (ROS), which may result in DNA functionalization and fragmentation. If this process is not
properly repaired, changes to the genome may occur, leading some cells to keep proliferating with
damaged DNA (Swift and Golsteyn, 2014; Furness et al., 2011). In this context, the objective of the
present study was to investigate, for the first time, the cytotoxicity, genotoxicity and mutagenicity of
Dolichandra unguis-cati leaves.

Cytotoxicity is a crucial toxicological parameter that indicates alterations in cell proliferation
and viability. This study enable us to identify dead or unviable non-malignant cells (e.g leukocytes) as
a consequences of exposure to xenobiotics that may alter the stability of cell membranes. In this assay,
we observed that the lowest CELD concentration (1 pg/mL) was absent of cytotoxicity to human
leukocytes, being statisticaly similar to the negative control. On the other hand, the treatments with 10
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and 100 pg/mL decreased cellular viability in a dose-dependent manner. It is worth noting that the
highest tested dose presented cytotoxic results in accordance with the positive control. Since we have
studied the crude extract of D. unguis-cati, the identified cytotoxic activity might be result of the
synergistic interaction of the plant’s many constituent natural products, rendering it impossible to state
which compound(s) is(are) exerting a cytotoxic effect. However, literature reports indicate that
phytochemical constituents of plant extracts, either acting individually or synergistically, can exert
protective actions against oxidative damage on important biological substrates yet, at the same time,
possess pro-oxidative effects against others (Dorman and Hiltunen, 2011; Banerjee et al., 2008), which
may explain the trends observed in leukocyte viability.

In the past years, studies have shown that different classes of polyphenols (including flavonoids
and tannins) can act as both pro-oxidants and antioxidants, being able to induce an increase in
intracellular ROS levels and lead to apoptosis, which is considered an important mechanism of their
anticancer properties (Singh et al., 2013). The CELD quantification of polyphenols that we performed,
along with other studies of its chemical composition (Aboutabl et al., 2008; Duarte et al., 2000), does
not contraindicate the popular use of this plant as an antitumor agent. Nevertheless, despite its potential
activity as an antitumor agent, it is important to highlight the fact that this activity was identified in non-
malignant cells, showing a lack of specificity of the active constituents. Moreover, this action may not
be maintained when tested against abnormal cell lines (e.g. tumor cells).

To access the genotoxic activity of CELD, the alkaline comet DNA assay was performed. This
is an extremely sensitive method in a pre-clinical phase of study to detect simple and double breaks in
DNA strands, which can be visualized in the electrophoresis by an increased migration of free DNA
segments, resulting in comet-like streaks (Matic et al., 2013). The micronucleus assay is an important
indicator of DNA mutagenesis caused by xenobiotics that affords an accurate identification of possible
clastogenic (chromosome breakage) and aneugenic (abnormal chromosome segregation) effects (Araldi
et al., 2015). In accordance with other studies (Dalla Lana et al., 2015; Zuravski et al., 2015), our results
show that all concentrations of CELD did not present genotoxicity and mutagenesis when tested in
human leukocytes, being considered safe in these aspects. This result is very important since the
exposure to xenobiotics can result in covalent bond with DNA, resulting in genetic damage, which is
recognized as a possible early event in the process of chemical carcinogenesis (Swift and Golsteyn,
2014).

5. Conclusion

The hydroethanolic extract of Dolichandra unguis-cati leaves did not present significant
genotoxic and mutagenic effects, since no major alteration was found in the evaluations for DNA
damage and micronuclei frequency. Moreover, the extract demonstrated cytotoxicity for human
leukocytes, reducing cell viability in a dose-dependent manner. This fact does not discourage the use of
this plant for medicinal purposes, but does highlight the need for further investigations regarding the
safety and the potential anti-tumor properties of the active compounds.
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ABSTRACT

Ethnopharmacological relevance: Dolichandra unguis-cati L. is a native climbing plant of
Brazil, popularly known as “unha de gato”. It has been traditionally used mainly as an
antipyretic, anti-inflammatory and anti-tumor agent, yet little toxicological information is
found in the literature.

Aim of the study: To identify the chemical composition of the hydroethanolic extract obtained
from the leaves of Dolichandra uniguis-cati and to evaluate the acute and subacute toxicity in
male and female rats, in order to assess the safety profile of this plant.

Materials and methods: In the acute study, a single dose (2000 mg/kg) of the extract was
orally administered to male and female rats. In the subacute study, the extract was orally
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administered to male and female rats at doses 100, 200 and 400 mg/kg for 28 days.
Behavioral changes, catalase and lipid peroxidation determinations, biochemical,
hematological and histopathological parameters were analyzed. Artemia salina was used as a
lethality test. The extract’ chemical composition was accessed through UHPLC/MS.

Results: Chlorogenic acid, caffeic acid, rutin, ferulic acid, vanillinic acid, p-coumaric acid,
rosmarinic acid, trans-cinnamic acid, luteolin, apigenin, quercitrin and quercetin were
idenfied in the extract. In the acute treatment, the extract was classified as safe (category 5),
according to the Organization for Economic Cooperation and Development guideline. In
relation to the subacute study, females showed a reduction in aspartate aminotransferase (100,
200 and 400 mg/kg), alanine aminotransferase (200 mg/kg) and blood urea nitrogen (100 and
200 mg/kg) levels. Both genders presented a reduction in the cholesterol dosage at all doses
and male rats 400 mg/kg presented an increase in aspartate aminotranferase levels. No
behavioral and histopathological changes were recorded.

Conclusions: Our results indicate that the hydroethanolic extract of Dolichandra unguis-cati
leaves did not present relevant toxic effects when administered orally to male and female rats.
The extract also showed potential hepatoprotective and hypocholesterolemic activities.
Keywords: Dolichandra unguis-cati, Acute toxicity, Subacute toxicity, UHPLC/MS.
Chemical compounds studied in this article

Chlorogenic acid (PubChem CID: 1794427); Vanilinic acid (PubChem CID: 8468); Cafteic
acid (PubChem CID: 689043); p-coumaric acid (PubChem CID: 637542); Ferulic acid
(PubChem CID: 445858); Rutin (PubChem CID: 5280805); Rosmarinic acid (PubChem CID:
5281792); Quercitrin (PubChem CID: 5280459); Trans-cinnamic acid (PubChem CID:
444539); Quercetin (PubChem CID: 5280343); Luteolin (PubChem CID: 5280445); Apigenin
(PubChem CID: 5280443).

1. Introduction

Since ancient times, humans have sought to find remedies for their ailments in nature.
Specifically, natural products and their synthetic derivatives have been discovered from the
huge diversity of plants in the world, in order to prevent and treat many of humanity’s
maladies (Kakooza-Mwesige, 2015).

Medicinal plants are commonly used as therapeutic agents because they represent an efficient,
inexpensive alternative to traditional medicine, that are generally considered safe (Rokaya et
al., 2014). However, it represents a misconception, since their action may cause side effects.
Moreover, several herbal medicines are used indiscriminately, without a prescription or
appropriate instruction, thereby representing a potential risk to the population. In spite of their
traditional uses, evaluation of the toxicological profiles of medicinal plants is important to
ensure safety for the user population (Bello et al., 2016; Da Silveira et al., 2008).

Dolichandra unguis-cati belongs to the Bignoniaceae family, being a native climbing plant
from north to south of Brazil, which is also found in other parts of South America, as well as
Egypt and western India. Popularly known as “unha-de-gato”, “cipd-de-morcego” and “cipod-
de-gato”, D. unguis-cati have various uses, ranging from ornamental to therapeutic purposes
(Siqueira et al., 2014; Lorenzi and Matos, 2008). In folk medicine, ethnopharmacological
records show that the leaves are used for the treatment of snake bite, diarrhea, fever,
rheumatism, inflammatory reactions and to induce diuresis. Its tuber and root nodules are
utilized for the treatment of hepatitis (Aboutabl et al., 2008; Houghton and Osibogun, 1993).
Moreover, previous data reported it uses against venereal diseases and malaria (Lorenzi and
Matos, 2008; Mors et al., 2000). Anti-tumor and anti-trypanosome properties were also
reported in the literature (Duarte et al., 2000).
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Many bioactive substances have been isolated from D. unguis-cati. These include
corimboside, vicenin-2, O-flavonol, quercetin, chlorogenic acid, isochlorogenic acid, lupeol,
[-sitosterol, B -sitosterilglycoside, allantoin, lapachol, among others (Aboutabl et al., 2008;
Duarte et al., 2000). The great potential of D. unguis-cati as an herbal medicine is further
supported by its biological and pharmacological applications described in the literature.
However, there is insufficient data demonstrating the safety of the crude extract from the
leaves of D. unguis-cati (CELD). Therefore, the aim of this study was to investigate the
toxicity of D. unguis-cati using in vitro and in vivo experimental models.

2. Materials and methods

2.1. Plant material

Fresh leaves of Dolichandra unguis-cati were collected in Santa Maria (Rio Grande do
Sul, Brazil) in October 2014 (coordinates 29°38°50,38242”S and 53°41°16,49497”W). The
plant was identified and authenticated by Prof. R.A. Z&chia, and a voucher speciment (No.
SMDB 15442 ) was deposited in the herbarium of the Department of Biology at Universidade
Federal de Santa Maria.

2.2.0btention of extract

Dolichandra unguis-cati leaves were dried in a circulating air oven, then powdered in a
knife mill. The powder was macerated with ethanol 70% at room temperature for 21 days,
using a daily shake-up. After this period, the macerate was filtered and concentrated in a
rotary evaporator Buchi RII. Finally, the extract was lyophilized and stored under
refrigeration.

2.3.Chemicals and reagents

All chemicals were of analytical grade. Gallic acid, chlorogenic acid, (+)-catechin,
vanillic acid, 6-hydroxycoumarin, p-coumaric acid, rutin, 4-hydroxycoumarin, rosmarinic
acid, quercitrin, myricetin, fisetin, resveratrol, trans-cinnamic acid, quercetin, luteolin,
apigenin, kaempferol, 3-6 dihydroxyflavone, chrysin, galangin, 3-acetyl coumarin and acetic
acid were obtained from Sigma Aldrich (St. Louis, MO, USA). Caffeic and ferulic acids were
purchased from Fluka Analytical (Buchs, Switzerland). Acetonitrile and methanol were
supplied by Panreac (Castellar del Valles, Spain). The stock solutions of the phenolic
standards were prepared by dissolution of appropriate amounts of substances in methanol.

The ultrapure water was obtained from a Milli-Q Synergy UV (Merck
Millipore,Darmstadt, Germany) system.

2.4. Phytochemical characterization: UHPLC/MS

According to Faccin et al. (2016), chromatographic analyses of polyphenols were
performed using an UHPLC 1260 Infinity Binary system (Agilent, Santa Clara, CA, USA)
able to operate at pressures up to 600 bar. The separations were carried out under gradient
conditions with a Zorbax SB-C18 Rapid Resolution HD column (2.1mm x 50 mm, with 1.8
um particle size, Agilent) at a temperature of 40°C. The mobile phase was water containing
0.1% acetic acid (A) and acetonitrile (B), according to the following elution program: 8.0% B
(0.00-0.10 min); 8.0-25.8% B (0.10-3.45 min);25.8-54.0% B (3.45-6.90 min); 54.0-100.0%
B (6.90-7.00 min); and 100.0% B (7.00-9.00 min). The flow rate was 0.8 mL/min, the
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injection volume was 5 uL and the injected aliquots were acidified to a final concentration of
0.1% acetic acid (v/v).

Mass spectrometry analysis was carried out using an Agilent 6430 triple quadrupole
mass spectrometer. The instrument was operated using electrospray (ESI) ionization in a
multiple reaction monitoring (MRM) mode, with a resolution of 0.7 m/z (FWHM). The
collision energies and the transitions monitored by the mass spectrometer were optimized for
each analyte. The optimal analyte response, in terms of signal intensity and stability, was
found to be a gas flow of 11 L/min, a nebulizer of 30 psi, a capillary voltage of = 2.4 kV and a
gas temperature of 250°C, with nitrogen used as the drying gas. After finishing the gradient
program, a post-run time of 4.0 min was adopted for reequilibrating the system. The resulting
data were analyzed through a MassHunter Workstation Software Qualitative Analysis
(version B.04.00, Build 4.0.479.0, Agilent Technologies, Inc., 2011).

2.5. Brine shrimp lethality test

The in vitro acute toxicity test was performed following a procedure by Meyer et al.
(1982). Artemia salina's eggs were placed in a tank containing artificial sea water (2.8%
saline), aerated and maintained at a temperature of 25°C + 2°C. After incubation for 48
hours, the eggs hatched yielding nauplii, which were collected using a Pasteur pipette and
transferred to sample vials containing 5 mL of artificial sea water (15 nauplii in each vial). Six
different concentrations of CELD were tested in triplicate (50, 100, 500, 1000, 2000, 5000
pg/mL). The 15 nauplii composing the control group received just artificial sea water.. After
24 hours, the number of nauplii deaths was determined in terms of percentage. Using
Microsoft Excel, the regression equation was determined from the plot of nauplii mortality
percentage versus the log of concentration, which allowed for the calculation of the LCsq.

2.6. Experimental animals

Wistar albino rats of both sexes and weighting 120-170 g were obtained from Biotério
Central da Universidade Federal de Santa Maria. All animals were acclimatized to standard
local conditions for 7 days, then randomly distributed into different experimental groups. The
animals were maintained in polypropylene cages with 40 X 33 X 16 cm of dimension at a
temperature of 23 + 2°C, with a 12:12 h light/dark cycle and 45-55% of relative humidity. The
rats had free access to commercial food pellets and clean drinking water. All experimental
procedures were approved by the Ethics and Animal Welfare Committee of Universidade
Federal de Santa Maria (CEUA No. 7715120115).

The acute and subacute oral toxicities of D. unguis-cati in male and female Wistar rats
were conducted in compliance to the OECD guidelines (Organization for Economic
Cooperation and Development) numbers 423 and 407, respectively, with slight modifications.

2.7.Acute toxicity test

According to Guidance OECD 423 (2001), the CELD was administered in a single dose
of 2000 mg/kg dissolved in distilled water by oral gavage in three rats fasted overnight of
each gender (n=6), while the control groups for both sexes (n=6) received distilled water.
After that, all animals were individually observed to monitor physical and behavioral
alterations for 14 days, giving special attention to the first 30 minutes after exposure.
Specifically, alterations such as mortality, salivation, lethargy, diarrhea, tremors and
convulsions were considered. We were also attentive to changes in body weight, fur and skin,
eyes and mucous membranes, respiratory and central nervous systems, as well as to
alterations in general behavior patterns. The experiment was performed twice as indicated in
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the aforementioned guidelines. At the end of the treatment, the animals were fasted overnight
and anesthetized, followed by blood collection by cardiac puncture. After euthanasia, target
organs were collected for subsequent analysis.

2.8.Subacute toxicity test

In compliance to the Guidance 407 (1995), twenty rats (per gender) were distributed
equally into four groups, three of them receiving different dosages of CELD (100, 200 and
400 mg/kg, resuspended in distilled water) and a control group treated with distilled water,
totaling 40 animals used in this experiment. The doses were decided according to previous
studies by our research group (Da Silva, 2014). Through daily administration by gavage for
28 days, the animals were observed considering the same physical and behavioral changes
recommended by the OECD 423, as cited at item 2.5. At the end of the treatment, the animals
were fasted overnight and anesthetized, followed by the blood collection by cardiac puncture.
After euthanasia, target organs were collected for subsequent analysis.

2.8.1. Histopathology

After euthanasia, liver and kidney samples were removed, fixed in 10% buffered
formalin and underwent a routine histological process for paraffin embedding and light
microscopic examination. Sections (6 pm thick) were stained by hematoxylin and eosin (H.E)
method. Blinded histological analysis was performed by a trained histologist.

2.9. Biochemical and Hematological analysis

The blood samples collected by cardiac puncture underwent evaluation of biochemical
and hematological parameters. Regarding the biochemical analysis, tubes without
anticoagulant were used and the blood was allowed to clot before centrifugation (4000 rpm
for 10 min), in order to obtain the serum. A semi-automatic analyzer (Genz, Bioplus: Bio-
2000) and commercially available test kits (Diagnostic Kits Laboratory Bioclin/Quibasa,
Minas Gerais, Brazil) were utilized for the assessment of aspartate aminotransferase (AST),
alanine aminotransferase (ALT), total cholesterol (Chol), creatinine (CRE) and blood urea
nitrogen (BUN).

For the hematological analysis, tubes with EDTA were used and the total blood was
subject to the evaluation of red blood cells (RBC), hematocrit (HCT), hemoglobin (HGB),
mean cell corpuscular hemoglobin concentration (MCHC), mean corpuscular volume (MCV),
red blood cell distribution width (RDW), platelets (PTL), as well as the total (WBC) and
differential counts of leukocytes, by using the automatic veterinary counter Mindray BC
2800.

2.10. Open Field test

One day prior to the euthanasia of animals, spontaneous exploratory behaviour was
evaluated in the Open Field test by simultaneous measures of locomotion and exploration.
This is a valuable investigation in order to identify signs of anxiety and/or motor disturbance,
after exposure to CELD. The Open Field apparatus was constructed with plywood, measuring
45 X 45 cm, with 30 cm walls and the base was divided into nine squares with tape markers
(3X3). Each rat was placed in the central square, being allowed to explore the apparatus for 5
minutes. During this time, we recorded the frequency of line crossing with all four paws and
rearing on the hind legs. Between each test, the apparatus was cleaned with ethanol 70%
(Choleris et al., 2001).
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2.11. Lipid peroxidation/ex vivo antioxidant activity of CELD

The liver and kidney lipid peroxidation (LPO) estimation was determined
spectrophotometrically using TBARS method as described by Buege and Aust (1978). This
experiment enabled us to quantify the colorimetric complex formed from the reaction of
thiobarbituric acid (TBA) with the LPO product malondialdehyde (MDA), in acid solution at
532 nm.

Catalase (CAT) antioxidant activity of liver and kidney was determined according to the
method described by Aebi (1983). This test is based on the conversion of H2O; into water and
molecular oxigen by CAT, resulting in a loss of absorbance at 240 nm,

2.12. Statistical analysis

The data are expressed as mean = S.D. The results were analyzed using Student’s t-test
and by one-way analysis of variance (ANOVA), followed by Tukey post-hoc test. Mann-
Whitney, Kruskal-Wallis and Dunn's were used as statistic tests when the requirements to
perform a parametric test were not satisfied. The differences between groups were considered
to be statistically significant when p < 0.05.

3. Results

3.1.UHPLC/MS analysis

The crude extract from the leaves of Dolichandra unguis-cati (CELD) was analyzed by
UHPLC/MS. As indicated in Table 1, the extract contains chlorogenic acid, vanillinic acid,
caffeic acid, p-coumaric acid, ferulic acid, rutin, rosmarinic acid, quercitrin, trans-cinnamic
acid, quercetin, luteolin and apigenin.

Table 1
Compounds identified and quantified in CELD through UHPLC/MS

Peak  Retention Quantification Confirmation Compound Concentration
time (min) transition* transition* (ug g of plant)

1 0.81 353.1>191.1(5) - chlorogenic acid 2826.9 + 19.3
2 0.97 167.0>152.2 (10) 167.0>123.1(8) vanillic acid 36.5+3.0
3 0.97 179.0>135.1(10) - caffeic acid 1935+5.8
4 1.83 163.0>119.1 (9) - p-coumaric acid 16.4+0.2
5 2.52 193.1>134.1(9) 193.1>178.1 (7) ferulic acid 16.7+1.1
6 3.16 609.1>300.1(31) - rutin 275+19
7 3.68 359.1>161.0(7) 359.1>197.1(7) rosmarinic acid 11.7+1.2
8 3.71 447.1>3011(17) - quercitrin 0.9+0.04
9 444 147.0>103.2 (5) 147.0 > 77.1 (15) trans-cinnamic acid 74+12
10 464 301.0>151.1(17) 301.0>179.0(15) quercetin <ILOQ
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11 4.67 285.0>133.2(27) 285.0>151.1(27) luteolin 16.9+1.0

12 529 260.0>117.1(29) 269.0>149.0 (20) apigenin 3.1+0.2

* Collision energy (V) is given in brackets.

3.2. Bioactivity of CELD on A. salina larvae

D. unguis-cati presented an LCso of 3539.54 pug/mL and the percentage of mortality was
dependent and directly proportional to the concentration tested. The least toxic concentration
was also the smallest one (50 pg/mL) and caused just 13.33% of deaths, while 100, 500,
1000, 2000 and 5000 pg/mL presented aproximately 20, 26.66, 33.33, 46.66 and 53.33% of
mortality, respectively.

3.3. Acute toxicity test

The acute toxicity test revealed that oral administration of a single dose (2000 mg/kg) of
CELD did not show any signs of morbidity or mortality in treated animals during the 14 days.
The body weight gain of control and treated groups were similar. Moreover, no behavioral
changes were detected in the Open Field test, along with no significant differences on CAT
and TBARS evaluations (data not shown).

For both genders, biochemical parameters AST and ALT had a reduction in the groups
treated with the CELD, while male rats showed an increase in the CRE levels, when
compared to the control group. In the hematological analysis, we observed a reduction in the
leukocytes levels of female rats. Moreover, we detected an increase in the neutrophils levels
of male rats, while female rats presented a reduction in the same parameter, when compared
to the control group (Table 2).

The values of RBC, HCT, HGB, MCHC, MVC, RDW, PLT, lymphocytes, monocytes,
eosinophils, basophils, Chol and BUN presented no significant alterations as compared to the
control group, in both sexes (data not shown).

Table 2
Parameters altered after acute administration of CELD 2000 mg/kg in rats
Sex Blood dosages Control CELD 2000 mg/kg
Male AST (U/L) 102.7 £ 9.698 91.79 + 5.077°
ALT (U/L) 60.65 £ 7.567 34.20 £ 4.1612
CRE (mg/dL) 0.5250 + 0.050 0.6200 + 0.08367?
WBC (X10%/uL) 12.875 + 2933 11.660 + 1324
Neutrophils (%) 19.40 £ 2.074 24.20 + 3.421*°
Female AST (U/L) 95.45 + 14.73 83.10 + 5.855%
ALT (U/L) 43.48 + 7.639 33.98 + 4,321
CRE (mg/dL) 0.5750 + 0.1258 0.5400 + 0.05477
WBC (X10%/uL) 12.280 + 3658 8.960 + 789.32
Neutrophils (%) 25.80 £ 4.087 18.60 + 1.3422

Data are expressed as mean + S.D. Student T test/Mann-Whitney (n = 6). Aspartate aminotransferase
(AST), alanine aminotransferase (ALT), creatinine (CRE) and leukocytes (WBC). The values were
considered to be significantly different when p < 0.05. (a) Different from the control

3.4. Subacute toxiciy test
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Oral administration of CELD at doses of 100, 200 and 400 mg/kg during 28 days did
not cause any sign of adverse effects and no deaths were recorded. The body weight for both
genders exhibited a physiological trend. In addition, the treatment with D. unguis-cati did not
result in significant changes in the Open Field, CAT and TBARS evaluations, when compared
to the control group (data not shown).

Considering the biochemical parameters evaluated (Table 3), we observed that female
rats presented a reduction in serum AST activity in all groups treated with CELD, and the
serum ALT activity was reduced in rats receiving 200 mg/kg, when compared to the control
group. Moreover, the dosage of total cholesterol in female rats decreased in the groups treated
with 100, 200 and 400 mg/kg. The female rats also showed a reduction in BUN levels in
animals receiving 100 and 200 mg/kg. The other biochemical results were not modified in
female rats, while in male rats we observed a slight increase in the serum AST activity at a
dose of 400 mg/kg, as well as a non statistically significant decrease in the levels of ALT and
Chol in all groups when compared to the control group.

In relation to the hematological analysis (Tabela 4), male rats treated with 200 mg/kg
presented a slight reduction in the measurements of RBC, HGB and HCT. Moreover, the
group treated at a dose of 100 mg/kg also showed decreased levels of RBC. For female rats, a

reduction in the neutrophil level was observed in the animals receiving 200 mg/kg.

Table 3

Effects of subacute administration of CELD (100, 200 and 400 mg/kg) for 28 days on biochemical

parameters in rats

Sex Biochemical Study group
parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
Male AST (U/L) 75.10 + 7.528 82.13+£6.789 85.93 £ 5.427 90.72 £ 6.834%
ALT (U/L) 64.10 + 10.53 62.76 + 11.32 52.53 + 3.513 58.10 + 10.46
CRE (mg/dL) 0.720 £ 0.04472  0.740 £ 0.1342 0.680 + 0.08367  0.580 + 0.1304
BUN (mg/dL) 45.40 £ 7.570 46.00 £ 10.71 54.50 + 4.041 49.00 £ 5.612
Chol (mg/dL) 129.40 £ 20.04 105.00 + 6.325 116.40 £ 12.70 122.00 + 25.23
Female AST (U/L) 123.3+8.702 104.9 + 8.521° 99.94 + 9.3822 95.56 + 7.699?
ALT (U/L) 47.58 +4.730 45.60 + 5.415 35.62 + 6.4212 51.30 + 6.383
CRE (mg/dL) 0.460 + 0.05477  0.520 + 0.08367 0.540 + 0.05477  0.520 + 0.04472
BUN (mg/dL) 47.00 £ 5.339 31.20 £5.357¢ 35.80 + 4.4382 52.60 + 7.335
Chol (mg/dL) 128.4 + 8.444 98.60 + 10.06* 97.60 + 5.1282 83.20 £ 8.7582

Data are expressed as mean + S.D. One way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n =
5). Aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine (CRE), blood urea
nitrogen (BUN) and total cholesterol (Chol). The values were considered to be significantly different
when p < 0.05. (a) Different from the control.

Table 4

Effects of subacute administration of CELD (100, 200 and 400 mg/kg) for 28 days on hematological

parameters in rats

Sex Hematological Study group
parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
Male RBC (X10%uL)  8.614+0.1926  7.914+0.3926*°  7.684 +0.2256°  8.134 + 0.3566
HGB (g/dL) 16.96 + 0.3209 16.10 £0.8337  15.38+£0.8075* 16.04 + 0.1140
HCT (%) 50.80 + 1.304 48.40 + 2.608 46.40 + 2.408°  48.20 + 0.8367
MCV (fL) 58.48 + 2.252 59.80 £ 2.434 59.26 £ 2.935 59.22 £ 1.397
MCHC (g/dL) 33.40 £ 0.4301 33.20 £ 0.3742 33.60 + 0.6964 33.34 £ 1.026
RDW (%) 15.74 £ 0.3362 15.68 £ 0.7155 1548 £0.6301  15.10 + 0.4950
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PLT (X10%uL) 1192 +200.5 1076 + 179.6 1194 +2406 1072 +1226
WBC (X10%pL)  12.300 3101  13.925+2293  12.440+2257  12.680 % 3362
Lymphocytes (%) 70.20+5675  69.00+5148  69.80 £5.070  72.20 + 8.786

Neutrophils (%)  21.80+4.817  23.00+4.899  23.20+5263  22.80 +5.718

Monocytes (%)  5.60 + 0.8944 6.60 £ 2.074 5.80 + 0.8367 6.00 + 1.00

Eosinophils (%)  2.00 + 1.414 1.40 +1.342 2.60 + 1.140 1.00 + 1.225

Basophils (%)  0.40 + 0.5477 0+0 0.20 + 0.4472 0+0
Female RBC (X10%ul)  7.350 £0.3101  7.820£0.3633  7.758+0.2266  7.416+0.1781
HGB (g/dL)  14.56 £0.3647  15.30+0.6325  15.24+05771  14.80 % 0.4743
HCT (%) 46.40 £0.8944 4580+ 1483 4580+ 1643 4420+ 1.304
MCV (fL) 5738 +2.033  58.20+2417  57.66+2621  57.74+1.350
MCHC (g/dL)  34.26+0.9290  33.64+0.4336  33.78+0.6723  34.56 + 0.8706
RDW (%) 1472+0.6611  13.96+0.8444 13541009  14.28 +0.5070

PLT (X10%uL) 1258+ 226.7 1122 + 8.989 1243+2185  1043+1819
WBC (X10%pL)  11.260 + 1872  11.675+2175  9.100+ 1160  9.860 % 2475
Lymphocytes (%) 69.00+5244  71.00£5292 7460 +1.517  70.40 + 5.595

Neutrophils (%)  25.40+5.177  22.40+2.608  18.60 £ 1.342°  21.40 + 4.506

Monocytes (%)  6.40 + 1.517 6.40 + 2.191 580+0.8367  6.40 + 1.517

Eosinophils (%)  1.40 + 1.140 160+ 1817 1.00+0.7071  1.80 % 0.8367

Basophils (%)  0.40% 05477  0.20 % 0.4472 0+0 0+0

3.5.Histopathology

Data are expressed as mean + S.D.. One way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n
= 5). Red blood cells counts (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume
(MCV), mean cell corpuscular hemoglobin concentration (MCHC), red cells distribution width (RDW),
platelets (PLT) and leukocytes (WBC). The values were considered to be significantly different when p <
0.05. (a) Different from the control.

Histopathological analysis of liver and kidney were performed in male and female rats
exposed to the subacute treatment with CELD at different doses (100, 200 and 400
mg/kg), as well as in rats from the control groups. As represented in Figures 1 and 2,
the results did not reveal any significative alterations and the tissues maintained their

physiological aspect.
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Fig. 1. Photomicrography of liver section from male rats of experimental control (A) and 400
mg/kg treated-group (B); Photomicrography of liver section from female rats of experimental
control (C) and 400 mg/kg treated-group (D) of subacute toxicity test exhibiting hepatocyte
strings, the centriolobular vein and sinusoid capillaries with physiological aspect. Size bar for
comparison 10 um. H and E ( x 100).

Fig.2. Photomicrography of kidney section from male rats of experimental control (E) and 400
mg/kg treated-group (F); Photomicrography of kidney section from female rats of
experimental control (G) and 400 mg/kg treated-group (H) of subacute toxicity test showing
physiological glomerulus, with preserved architecture of renal and proximal tubules. Size bar
for comparison 10 um. H and E ( x 100).

4. Discussion

The traditional uses of plants in the treatment or management of a variety of diseases is
plagued by a lack of information regarding the biological and side effects associated with
these therapies (Park et al., 2010). Based on this, we assessed the toxicological profile of
CELD through in vitro and in vivo evaluations, relating it to the chemical composition
identified.

The lethality test through Artemia salina larvae showed that D. unguis-cati had an LCso
of 3539.54 pg/mL, being considered to be non toxic. Utilizing the same protocol, a previous
work identified plants moderately, weakly and non toxic. (Nguta and Mbaria, 2013). In the
acute toxicity experiment, the oral administration of a single dose of CELD (2000 mg/kg) did
not cause mortality, or behavioral and body weight changes. According to OECD 423, since
all animals survived until their schedule euthanasia, the extract has low toxicity and should be
included in category 5, with a LDsg estimated between 2000-5000 mg/kg. The subacute
toxicity study, involving the orally administration of CELD at doses of 100, 200 and 400
mg/kg, did not present alterations in animals behavior, body weight and mortality. Moreover,
the histopathological examination of the subacute study, showed that the extract did not cause
liver and kidney damage, which corroborates the claim of the plant extract to be non-toxic.

Liver is the main organ responsible for the biotransformation of xenobiotics in the
organism and, therefore, is one of the major targets of the adverse effects caused by toxic
substances. The serum enzymes AST and ALT are considered sensitive markers of hepato-
cellular toxicity and its increased activity indicate liver damage (Ramaiah, 2011). In this
work, we observed that an acute treatment with CELD caused a reduction in the activity of
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AST and ALT for both genders. The sub-acute treatment decreased AST (100, 200 and 400
mg/kg) and ALT (200 mg/kg) in females rats, while male rats presented a non statiscally
significant reduction in ALT, suggesting that D. unguis-cati have a lack of hepatotoxicity and
may have some hepatoprotective properties. The slight increase in the AST activity in male
rats (400 mg/kg) remains within the physiological limits and does not indicate toxicity. Other
studies reported similar findings regarding hepatoprotective effect of plants (Adewale et al.,
2016; Amenya et al., 2014; Luka et al., 2014). The hepatoprotective activity can be justified
by the chemical composition identified by UHPLC/MS, since rutin, luteolin, p-coumaric acid
and vanilinic acid are known as liver protectors. Moreover, chlorogenic acid, caffeic acid and
apigenin were proved to have synergistic hepatoprotective effect (Ali et al., 2016; Pereira et
al., 2015; Zhao et al., 2014; Shi et al., 2013).

Urea and creatinine are considered to be effective markers of kidney function and the
increase of these parameters may be associated with renal damage (Gowda et al., 2010). The
results of this work suggest that CELD does not exhibit nephrotoxicity, since the dosage of
BUN decreased in females subjected to sub-acute treatment (100 and 200 mg/kg). The
increase of CRE for males of the acute experiment does not indicate kidney dysfunction, since
the value is set within the physiological limits (Lima et al., 2014) and is not accompanied by
alterations in BUN levels.

The relationship between dyslipidemia and the development of chronic diseases such as
diabetes and hypertension is well stablished (Halpern et al., 2010). In our study, the prolonged
administration of CELD showed a reduction in total cholesterol in both sexes, although in
males the decrease was not statistically significant. This result suggests that D. unguis-cati
can be useful in the prevention and treatment of hyperlipidemia and its consequences.
Chlorogenic acid, the most abundant chemical constituent found in the extract, has already
been associated with a hypocholesterolemic action through different mechanisms, like the
activation of AMPK (Zheng et al., 2014; Ong et al., 2013; Wan et al., 2013), activation of
PPARa (Cho et al., 2010; Peng et al., 2011) and inhibition of HMG-CoA reductase activity
(Cho et al., 2010; Karthikesan et al., 2010). Furthermore, the reduction in antioxidant defense
mechanisms of the body, as well as increased membrane lipid peroxidation can result in
oxidative stress, which also favors the development of chronic diseases (Matsuda and
Shimomura, 2013). In this study, we observed that CELD did not reduce the measures of
CAT neither increased the TBARS evaluation, suggesting that D. unguis-cati does not
contributes to oxidative stress.

Since blood is the main carrier of substances in the body, its components are very
sensitive to toxins and, so, hematological parameters represent an important clinical response
to toxic compounds (Olson et al., 2000). In our experiments, all the differences reported were
within physiological limits found in the literature (Lima et al., 2014) and possibly represent
idiosyncrasies and individual variations in animals, not being associated with a toxic effect of
the extract.

5. Conclusion

Our results demonstrate that the hydroethanolic extract of Dolichandra unguis-cati
leaves did not present significant toxic effects when administered orally to male and female
rats. It can be deduced from the fact that acute and subacute treatments did not cause death or
relevant adverse alterations to the rats' biochemical, hematological and histopathological
parameters. Furthermore, the extract showed potential hepatoprotective and
hypocholesterolemic activities and may have biopharmaceutical applications.
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ABSTRACT

The intoxication by mercury is characterized by a severe oxidative stress that primarily affects liver
and kidney. Natural compounds with antioxidant properties may then be used to minimize the
deleterious effects of this metal. The present study was designed to investigate the protective effects of
the crude extract of Dolichandra unguis-cati leaves (CELD) in mercuric chloride (HgCl,) induced
oxidative stress. Adult male Wistar rats were distributed in 4 groups. Group 1 (control); Group 2
received a single subcutaneous injection of HgCl; at 5 mg/kg; Group 3 was orally treated with CELD
(400 mg/kg) for 7 days and then subcutaneously injected a single dose of HgCl, (5 mg/kg); Group 4
was orally given CELD (400 mg/kg) during 7 days. Biochemical, hematological and oxidative
parameters were analyzed. The antioxidant properties were assessed by DPPH and (3-carotene/linoleic
acid assay. The pre-treatment with CELD was able to mitigate the toxic effects of HgCl, decreasing
the dosages of AST, ALT, BUN and CRE. The extract also improved the redox balance, reducing LPO
and increasing the activity of SOD and CAT. Our results indicate that CELD may be a promissor
agent in the prevention of acute intoxications by HgCl..

Keywords: Dolichandra unguis-cati, Mercuric chloride, Biochemistry, Hematology, Oxidative
parameters, Antioxidant, Natural compounds

1. Introduction

Mercury is one of the most hazardous metals found in nature. Human exposure is hardly
avoidable due to the ubiquitous presence of mercury as an environmental pollutant of air,
water, food and soil, as well its widespread industrial use (thermometers, batteries, gold
mining, lamps, amalgams) (Fu et al. 2013; Gupta et al. 2015). Acute intoxication from
mercuric salts, typically mercury chloride (HgCl.), mainly targets the kidney and liver.
Therein, mercury is readily accumulated, resulting in deleterious effects through the increased
generation of free radicals, leading to oxidative stress (Uma et al. 2012; Othman 2014). As
such, natural compounds exhibiting antioxidant properties have been suggested to inhibit
HgCl, induced toxicity (Gado and Aldahmash 2013).

Dolichandra unguis-cati, commonly known as "unha-de-gato”, is a native climbing plant
belonging to the Bignoniaceae family and found in South America, as well as in Egypt and
western India. Widely used for ornamental and phamacological purposes, this plant has been
used in folk medicine to several ends, including the treatment of tumors, snake bite, fever,
rheumatism, diarrhea and inflammatory reactions (Lorenzi and Matos 2008; Aboutabl et al.
2008; Siqueira et al. 2014). The biological actions reported are closely related to its chemical
composition so far identified, which includes phenolic compounds with remarkable
antioxidant properties (Pereira et al. 2016; Aboutabl et al. 2008; Duarte et al. 2000).
Therefore, the aim of this study was to evaluate the antioxidant activity and the mitigating
effect of the crude extract of Dolichandra unguis-cati leaves (CELD) on the hepato- and
nephro-toxicities induced by mercuric chloride.

2. Materials and methods
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2.1.Plant material
Fresh leaves of Dolichandra unguis-cati were collected in Santa Maria (Rio Grande do
Sul, Brazil) in October 2014 (coordinates 29°38°50,38242”S and 53°41°16,49497”°W) and
submitted to identification and authentication by Prof. R.A. Zachia. A voucher specimen
(No. SMDB 15442 ) was deposited in the herbarium of the Department of Biology at
Universidade Federal de Santa Maria. The leaves were dried in an air-circulating oven,
powdered in a knife mill and, then, macerated with 70% ethanol at ambient temperature
for 21 days, being shaken daily. At the end of this period, the macerate was filtered and
concentrated in a rotary evaporator (Buchi RII), then lyophilized.

2.2.Chemical and reagents
Distilled water was used as solvent and all chemicals were of analytical grade. Methyl
alcohol, chloroform, tween 40, ascorbic acid, epinephrine, HgCl., B-carotene, linoleic
acid, BHT and DPPH were obtained from Sigma Aldrich (St. Louis, MO, USA). Folin
ciocalteau, butyl alcohol, ethyl alcohol and hydrochloric acid were purchased from Merck
Millipore (Darmstadt, Germany).

2.3. Antioxidant capacity in vitro

2.3.1. Scavenging activity on DPPH
Radical scavenging activity of CELD against 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical was determined spectrophotometrically following the method
described by Choi et al (2002), with slight modifications. Basically, 2.5 mL of
seven different concentrations of CELD (ranging from 3.125 pg/mL to 200
pg/mL) were added to 1 mL of DPPH 0.03 mM, in triplicate. The resulting
mixtures were allowed standing in a dark room for 30 min. At the end of this
period, the absorbance was measured at 518 nm and the percentage scavenging
capacity (%SC) was determined following the equation:

%SC =100—{[ (SA-BA)+CA]x100}

SA = Sample absorbance (CELD or ascorbic acid: 3.125 pg/mL to 200 pg/mL);
BA = Blank absorbance; CA = Control absorbance

Subsequently, the 1Cso was calculated from linear regression of the plots, where
the abscissa represented the concentration of CELD/Ascorbic acid and the
ordinate represented the average percent of scavenging capacity from three
replicates. Ascorbic acid was used as a standard compound. The blank of each
concentration was represented by 2.5 mL of CELD + 1 mL of ethanol. The
negative control was composed by 2.5 mL of ethanol + 1 mL of DPPH 0.03 mM.

2.3.2. B-carotene/linoleic acid assay
The evaluation of the antioxidant activity through p-carotene/linoleic acid assay
was determined spectrophotometrically, according to Mokbel and Hashinaga
(2006), with slight modifications. In this test, an emulsion was prepared mixing
3.34 mg of B-carotene, 1 mL of chloroform, 40 mg of linoleic acid and 400 mg of
Tween 40, followed by the complete elimination of chloroform, via rotary
evaporation, and resuspension of the residue with 5 mL of distilled water
saturated with oxygen (100 mL of 0.01M H,0,). In triplicate, 100 pL of CELD
(50 pg/mL) were added to 2 mL of the emulsion; the control was composed by 2
mL of emulsion and 100 pL of methanol; the blank received 100 pL of CELD
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plus an emulsion without B-carotene; BHT (50 pg/mL) was used as a standard
compound. The spectrophotometric measurement was carried out at 470 nm,
using the blank to zeroing the spectrum. After the first reading, all tubes were kept
at 50°C, and measured every 20 minutes, for 120 minutes. The B-carotene
percentage of oxidation inhibition (%OI) was calculated according to the formula:

%01 = {1-[ (SA(0) — SA(120) ) + (CA(0) —~CA(120)) ]} x100

SA = Sample absorbance (CELD or BHT at 50 pg/mL); CA = Control
absorbance; 0 = Initial absorbance; 120 = Last absorbance

2.4. Animals and experimental protocol
Male Wistar albino rats (n=24), weighting 180-200g were obtained from the Biotério
Central da Universidade Federal de Santa Maria. After an acclimatization period of one
week, the animals were randomly distributed into 4 groups (6 rats per group) and housed
in polypropylene cages with 40 X 33 X 16 cm of dimension at a temperature of 23 + 2°C,
with 45-55% of relative humidity and a 12:12 h light/dark cycle. They were provided free
access to clean drinking water and commercial food pellets. All experimental procedures
were approved by the Ethics and Animal Welfare Committee of Universidade Federal de
Santa Maria (CEUA No. 7668030316).
In accordance with Oda and EI-Ashmawy (2012), groups 1 (control) and 2 (HgCl.) were
orally treated with distilled water for 7 days; Groups 3 (CELD+HgClI,) and 4 (CELD)
were orally treated with CELD at 400 mg/kg during 7 days. On the 7" day, two hours after
the respective administration by oral gavage, animals from group 1 and 4 subcutaneously
received normal saline (0.9%), while the rats from group 2 and 3 got subcutaneous
injections of HgCl. (5 mg/kg) to induce acute liver and Kidney failure. After 24 hours of
subcutaneous treatments, the animals were euthanized after anesthesia and blood
collection by cardiac puncture; target organs (liver and kidney) were subsequently
removed for tissue analysis.

2.5. Blood analysis
Biochemical and hematological parameters were determined in the blood collected by
cardiac puncture. For the biochemical evaluation, the blood was allowed to clot in tubes
without anticoagulant before centrifugation (4000 rpm for 10 min), in order to obtain the
serum. Commercially available test kits (Diagnostic Kits Laboratory Bioclin/Quibasa,
Minas Gerais, Brazil) and a semi-automatic analyzer (Genz, Bioplus: Bio-2000) were
utilized for the assessment of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), blood urea nitrogen (BUN) and creatinine (CRE). For the hematological analysis,
tubes containing EDTA were used and the total blood obtained was subject to an
automatic veterinary counter Mindray BC 2800 for the evaluation of red blood cells
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean
cell corpuscular hemoglobin concentration (MCHC), platelets (PTL) and leukocytes’ total
(WBC) and differential counts.

2.6. Oxidative stress/Antioxidant status in vivo
After euthanasia, liver and kidney samples were washed and homogenised in cold
physiological saline, followed by centrifugation at 3500 rpm for 10 min. The supernatants
were separated and stored at -80°C until their convenient use in the spectrophotometric
subsequent tests.

2.6.1. Lipid peroxidation
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As described by Buege and Aust (1978), TBARS method was used to access the
lipid peroxidation (LPO) estimation. To perform this test, 250 pL of liver or
kidney samples, 750 uL of trichloroacetic acid 10%, 500 pL of thiobarbituric acid
0.67% and 250 uL of distilled water were incubated for 15 minutes at 100°C.
Posteriorly, 1.5 mL of n-butyl alcohol were added in order to extract the apolar
product from the aqueous solution. The sample were centrifuged for 10 minutes at
3000 rpm and the supernatants were analyzed at 535 nm.

2.6.2. Antioxidant enzymatic determinations
Following the method of Sun and Zigman (1978), superoxide dismutase (SOD)
activity was determined by its ability to inhibit the autoxidation of epinephrine,
which is detected at 480 nm. Briefly, 2.95 mL of sodium carbonate buffer
(0.05M) pH 10.2 were mixed with 0.02 mL of liver or kidney homogenates and
0.03 mL of epinephrine in hydrochloric acid 0.005N. Readings were taken every
15 seconds, in a total of 60 seconds.
Catalase (CAT) activity was measured as the rate constant of hydrogen peroxide
(H202) decomposition, resulting in a loss of absorbance at 240 nm (Aebi 1983).
The reaction mixture contained 40 pL of liver or kidney homogenates, 2.86 mL of
TFK and 105 pL of H20.. Readings were taken every 15 seconds, in a total of 60
seconds.

2.7. Statistical analysis
The data are expressed as mean = S.D. The results were analyzed by two-way analysis of
variance (ANOVA), followed by Tukey post-hoc test. The differences between groups
were considered to be statistically significant when p < 0.05.

3. Results

3.1. Antioxidant capacity in vitro
The antioxidant activities of different concentrations of CELD and ascorbic acid (AA) in
terms of DPPH scavenging capacity (SC) are displayed in Table 1. Acting as a standard
compound, ascorbic acid predictably presented remarkable antioxidant capacity, showing
SC percentages above 90% from the concentration of 12.5 pg/mL. The CELD
demonstrated potential antioxidant property, in a concentration-dependent manner,
reaching values of SC above 90% from the concentration of 100 pg/mL, wherein the
highest concentration (200 pg/mL) also presented the best activity (95.52% of SC).
Through the linear regression of plots, CELD presented 29.18 pug/mL of ICsp (y = 1.565x
+4.339) and AA showed 5.86 pg/mL (y = 6.951x + 9.278) in the same parameter.
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Table 1
DPPH scavenging capacity of CELD and ascorbic acid

Concentration (pug/mL) SC (%)
CELD AA
200 95.52 + 2.86 96.88 + 0.14
100 90.04 + 1.64 96.65 + 0.42
50 7149+ 4.76 96.42 £ 0.14
25 43.09 £ 1.08 96.36 + 0.18
12,5 25.09+2.98 96.12 +0.36
6.25 13.34£0.80 52.29 + 0.69
3.125 7.38+0.86 31.29+0.50

Data are expressed as mean + S.D. DPPH scavenging capacity (SC), Crude extract of
Dolichandra unguis-cati leaves (CELD), Ascorbic acid (AA)

The B-carotene/linoleic acid assay is based on the discoloration of f-carotene when
oxidized by free radicals formed from linoleic acid structure in elevated temperatures,
which is detected in loss of absorbance at 470 nm. In this experiment, the addition of
CELD (50 pg/mL) inhibit the B-carotene oxidation in approximately 39%, while the
synthetic antioxiant standard utilyzed (BHT at 50 pg/mL) was able to inhibit the oxidation
in about 70%.

3.2.Biochemical and hematological parameters

As shown in Table 2, HgCl; injection induced hepatic and renal dysfunction in both
groups 2 and 3. In relation to biochemical parameters, we could observe that the presence
of mercury caused an increase in the activity of AST and ALT, as well as elevated levels
of BUN and CRE, in comparison to group 1. Interestingly, the pre-treatment of animals
with CELD (group 3) was able to mitigate the elevation of such parameters. Considering
the hematological analysis (Table 3), we observed that group 3 had increased level of
leukocytes, in comparison to groups 1, 2 and 4. The administration of mercury caused an
increase of neutrophils and decrease of lymphocytes levels, while the pre-treatment with
CELD (group 3) mitigated these changes. Moreover, the results demonstrate that rats from
group 4 did not present any significant modifications, when compared to group 1. The
values of RBC, HGB, HCT, MCV, MCHC, PTL, monocytes, eosinophils and basophils
presented no significant alterations between groups.

Table 2
Effect of CELD (400 mg/kg), mercury and their combination on serum biochemical parameters of rats
Biochemical Study group
parameters Group 1 (Control) Group 2 (HgCly) Group 3 Group 4 (CELD)
(CELD+HgCl,)
AST (U/L) 110.283 + 40.7312 639.767 + 117.827° 457.267 = 132.031°¢ 103.450 + 8.940?
ALT (U/L) 56.167 + 2.229° 96.333 + 19.033° 65.667 £ 10.967°¢ 58.000 £ 6.419¢
BUN (mg/dL) 50.217 £ 5.615% 233.133 + 37.847° 160.783 + 15.438° 51.817 + 8.026°
CRE (mg/dL) 0.467 + 0.0522 2.550 +0.302° 1.733 £0.378° 0.483 + 0.041°

Values are expressed as mean + S.D. Two-way ANOVA followed by Tukey test (n = 6). Aspartate
aminotransferase (AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), creatinine (CRE) and
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Dolichandra unguis-cati leaves (CELD). Values not sharing a common superscript letter differ significantly.
The values were considered to be significantly different when p < 0.05.

Table 3
Effect of CELD (400 mg/kg), mercury and their combination on hematological parameters of rats

Hematological Study group

parameters Group 1 Group 2 (HgCly) Group 3 (CELD+HgCIl;)  Group 4 (CELD)
(Control)
RBC (X10%/uL) 7.637 £0.4312 7.520 + 0.670? 7.543 +0.422% 7.743 £ 0.426°
HGB (g/dL) 13.517 + 0.8682 13.783 + 1.469° 13.400 £ 0.7722 14.167 £ 0.7172
HCT (%) 44,733 £ 2.505? 45.817 + 4.883? 44.350 £ 2.815? 45.500 + 2.460°
MCV (fL) 58.667 + 0.6442 59.417 + 1.091° 58.833 £ 0.889? 58.633 £ 1.0442
MCHC (g/dL) 30.167 £ 0.450° 30.050 + 0.351° 30.200 + 0.5022 30.550 £ 0.4512
PLT (X10%uL) 968.167 £ 94.334*  877.000 + 135.636% 889.833 £ 132.881*° 935.667 + 114.6332
WBC (X10%/uL) 7.583 + 1.2642 5.817 £ 1.160* 9.833 + 2.000° 7.533+0.774%
Lymphocytes (%)  77.000 + 7.975° 35.00 + 7.720° 59.66 + 5.922° 76.83 + 4.309?
Neutrophils (%) 21.50 + 8.216% 62.00 * 8.649° 35.50 + 7.0927 18.33 + 3.141°
Monocytes (%) 1.33+0.516° 1.83 £ 1.329? 3.33 £2.2512 2.83 +1.835?
Eosinophils (%) 0.33+0.816° 0.667 £ 1.0332 0.667 £ 0.516° 1.00 + 0.8942
Basophils (%) 0.00 = 0.0002 0.00 = 0.000% 0.00 = 0.0002 0.00 + 0.000?

Values are expressed as mean + S.D. Two-way ANOVA followed by Tukey test (n = 6). Red blood cells
counts (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean cell
corpuscular hemoglobin concentration (MCHC), platelets (PLT), leukocytes (WBC) and Dolichandra
unguis-cati leaves (CELD). Values not sharing a common superscript letter differ significantly. The values
were considered to be significantly different when p < 0.05.

3.3. Oxidative stress/Antioxidant status in vivo

Figure 1 shows that the administration of HgCl, caused a significative increase in the lipid
peroxidation in group 2, which is evidenced by the elevation of LPO levels in kidney and
liver, when compared to group 1. The pre-treatment with CELD 400 mg/kg (group 3)
significantly reduced the LPO near to normal levels in liver and showed even more
remarkable activity in the kidney, in which the LPO reached lower values than the group 1.
The plant extract alone (group 4) did not show any statistical significant variation in the
parameters above when compared to group 1 (graphics A and B). Moreover, the activities of
the antioxidant enzymes SOD and CAT were reduced after administration of mercury, in
group 2. The pre-treatment with CELD (group 3) was able to revert this effect, significantly
increasing the activities of these enzymes, in both renal and hepatic tissues. No significant
changes were observed in animals from group 4 in comparison to those from group 1
(graphics C, D, E and F).
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Effect of CELD (400 mg/kg), mercury and their combination on lipid peroxidation and antioxidant enzymes
activities in liver and kidney tissues. Columns represent the mean + S.D (n = 6). Lipid peroxidation (LPO),
superoxide dismutase (SOD), catalase (CAT) and Dolichandra unguis-cati leaves (CELD). Bars with the

same symbol indicate statistical similarity.

4. Discussion

The exposure and accumulation of mercury in biological tissues leads to the
development of oxidative stress and thus to severe damage and impairment of the
physiological functions of many vital organs of the organism (Costa-Malaquias et al. 2014).
There exists direct and indirect pathways by which mercury expresses its toxicity and cause
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the oxidative stress. The direct one refers to the formation of free radicals as consequence of
its metabolism by cytochrome P450, which induces an increase of lipid peroxidation
(Madureira et al. 2007). The indirect pathway is based on the affinity that mercury has to
thiols groups present in important antioxidant enzymes, such as catalase and superoxide
dismutase. By forming chemical bonds with these enzymes, mercury causes perturbations in
their three-dimensional conformations, which tend the molecules to lose their native
characteristics and greatly compromise their functions (Sharma et al. 2014). Since superoxide
dismutase is responsible for catalyzing the conversion of superoxide into oxygen and
hydrogen peroxide and catalase complements this function by converting hydrogen peroxide
into oxygen and water, the decreased activity of these enzymes also results in an elevation of
reactive oxygen species (ROS), contributing to increase the oxidative stress (Carillon et al.
2013; Tang et al. 2016).

In the current study, the acute exposure to HgCl; resulted in significant oxidative
stress in animals, evidenced by the increase in the levels of lipid peroxidation and decrease in
the activity of antioxidant enzymes SOD and CAT. The pre-treatment with CELD (group 3)
remarkably attenuated the Hg-induced oxidative damage by restoring the highly increased
hepatic and renal LPO levels to physiological limits, as well as by increasing the activities of
SOD and CAT. The role of CELD in the elimination of the oxidative injuries may be
attributed to its antioxidant properties and ability to scavenge free radicals, as observed in this
study through the DPPH and B-carotene/linoleic acid assays. The plant sample presented
interesting 1Cso (29.18 pg/mL) and 10% (39%) when compared with other works found in the
literature. Neto et al (2016) evaluated the DPPH scavenging capacity of Tanaecium
cyrtanthum (Bignoniaceae) leaves and obtained an ICsq of 43.77 pug/mL; using the same test
system, Parente et al (2016) studied the leaves of Crescentia cujete (Bignoniaceae) and found
an ICsp of 34.01 pg/mL. Tepe et al (2006) determined the 10% of Centaurea mucronifera
(32.2%) and Sideritis libanotica subsp.linearis (38.5%).

The increased concentration of ROS leads to many alterations in the lipid composition
and protein integrity of cells membranes, impairing its physiological functions (Castro et al.
2007), fact that may have contributed to the alterations identified in our work. In relation to
biochemical parameters, we could observe that the administration of mercury increased the
dosages of AST, ALT, BUN and CRE. Serum AST and ALT are sensitive markers of hepato-
cellular damage, while BUN and CRE are considered to be traditional markers for kidney
functions and renal structural integrity, thus the results obtained in our work showed that the
administration of mercury was able to cause hepato- and nephro-toxicities (Gowda et al. 2010;
Ramaiah 2011). Considering the hematological parameters, rats exposed to mercury had
higher values of neutrophils than lymphocytes, which represents an inversion of physiological
values for Wistar rats, a fact known to be consequence of oxidative stress (EI-Boshy et al.
2015).

Another interesting result obtained in this study suggest that pre-treatment with CELD
at 400 mg/kg inhibited part of Hg-induced liver and kidney damage as evidenced by decreased
dosages of AST, ALT, BUN and CRE. This finding indicates that CELD tends to mitigate
liver and kidney lesions by amending the integrity and fuctions of the cells membrane.
Consequently, the leakage of hepatocytes' intracellular constituents into the blood is
suppressed and the kidney' blood filtration system is improved, exhibiting hepato- and nephro-
protective activities, respectively (Cheung and Lafayette 2013; Leamy et al. 2013). Moreover,
pre-treatment with CELD was also able to reverse the hematological inversion of neutrophils
and lymphocytes and caused animals from group 3 to present higher values of WBC, which
indicates an improvement in the organism's antioxidant defenses, in response to tissue damage
caused by HgCl, (Maheswaran et al. 2008). Our results are in agreement with some studies
found in the literature that demonstrate protective effects of natural compounds against
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intoxications caused by heavy metals (Kumar et al. 2013; Dewanjee et al. 2013; Ercis et al.
2015; Gao et al. 2016).

The beneficial activities of CELD against an acute intoxication by HgCl; identified in
this study may be directly related to the biological properties of chemical compounds found in
this extract. A previous UHPLC/MS-study from our research group identified the presence of
chlorogenic acid, vanillinic acid, caffeic acid, p-coumaric acid, ferulic acid, rutin, rosmarinic
acid, quercitrin, trans-cinnamic acid, quercetin, luteolin and apigenin (Brondani et al. 2016).
Many studies have demonstrated the potent ROS-scavenging activity of these compounds and
their ability to mitigate the toxic effects of various xenobiotics, mainly at hepatic and renal
levels. Zhao et al (2014) demonstrated the synergistic protective effect of chlorogenic acid,
apigenin and caffeic acid against carbon tetrachloride-induced hepatotoxicity in mice.
Domitrovic et al (2014a,b) showed the nephroprotective effect of rosmarinic acid and
chlorogenic acid in cisplatin-induced kidney injury. Shi et al (2013), Yang et al (2014) and Ali
et al (2016) also indicated the hepatoprotective effect of chlorogenic acid and quercetin.
Therefore, the hepato- and nephro-protection of CELD identified in our study may be
attributed to the antioxidant capacity of its chemical constituents.

5. Conclusion

Our results demonstrated that the administration of mercuric chloride caused lipid
peroxidation, depletion of antioxidant enzymes and alterations in biochemical and
hematological parameters. The hydroethanolic extract of Dolichandra unguis-cati leaves
contained compounds with antioxidant properties, which may explain its ability to attenuate
the damages caused by chloride mercury poisoning, through improvements in biochemical and
hematological parameters, as well as restoration of the redox balance.
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3 DISCUSSAO

A utilizacdo de plantas medicinais para prevencdo e tratamento de
enfermidades é conhecida desde tempos remotos, sendo que a sua aplicacdo na
terapéutica foi sendo moldada com base no conhecimento empirico popular. Contudo,
esta pratica é frequentemente associada a limitacdes na elucidacéo das propriedades
farmacoldgicas e toxicoldgicas dos compostos vegetais, constituindo, assim, um real
problema de saude publica. Neste trabalho, realizamos diferentes abordagens para a
melhor compreenséao do perfil toxicolégico de Dolichandra unguis-cati, seja através de
ensaios in vitro como por ensaios in vivo, bem como para a identificacdo de
propriedades biologicas e da composicao fitoquimica.

Partindo-se de estudos in vitro, observamos que o extrato bruto das folhas de
Dolichandra unguis-cati (CELD) ndo apresentou atividades genotdxica e mutagénica
em nenhuma das concentragdes testadas (1, 10 e 100 pg/mL), o que representa um
resultado de fundamental importancia, uma vez que expressa a incapacidade dos
constituintes vegetais desta espécie em interagir com o material genético e,
consequentemente, causar lesbes celulares reversiveis e/ou irreversiveis e o

aparecimento de tumores (MURPHY et al.,, 2013). Mais ainda, a diminuicdo da
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viabilidade celular que CELD (10 e 100 pg/mL) apresentou, de maneira dose-
dependente no estudo de citotoxicidade, pode representar um potencial efeito anti-
tumoral desta planta (BEZERRA et al., 2008), ideia que, no entanto, necessita de
estudos mais aprofundados com relacédo a especificidade e reprodutilibilidade desta
acdo quando testada em células tumorais.

Posteriormente, procedemos com o0s estudos ex vivo de maneira a
complementar os dados obtidos pelos ensaios in vitro, na medida em que fatores
bioldgicos influenciam no comportamento toxicolégico de um xenobidtico. Como
citado anteriormente, o estudo agudo avalia a toxicidade de uma substancia
administrada em dose Unica ou multiplas durante um periodo de 24 horas, enquanto
gue na exposicdo subaguda séo utilizadas pelo menos trés doses, administradas
diariamente por um periodo de 28 dias. No experimento agudo, observamos que o
tratamento com CELD na dose de 2000 mg/kg ndo causou mortalidade nem
mudancas no peso corporal e no comportamento dos ratos. De acordo com a OECD
423, desde que todos os animais sobreviveram até o dia da eutanasia programada, o
extrato pode ser considerado de baixa toxicidade e deve ser incluido na categoria 5
do respectivo guia, com uma DLsp estimada entre 2000-5000 mg/kg (OECD 407, 1995;
OECD 423, 2001). Este experimento foi ainda complementado com o teste de
letalidade in vitro frente Artemia salina, o qual indicou uma CLso de 3539.54 ug/mL,
reiterando a baixa toxicidade da planta.

Com relacéo ao estudo de 28 dias, observamos que a administracdo de CELD,
nas doses de 100, 200 e 400 mg/kg, nhovamente ndo ocasionou a morte de animais,
bem como nao levou a alteragdes comportamentais e no peso corporal. Em ambos os
estudos ex vivo citados, as altera¢gdes bioquimicas encontradas, relativas as dosagens
de AST e ALT mostraram que, além de ndo exercer um efeito hepatotéxico, CELD
indicou possuir uma possivel atividade protetora para o figado. O extrato mostrou-se
ainda possivelmente util na prevencédo de dislipidemias e no tratamento de suas
consequéncias, ao diminuir as dosagens de colesterol total, em ambos 0s sexos, apés
o tratamento subagudo (GRUNDY, 2013). As demais alteragbes bioquimicas e
hematologicas identificadas encontraram-se dentro dos limites fisiolégicos,
possivelmente representando idiossincrasias e variacfes individuais dos animais, nao
indicando, portanto, toxicidade. Além disso, por nao ter exercido efeito toxico a nivel
oxidativo nos estudos agudo e subagudo, ou seja, pelo balanco redox dos animais ter

permanecido em equilibrio apos as administracdes de CELD, ndo houve um aumento
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na peroxidacéo lipidica e o organismo dos animais ndo necessitou aumentar a
producdo de suas defesas antioxidantes, fato identificado pela inalteragdo nas
determinacdes de TBARS e CAT em homogenados de figado e rim.

Apoés a avaliacao do perfil toxicolégico e a indicacdo de baixa toxicidade do
extrato, procedemos com estudos visando a identificacdo de propriedades
farmacoldgicas desta planta para justificar seus usos populares, bem como para
sugerir novas aplicacfes na terapéutica. O primeiro estudo visou identificar a atividade
antioxidante do extrato, através dos ensaios com DPPH e B-caroteno. Os resultados
indicaram que CELD apresentou atividade sequestradora do radical livre DPPH, com
um ICso de 29.18 pg/mL, valor abaixo do encontrado para muitas outras espécies
vegetais estudadas na literatura (NETO et al., 2016; PARENTE et al., 2016). Além
disso, combateu a acdo dos radicais livres resultantes da auto-oxidacdo do acido
linoleico e, assim, impediu em 39% a oxidag&o do B-caroteno, resultado que reforca a
potencial atividade antioxidante exercida pelo extrato. Essa acdo antioxidante
identificada pode contribuir para justificar muitas das aplicacfes terapéuticas desta
espécie, como por exemplo, seu uso no tratamento de inflamacdes, febre e
reumatismo (GONCALVES et al., 2013; WITAICENIS et al., 2014).

Os possiveis efeitos hepatoprotetores de CELD sugeridos nos experimentos de
toxicidade aguda e subaguda, juntamente com a atividade antioxidante observada nos
estudos com DPPH e B-caroteno, indicaram uma potencial aplicacao terapéutica até
entdo desconhecida para esta espécie vegetal, a atividade protetora frente intoxicagao
por mercurio. Sabe-se que o aumento na producédo de radicais livres e a inibicdo de
enzimas antioxidantes estdo entre 0s principais mecanismos de acdo téxica do
mercurio (UMA et al., 2012), o que claramente foi identificado nos animais expostos
ao metal, através de uma consideravel elevacéo da peroxidacao lipidica e diminui¢ao
na atividade das enzimas antioxidantes SOD e CAT.

Por se tratar de um metal pesado extremamente tOXicO e agressivo ao
organismo, o mercurio induz uma situagdo de estresse oxidativo, desregulando o
equilibrio natural existente entre espécies reativas e compostos antioxidantes
(FARINA et al., 2013). Ao contrario do que foi observado nos experimentos de
toxicidade ex vivo, nos quais ndo havia um agente agressor causando este
desequilibrio, no ensaio com mercurio, em face a situacdo de desbalanco redox,

CELD (400 mg/kg) demonstrou atividade protetora através da diminuicdo do processo
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de peroxidacao lipidica e da restauracdo na atividade das enzimas antioxidantes SOD
e CAT.

Consequentemente, o extrato melhorou as propriedades fisioldgicas das
membranas celulares (diminuindo o extravazamento de constituintes do meio
intracelular) e o funcionamento de orgaos vitais ao organismo, os quais foram
severamente danificados ap0s a exposicdo mercurial. Desta maneira, ao analisar
parametros bioquimicos, verificamos uma diminuicdo no aumento de AST, ALT, BUN
e CRE, importantes marcadores de danos hepaticos e renais, respectivamente
(GOWDA et al., 2010; RAMAIAH, 2011). Além disso, considerando-se 0s parametros
hematol6gicos, o extrato reverteu a inversdo entre linfocitos e neutréfilos
(consequéncia do estresse oxidativo) e aumentou os niveis de WBC, indicando um
possivel estimulo a resposta imune (MURUVE et al., 2008).

As ac0es bioldgicas consubstanciadas neste trabalho podem ser relacionadas
aos constituintes quimicos identificados e quantificados nas folhas de Dolichandra
unguis-cati, muitos dos quais sabidamente exercem efeitos benéficos ao organismo.
Através de UHPLC/MS foram identificados, em ordem decrescente de concentracao,
acido clorogénico, acido cafeico, &cido vanilinico, rutina, luteolina, &cido ferulico, &cido
p-cumarico, &cido rosmarinico, acido trans-cinamico, apigenina, quercitrina e
quercetina. Os métodos espectrofotométricos utilizados ainda forneceram
informacBes a respeito da quantidade global de polifendis, flavondides e taninos
condensados, as quais complementaram o entendimento acerca da composicao
quimica desta espécie. Nesse sentido, varios dos bioativos mencionados destacam-
se pela reconhecida atividade antioxidante, efeitos hepato e nefroprotetores e acao
hipocolesterolémica; tais propriedades ratificam os achados cientificos obtidos nesse
trabalho (ALI; HASSAN; ABDRABOU, 2016; SHI et al., 2013; ZHAO et al., 2014).

4 CONCLUSAO

Através dos estudos realizados com o extrato bruto hidroetandlico das folhas

de Dolichandra unguis-cati (CELD), péde-se concluir que:

o O estudo sobre a composicéo fitoquimica de CELD por UHPLC/MS permitiu

detectar e quantificar a presenca de 12 compostos: acido clorogénico, acido
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cafeico, &cido vanilinico, rutina, luteolina, acido ferdlico, acido p-cumaérico,

acido rosmarinico, acido trans-cinamico, apigenina, quercitrina e quercetina;

o Os ensaios in vitro demonstraram a auséncia de genotoxicidade e
mutagenicidade do extrato nas concentragfes de 1, 10 e 100 pg/mL. Além
disso, o extrato nas doses de 10 e 100 pg/mL apresentou uma potencial

atividade anti-tumoral pela acéo citotéxica;

o Os tratamentos ex vivo, agudo e subagudo, de ratos Wistar com CELD né&o
causaram a letalidade de nenhum animal, assim como ndo resultaram em
alteracdes toxicas relativas as andlises sanguineas, comportamentais e de

peso corporal, sendo o extrato considerado de baixa toxicidade pela OECD;

o O ensaio de letalidade por Artemia salina ratificou a baixa toxicidade do extrato

ao indicar uma DLso de 3539,54 pg/mL;

o Ambos os estudos ex vivo indicaram que, além de ndo possuir acado
hepatotoxica, CELD pode apresentar propriedades hepatoprotetoras. Além
disso, no estudo de toxicidade subaguda, identificou-se uma possivel atividade

hipocolesterolémica;

o O extrato apresentou capacidade antioxidante através do sequestro do radical

livre DPPH e da inibicdo da oxidagao do 3-caroteno;

o O extrato foi capaz de reduzir os efeitos nocivos da intoxicacao aguda de ratos
Wistar por mercurio, mitigando alteracdes em dosagens sanguineas (AST,
ALT, BUN e CRE), bem como diminuindo o processo de peroxidacéo lipidica e

restabelecendo a atividade das enzimas antioxidantes SOD e CAT;

Sendo assim, as atividades farmacoldgicas identificadas nesse estudo,
juntamente com o baixo grau de toxicidade do extrato ressaltam a importancia da
espécie na terapéutica e estimulam a continuidade de pesquisas para a identificacao

de novas propriedades bioldgicas aplicaveis.
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PERSPECTIVAS FUTURAS

Com base nos resultados obtidos em nosso trabalho, sugere-se a realizacao
de estudos futuros, como por exemplo: testar a atividade citotoxica do extrato frente a
células de diferentes linhagens tumorais; testar a atividade hipocolesterolémica do
extrato em ratos com dislipidemia induzida; isolar e caracterizar novos componentes
bioativos presentes no extrato e avaliar a aplicabilidade da planta para outros fins

terapéuticos.
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ANEXO A - CERTIFICADOS DE APROVACAO DA COMISSAO DE ETICA NO

USO DE ANIMAIS - UFSM

Comissiio de Etica no Uso de Amimais
da

Universidade Federal de Santa Maria

CERTIFICADO

Certificamos que a proposta intitulada "Estudo fitoquimico, toxicolégico e avaliagdo da atividade antioxidante das folhas de
Dolichandra unguis-cati..", protocolada sob o CEUA n? 7715120115, sob a responsabilidade de Melania Palermo Manfron e
equipe; Juliana Calil Brondani; Andreia Regina Haas da Silva; Fernanda Ziegler Reginato; Liliane de Freitas Bauermann - que
envolve a produgdo, manutengao e/ou utilizagdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem),
para fins de pesquisa cientifica ou ensino - esté de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto
6.899 de 15 de julho de 2009, bem como com as normas editadas pelo Conselho Nacional de Controle da Experimentagao Animal
(CONCEA), e foi aprovada pela Comissao de Etica no Uso de Animais da Universidade Federal de Santa Maria (CEUA/UFSM) na
reuniao de 02/03/2015.

We certify that the proposal "Phytochemical studies, toxicology and evaluation of the antioxidant activity of Dolichandra unguis-
cati leaves ", utilizing 64 Heterogenics rats (males and females), protocol number CEUA 7715120115, under the responsibility of
Melania Palermo Manfron and team; Juliana Calil Brondani; Andreia Regina Haas da Silva; Fernanda Ziegler Reginato; Liliane de
Freitas Bauermann - which involves the production, maintenance and/or use of animals belonging to the phylum Chordata,
subphylum Vertebrata (except human beings), for scientific research purposes or teaching - is in accordance with Law 11.794 of
October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National Council for Control of Animal
Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the Federal University of Santa Maria
(CEUA/UFSM) in the meeting of 03/02/2015.

Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 04/2015 a 12/2015 Area: Farmdcia Industrial
Origem: Biotério Central UFSM

Espécie: Ratos heterogénicos sexo: Machos e Fémeas idade: 7 a 7 semanas N: 64
Linhagem: Wistar Peso: 200a250¢g

Resumo: Desde os tempos mais remotos, as plantas medicinais tém seu uso descrito por praticamente todos os povos. A partir dos
conhecimentos tradicionais do uso das plantas medicinais na busca de solugdo de algum mal-estar ou a cura de alguma doenca,
surgiram interesses comerciais e cientificos (MENGUE, 2001). Dolichandra unguis-cati, popularmente conhecida como unha-d-
-gato, é uma planta nativa de norte a sul do Brasil, além de ser encontrada no Egito e india Ocidental. Sua composicao quimica
inclui compostos como: corimboside, vicenina-2, quercitrina, dcido clorogénico, acido isoclorogénico, lupeol, b-sitosterol, b-sit-
-sterilglicosideo, alantoina and lapachol (DUARTE et al, 2000). Seu uso na medicina atual é bastante amplo. Estudos relatam
atividades, tais como: acgao anti-inflamatoria, diurética, para tratamento da malaria, doengas venéreas, picada de cobra, diarréia,
febre, tosse, reumatismo, entre outras. Entretanto, apesar do amplo emprego desta planta na medicina popular, ha pouca
comprovacao cientifica de suas propriedades farmacolégicas, eficicia e seguranca de seu uso (LORENZI E MATOS, 2008). Assim,
torna-se importante avaliar a toxicidade de seu extrato bruto de forma aguda, na qual serd administrada oralmente uma dose
Unica de 2000 mg/Kg em ratos machos e fémeas para observagoes fisicas, comportamentais e testes bioquimicos. Bem como,
avaliar a toxicidade através de um estudo subagudo em ratos machos e fémeas, durante 28 dias, em diferentes concentragdes do
extrato bruto (100, 200 e 400 mg/Kg), o qual indicard se hd um acimulo de toxicidade com o uso continuo do extrato da planta,
quando utilizado para um tratamento que requer doses didrias.

Local do experimento: Laboratério da Fisiologia experimental no prédio 21

Santa Maria, 20 de novembro de 2016

Profa. Dra. Daniela Bitencourt Rosa Leal Prof. Dr. Denis Broock Rosemberg
Coordenadora da Comissao de Etica no Uso de Animais Vice-Coordenador da Comissao de Etica no Uso de Animais
Universidade Federal de Santa Maria Universidade Federal de Santa Maria

Avenida Roraima, 1000, Reitoria, 22 andar - CEP 97105-900 Santa Maria, RS - tel: 55 (55) 3220-9362 / fax:
Horério de atendimento: das 8:30 &s 12h e 14h ds 17hs : e-mail: ceua.ufsm@gmail.com
CEUAN 7715120115
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CERTIFICADO

Certificamos que a proposta intitulada "Avaliacdo dos efeitos nefro e hepatoprotetores de Dolichandra unguis-cati frente a
exposigao mercurial in vivo.", protocolada sob o CEUA n? 7668030316, sob a responsabilidade de Melania Palermo Manfron e
equipe; Juliana Calil Brondani; Andreia Regina Haas da Silva; Fernanda Ziegler Reginato; Liliane de Freitas Bauermann - que
envolve a produgdo, manutengao e/ou utilizagdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem),
para fins de pesquisa cientifica ou ensino - esta de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto
6.899 de 15 de julho de 2009, bem como com as normas editadas pelo Conselho Nacional de Controle da Experimentagao Animal
(CONCEA), e foi aprovada pela Comissdo de Etica no Uso de Animais da Universidade Federal de Santa Maria (CEUA/UFSM) na
reunido de 19/05/2016.

We certify that the proposal "Evaluation of the reno and hepatoprotective effects of Dolichandra unguis-cati against mercury
exposure in vivo", utilizing 24 Heterogenics rats (24 males), protocol number CEUA 7668030316, under the responsibility of
Melania Palermo Manfron and team; Juliana Calil Brondani; Andreia Regina Haas da Silva; Fernanda Ziegler Reginato; Liliane de
Freitas Bauermann - which involves the production, maintenance and/or use of animals belonging to the phylum Chordata,
subphylum Vertebrata (except human beings), for scientific research purposes or teaching - is in accordance with Law 11.794 of
October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National Council for Control of Animal
Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the Federal University of Santa Maria
(CEUA/UFSM) in the meeting of 05/19/2016.

Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 08/2015 a 08/2017 Area: Farmdcia Industrial
Origem: Biotério Central UFSM

Espécie: Ratos heterogénicos sexo: Machos idade: 5a 6 semanas N: 24
Linhagem: Wistar Peso: 150a200g

Resumo: O mercurio € um metal liquido pesado branco-prateado, inodoro, de facil volatilizagdo e amplamente distribuido no
ambiente, envolvido em diversos processos geoldgicos naturais. Pode-se apresentar sob trés formas quimicas: mercurio elementar,
mercurio inorganico e mercurio organico. Algumas dessas formas possuem caracteristicas extremamente téxicas quando em
contato com o meio ambiente e/ou organismos (AGARWAL e BEHARI, 2007). A absorgdo em humanos se dé principalmente pela via
inalatéria por se tratar de um liquido extremamente volatil, sendo o cérebro e os rins os locais de maior deposigdo. Cerca de 80%
do vapor de mercurio inalado fica retido. Além disso, é o Unico metal absorvido através da pele integra (WHO, 1991).

As atividades industriais e a ingestdo de alimentos contaminados, como por exemplo, peixes, sao as principais fontes de
intoxicacdo humana por este metal (AZEVEDO et al., 2003). Industrialmente, a maior aplicacdo do mercurio metalico se da nos
garimpos, em células eletroliticas para a produgdo do cloro e soda, na fabricacdo de termometros, barémetros, lampadas,
aparelhos elétricos e em amélgamas para uso odontoldgico. A aplicagdo dos compostos inorganicos ocorre principalmente na
industria de eletrodos, polimeros sintéticos e como agentes antissépticos. Dentre as aplicagbes dos compostos orgénicos, se
destaca o uso como fungicida, fumigante e inseticida (KAUR et al., 2006).

Frequentemente, este metal é associado a graves quadros de intoxicagdo, denominados hidrargirismo (KAUR et al., 2006). Dentre
os sintomas de intoxicacdo aguda, podemos citar: formigamento e adormecimento dos Ibios, méos e pés, dores em articulagoes,
estreitamento da visao, dificuldade na audigdo e distirbios emocionais. J& quadros de intoxicagdes severas geralmente causam
movimentos bruscos, vertigem, nduseas, vomitos e diarréia. Além disso, filhos de maes expostas ao metil-mercurio tem
apresentado retardo mental, paralisia cerebral e crises convulsivas (Cano, 2014).

A intoxicagdo por mercurio atinge o organismo de forma geral, acumulando-se em diversos érgaos, como figado, rins, pulméo e
6rgdos do sistema nervoso central e periférico (FRANCO et al., 2006). Os principais mecanismos moleculares que poderiam explicar
as consequéncias genotéxicas do mercurio seriam: estresse oxidativo, agdo sobre a rede de microtibulos e agdo nos mecanismos
de reparo do DNA (Crespo-Lopez et al., 2009).

Alguns antioxidantes podem promover protegao contra a toxicidade do mercurio (DRINGEN, 2000). Assim, torna-se importante
investigar as atividades protetoras de extratos vegetais com acao antioxidante contra intoxicagées por mercurio. Sendo assim, o
extrato bruto hidroalcdolico de D. unguis-cati (200 e 400 mg/Kg), sera administrado, por via i.p., a ratos expostos ao mercurio, a
fim de se avaliar o efeito protetor preventivo desta planta.

Local do experimento: Os experimentos serdo realizados no Laboratério de Fisiologia Experimental, prédio 21, UFSM.

Avenida Roraima, 1000, Reitoria, 22 andar - CEP 97105-900 Santa Maria, RS - tel: 55 (55) 3220-9362 / fax:
Horério de atendimento: das 8:30 &s 12h e 14h ds 17hs : e-mail: ceua.ufsm@gmail.com
CEUAN 7668030316
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Santa Maria, 20 de novembro de 2016

LariiataBfeal, Y
Profa. Dra. Daniela Bitencourt Rosa Leal Prof. Dr. Denis Broock Rosemberg
Coordenadora da Comissao de Etica no Uso de Animais

Vice-Coordenador da Comissao de Etica no Uso de Animais
Universidade Federal de Santa Maria Universidade Federal de Santa Maria
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Universidade Federal de Santa Maria
Brasil

Estimada Dra. Brondani:

En referencia a su articulo titulado: “Determination of cytotoxicity,
genotoxicity and mutagenicity of hydroethanolic extract of Dolichandra
unguis-cati L. leaves in human leukocytes”, de los autores Juliana Calil
Brondani, Lucas Damo Marangoni, Rachel de Lima, Michel Mansur
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ANEXO C — COMPROVANTE DO MANUSCRITO SUBMETIDO AO PERIODICO
JOURNAL OF ETHNOPHARMACOLOGY

Manuscript Details

Manuscript number JEP 2016 181

Tiila Evaluation of acute and subacute toxicity of hydroathanolic extract of
Dolichandra unguis-cali L. leaves in rats

Article type Research Paper

Absftract

Ethnopharmacological relevance: Dolichandra unguis-cati L. is a native: climbing plant of Brazil, popularly known as
“unha de gata”. It has been traditionally used mainly as an anlipyretic, anti-inflammatory and anti-tumor agent, yel litthe
loxicolegical information is found in the literature. Alm of the study: To identify the chemical composition of the
hydroethanolic exiract oblained from the leaves of Dolichandra uniguis-cati and 1o evaluate the acule and subacute
loxicly in malke and female ralg, in order 1o assess tha salely profile of this plant. Matenials and mathoeds: Inlhe acute
sludy, a single dose (2000 mgikg) of the extract was orally administered 1o male and famale rats. In the subacute
sludy, the extract was orally administered to male and famale rals at doses 100, 200 and 400 ma/kg for 28 days.
Behavioral changes, catalase and tbars evaluations, biochemical, hematological and histopalological analysis were
performed in both studies. Arfenia salina was used as a lethality test. The exiract’ chemical compaosition was
accessed through UHPLC/MS. Results: Chlorogenic acid, caffeic acid, ferulic acid, vanillinic acid, p-coumaric acid,
rosmarinic acid. Irans-cinnamic acid, luteolin, apigenin, quercitrin and quencatin werne idenfied in the extract. In the
acute treatment, the extract was classified as safe (calegory 5), according to the OECD guide. In relation o the
subacute study, females showed a reduction in AST (100, 200 and 400 mg/kg), ALT (200 mg/kag) and BUN (100 and
200 mgikg) kevels. Both genders presented a reduction in the Chol desage at all doses and male rals 400 ma/kg
presented an increase in AST levels. No behavioral and histopatological changes were recorded. Conclusions: Our
results indicate that the hydrogthanalic extract of Delichandra unguis-call leaves did not present relevant loxic effects
when administered orally 1o male and female rats. The extract also showed a polential hypocholesterolemic activity.

Kaywords Dolichandra unguis-cali; Acute toxicity, Subacute toxiclty; UHPLC/MS.
Camesponding Author Juliana Calil Brondani
Order of Authors Juliana Calil Brondani, Femanda Ziegler Reginato, Evelyne da Silva Brum,

Marina de Souza Vencato, Cibele Lima Lhamas, Carine Viana Silva, Maria
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