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O uso de recursos naturais como fonte de medicamentos é uma cultura muito antiga entre a
populacdo humana. Devido a essa cultura, existe uma crenca de que produtos naturais nao
causam danos a saude. Porém, muitas plantas medicinais usadas no tratamento de diversas
doencas, quando testadas e avaliadas apresentaram metabdlitos toxicos e causaram danos
a saude. A espécie Randia ferox é conhecida popularmente como “limoeiro-do-mato” e suas
folhnas sdo usadas como cicatrizante e anti-inflamatérias. O presente trabalho objetivou
identificar e quantificar o metabdlitos secundarios usando cromatografia liquida de alta
eficiéncia (CLAE) e avaliar a toxicidade aguda, subaguda e genotixicidade. As folhas da planta
foram maceradas em etanol (70%) por sete dias, com renovacao do solvente. O macerado foi
filtrado e o material concentrado em evaporador rotatério e posteriormente levado a estufa
para obtencdo do extrato bruto (EB). Na avaliagdo do EB no CLAE foi possivel quantificar
guercetina (6,85 mg/g), acido clorogénico (6,38 mg/qg), rutina (5,52 mg/g), quercitrina (2,71
mg/g), luteolina (1,93 mg/g) e acido galico (0,71 mg/g). Em relacdo a avaliacdo da toxicidade,
tanto os ratos machos quanto as fémeas tratadas com 2000 mg/Kg de EB n&o apresentaram
mortalidade ou altera¢des bioquimicas e hematologicas, sendo classificados na categoria 5
(DLso 2000-5000 mg/Kg), de acordo com o Guia da OECD 423. No tratamento subagudo, os
ratos Wistars machos e fémeas foram divididos em grupos que foram tratados com agua
(grupo controle) e com EB nas concentragdes de 100, 200 e 400 mg/Kg. O tratamento durou
28 dias. Nao houve diferenca significativa no ganho de peso e na quantidade ingerida de
comida. No tratamento com as duas maiores concentracdes, observou-se uma diminuicdo na
lipoperoxidagéo, espécies reativas de oxigénio e proteina carbonil no figado de ambos os
sexos, demonstrando uma atividade antioxidante. Na concentragcdo de 400 mg/Kg houve um
aumento do dano no DNA, o que pode ser considerado um efeito toxico dos metabdlitos
presentes no EB. Houve um aumento das espécies reativas de oxigénio no rim das fémeas
em todas as concentracfes, porém nao foi considerado uma atividade nefrotoxica pois nédo
provocou a lipoperoxidacdo e nem alterou outros parédmetros bioquimicos marcadores de
dano renal. Apesar do aumento de colesterol nos machos tratados com 200 e 400 mg/Kg de
EB, nao foi considerado uma hepatoxicidade, pois esta dentro dos valores de referéncias
normais. As fémeas obtiveram aumento na glicose nos dois grupos tratados com a maior
concentracéo do EB, o que sugere uma variagdo hormonal j& que 0 mesmo ndo ocorreu Nos
machos. Os estudos elucidaram algumas caracteristicas fitoquimicas e antioxidantes
descritas pela primeira vez para a espécie. O EB das folhas de Randia ferox apresentou uma
atividade significativamente toxica apenas na mais alta concentracdo do tratamento
subagudo.

Palavras-chave: Randia ferox, CLAE, toxicidade, genotoxicidade.
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Around the world, the use of plants as means of medicinal source is an ancient costume.
Mainly in developing countries, medicinal plants are the only choice of treatment. Besides, the
population believes that by being natural products, medicinal plants are not a risk for health.
However, several studies have proven that some plants used as medicine show toxicity levels
that endanger human health. Of particular interest, the leaves of the popularly known as
“limoeiro-do-mato’, the specie Randia ferox from the Ruceaceae family, are used as anti-
inflammatory and healing. The aim of this study was to quantify the secondary metabolic in
HPLC method and assess the acute and sub-acute toxicity of the crude extract of bothleaves
(CEL) and genotoxicity for that plant. In HPLC method, it was possible to quantify quercetin
(6,85 mg/g), chlorogenic acid (6,38 mg/g), rutin (5,52 mg/g), quercitrin (2,71 mg/g), luteolin
(1,93 mg/g), and gallic acid (0,71 mg/g). In acute toxicity, rats Wistars of both genders was
treated with CEL in a concentration of 2000 mg/Kg. The animals were observed during 14 days
without any animal death nor observed change of behavior. In addition, their food intake, body
weight gain, biochemical and hematological parameters did not show differences in
comparison with the control group. According to OECD Guidelines 423, the specie was
classified as five category, with lethal dose estimated between 2000-5000 mg/Kg. In the sub-
acute study, the Wistars rats of both genders were treated during 28 days, separated in four
groups, as follows: control group treated with water; and treatment groups where CEL was
administrated in different concentrations (100, 200 and 400 mg/Kg). There was no significant
difference of weight neither in the ingestion of food of the animals. The rat's blood was
biochemically and hematologicaly evaluated. Besides, all livers and kidneys were analyzed for
toxicity and genotoxicity parameters. The both genders of 200 and 400 mg/Kg showed a
decrease of TBARS, ROS and PC in the livers, which may imply an antioxidant capacity of
CEL. The DNA CA increased in both genders at 400 mg/Kg in the livers, wich may suggest a
genotoxicity capacity. In the kidneys of all female of the groups treated with CEL, an increase
of ROS was observed. However, TBARS and other kidney’s damage markers did not show
any difference from the control group. Such results suggest the absence of nephrotoxicity. A
decrease of CHO occurred in the male rats treated with 200 and 400 mg/Kg, but the values
laid within the reference dates, therefore such decrease was not due to a hepatotoxicity. In
female treated with CEL in 200 and 400 mg/Kg, increase of GLU occurred. As the same did
not happen with the males, those altered values suggest a hormone variation. The treatment
sub-acute of CEL of Randia ferox showed a toxicity capacity only in the highest concentration.

Keywords: Randia ferox, HPLC, toxicity, genotoxicity.
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1 INTRODUCAO

Os seres humanos fazem uso de plantas para a sua sobrevivéncia desde o
inicio da sua existéncia, utilizando-as como abrigo, alimento, no alivio de dores ou
cura de algumas enfermidades (OLIVEIRA; MENINI NETO, 2012, p. 311). O uso de
plantas como forma de tratamento € uma pratica cultural perpetuada através de
geracdes e, mesmo com O crescimento no estudo, é uma terapia muitas vezes
baseada apenas no conhecimento popular (ALVIM, et. al, 2006). De acordo com a
Organizacdo Mundial da Saude (OMS), qualquer planta que possua, em um ou mais
orgaos, substancias com propriedades terapéuticas e capazes de serem utilizadas na
sintese de medicamentos na indastria farmacéutica é considerada planta medicinal
(LIMA et. al, 2010, p. 163).

No final do século XIX, através do avanco tecnolégico, houve uma nova fase
no uso de plantas medicinais, onde as substancias de acdo farmacoldgica foram
isoladas e, progressivamente, foram substituindo o uso de alguns extratos de ervas.
Ainda nos dias de hoje, podemos observar muitas classes de farmacos cujo principio
ativo é isolado ou derivado de metabdlitos de plantas, como exemplo desses temos a
aspirina, morfina, efedrina e digoxina. A maioria desses compostos derivados de
plantas foram descobertos através de estudos etnofarmacolégicos, que sdo estudos
baseados na cultura popular de plantas medicinais (GILANI; RAHMAN, 2005, p. 43-
44).

H& um crescente aumento no uso e estudo de produtos com origem natural
(ROMERO; CASTELLA, 2012, p. 149). Desde a década de 70, ha um maior estimulo
por parte da OMS para a pesquisa com plantas medicinais. Sendo assim, maiores
estudos para comprovacdo de seguranca, eficacia e qualidade estdo sendo
necessarios. Muitas plantas de diversos paises vém sendo estudadas e tendo sua
terapéutica e eficiéncia comprovada ou desconsiderada (RICARDO, 2015, p. 399).

No Brasil, a cultura popular no uso de plantas medicinais é bastante difundida
e (SIMOES, et. al., 2010, p. 821) ainda ha uma parte da populacéo brasileira que
possui como Unica fonte de recurso terapéutico o uso de plantas medicinais. H4 uma

estimativa de que metade das espécies nativas possuem alguma atividade
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farmacoldgica. Entretanto, apenas 1% dessas espécies ja foram estudadas
devidamente (MESSIAS, et. al, 2015, p. 77).

Considerando o conceito tradicional sobre plantas e no intuito de estabelecer
diretrizes na atuacdo do governo, foi aprovada a Politica Nacional de Plantas
Medicinais e Fitoterapicos, onde foi autorizada a insercdo de tratamentos alternativos
no Sistema Unico de Salde (SUS), facilitando o acesso dos pacientes as plantas
medicinais e fitoterapicos previamente estudados e identificados. Essa politica foi
implementada através do Decreto n°® 5813, de 22 de junho de 2006 com o intuito de
ampliar as opc¢des terapéuticas dos usuérios do SUS, dando a eles maior seguranca,
qualidade e eficiéncia no uso dessas terapias e, assim, promovendo também o
desenvolvimento da tecnologia e pesquisas, estimulando a indastria farmacéutica
brasileira nessa area de interesse (BRASIL, 2006).

Segundo a RDC n° 26, de 13 de maio de 2014 da Agéncia Nacional de
Vigilancia Sanitaria (ANVISA), é considerado fitoterapico o medicamento obtido
através de matérias-primas ativas de plantas medicinais, cuja seguranca e eficacia
foram comprovadas através de estudo cientifico e usado para fins de cura, profilaxia
ou paliativamente. O medicamento fitoterapico ndo pode ser obtido de substancias
isoladas ou altamente purificadas e, mesmo sendo uma substancia extraida de planta,
nao pode ser obtido sinteticamente. Essa RDC tem como base garantir a melhor
qualidade no produto fitoterapico abrangendo os cuidados na coleta do material,
avaliacdo do produto final, composi¢do da formulacdo e comprovacao da eficacia e
seguranga (ANVISA, 2014).

Apesar do avanco nos estudos e nas legislagbes para o uso de plantas
medicinais e fitoterapicos, a maioria das pessoas associam a origem natural dos
produtos com baixa toxicidade e isencao de interagcbes com medicamentos alopéticos
(OLIVEIRA; LUCENA, 2015, P. 407). Essa crenca de inocuidade é considerada
errbnea, pois apesar da origem, as plantas medicinais e fitoterapicos sao xenobioticos
e sofrem biotransformacdo no metabolismo humano, podendo formar produtos toxicos
ou que interajam com outras terapias (OLIVEIRA; MACHADO; RODRIGUES, 2014,
p.33).

Entre as plantas utilizadas na medicina popular, encontra-se a espécie Randia
ferox (Cham & Schlecht) DC. que pertence a familia Rubiaceae, conhecida
popularmente como limoeiro-do-mato e com localizagdo geografica na regido Centro-

Sul do Brasil. Esta planta é utilizada principalmente como cicatrizante e anti-
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inflamatoéria (LEONHARDT, et. al, 2008, p. 161-162). Diante das amplas indica¢cfes
terapéuticas pela medicina popular para o uso da espécie Randia ferox e da escassez
de estudos que comprovem sua eficacia e seguranca, motivou-se a realizacao deste
trabalho para a maior compreensdo sobre seus constituintes quimicos e possiveis

efeitos toxicos.
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2 OBJETIVOS

2.1 Objetivo Geral

Este trabalho tem por objetivo geral realizar a identificacdo e quantificacdo dos
metabdlitos presentes no extrato bruto das folhas, analisar a capacidade toxicol6gica
aguda e subaguda e também a genotoxicidade do extrato bruto das folhas da espécie
Randia ferox (Cham. & Schlecht) DC.

2.2 Objetivos Especificos

e Delinear o perfil cromatografico do extrato bruto das folhas da espécie
por meio de Cromatografia de Alta Eficiéncia (CLAE);

e Avaliar a toxicidade aguda ex vivo do extrato bruto das folhas da espécie
R. ferox através do Guia OECD 423;

e Avaliar a toxicidade subaguda ex vivo do extrato bruto das folhas da
espécie R. ferox de acordo com o Guia OECD 407,

e Avaliar modificacbes no ganho de peso e na alimentacdo apos o
tratamento agudo e subagudo com o extrato bruto das folhas de R. ferox;

e Avaliar modificacfes dos parametros hematoldgicos e bioquimicos apos
o tratamento ex vivo subagudo com o extrato bruto das folhas de R.
ferox;

e Avaliar o perfil da lipoperoxidagdo atraves dos métodos de substancias
gue reagem com o acido tiobarbitarico e a formacao de proteina carbonil.

e Avaliar a formacao de espécies reativas de oxigénio.

e Avaliar os marcadores enzimaticos antioxidantes do figado e rim apds o
tratamento ex vivo subagudo com o extrato bruto das folhas de R. ferox;

e Avaliar a genotoxicidade das células do figado e rim apos o tratamento

ex vivo subagudo com o extrato bruto das folhas de R. ferox.
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3 REVISAO BIBLIOGRAFICA

3.1 Familia Rubiaceae

O nome da familia Rubiaceae deriva do género Rubia Linnaeus (1753). Rubia,
do latim rubium, que se refere ao nome da tinta vermelha que é extraida das raizes
das plantas desse género e que era utilizada pata tingir tecidos (DELPETRE; SMITH;
KLEIN, 2004, p.20). A familia Rubiaceae é uma das maiores familias de angiospermas
do mundo, com cerca de 650 géneros e mais de 13.000 espécies, ela ocorre em todas
as regibes do mundo, mas principalmente nas areas tropicais e subtropicais. No Brasil,
ha cerca de 110 géneros e 2.000 espécies, destacando-se como uma das principais
familias da nossa flora e como um importante elemento das formacfes naturais
(DELPETRE; SMITH; KLEIN, 2004, p.22; TAYLOR; CAMPOS & ZAPPI, 2007, p. 551;
MARGALHO; da ROCHA; SECCO, 2009, p. 304).

Essa familia é representada por arvores, arbustos e ervas e consta de quatro
subfamilias: Rubioideae, Cinchonoideae, Antirheoideae e Ixoroideae (PEREIRA;
BARBOSA, 2004, p. 305). Fazem parte da subfamilia Rubioideae todas as espécies
de plantas que possuem cristais de oxalato de calcio (rafides) presentes no vacuolo
da célula vegetal (BREMER; MANEN, 2000, p. 44). A subfamilia Cinchonoideae é
constituida de arvores de grande porte e arbustos, possui frutos secos que se abrem
na maturacdo e o corola das flores € contorto (prefloracdo). E a subfamilia
Antirheoideae possui espécies lenhosas, com frutos carnosos e corola raramente
contorto (PEREIRA, BARBOSA, 2004, p. 311 e 307). A subfamilia Ixoroideae tem
como principal caracteristica a apresentacdo secundaria de poélen, ou seja, o pdlen
fica disponivel para os agentes polinizadores antes do botéo de flor abrir totalmente,
frutos carnosos e cada sépala € recoberta pela anterior (prefloracdo contorcida)
(ANDREAZEN; BREMER, 2000, P. 1731; ALVINO; MACHADO; QUIRINO, 2007, p,1;
MENEZES, et. al., 2004; ROQUE; BAUTISTA, 2008, p. 41).

Essa familia tem uma importancia cultural, terapéutica e econdémica, nela

encontram-se a espécie Coffe arabica (café), uma bebida popularmente apreciada e
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fonte de substancias farmacologicamente ativas, como a cafeina (PEREIRA, 2007, p.
14), a Uncaria tomentosa (unha-de-gato), utilizada na fabricacdo de fitoterapicos e na
medicina popular no tratamento de Ulceras, artrite e com atividades cicatrizante, anti-
inflamatoria, antioxidante, imunoestimulante, antiviral, antibacteriana e antifungica,
entre outras propriedades (MORAES, et. al., 2015, p. 08). O alcaloide quinino é
extraido da casca das espécies do género Cinchona, esse alcaloide foi muito utilizado
no tratamento da malaria até ser substituido por drogas sintéticas. Além do tratamento
para a malaria, o extrato das cascas dessas espécies também possui propriedades
anticancer, fungicida, germicida e analgésico (YEBOAH; YEBOAH; SINGH, 2011, p.
1726). No género Cephaelis Sw, destaca-se C. ipecacuanha (Brot.) Rich (ipeca),
produtora do alcaloide emetina, que é usada farmacologicamente como emético (DE
SA; ELISABETSKY, 2012, 765).

Através de estudos fitoquimicos foi comprovada uma grande variedade de
metabdlitos secundarios presentes em algumas espécies dessa familia, como
iridoides (MOURA, et. al., 2006, p. 452), cumarinas, terpenos (MORENO, et. al., 2014,
p. 81), antraquinonas (LING, et. al., 2002, p. 1035), alcaloides (YEBOAH; YEBOAH;
SINGH, 2011, p. 1726), derivados fendlicos e flavonoides (MAI, et. al., 2015, p. 94),
sendo que a maioria dos metabdlitos encontrados possuem propriedades
farmacoldgicas. Devido a essas propriedades e a presenca de diversos metabalitos,
as espécies dessa familia sdo comumente utilizadas na cultura popular e na producao

de fitoterapicos.

3.2 Descricéo da Espécie Randia ferox (Cham & Schlecht) DC.

A espécie Randia ferox (Cham & Schlecht) DC. popularmente conhecida como
limoeiro-do-mato € uma arvoreta de 3-7 metros de altura, espinhosa, com flores
brancas e aromaticas e frutos amarelados ou alaranjados. No Brasil, possui
distribuicdo geogréfica do Rio Grande do Sul até Minas Gerais. Devido a problemas
de identificagdo o limoeiro-do-mato € amplamente referido como Randia armata (Sw)
DC., sendo assim, considerada uma sinonimia botanica (LEONHARDT, et. al., 2008,
p. 161).
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Esta espécie (Figura 1) é popular e mundialmente utilizada como alimento e
também como planta medicinal para o relato de véarias queixas. Suas folhas e raizes
sao utilizadas para o combate da gonorreia e suas raizes para combater cansaco e
falta de ar (ERBANO, 2010). Segundo Noelli (1998, p. 192) os indios Guaranis
empregam a planta como cicatrizante, no Nordeste brasileiro ela é usada no
tratamento de doencgas inflamatérias (ERBANO, 2010, p.28).

Figura 1. Randia ferox (Cham & Schlecht) DC. — aspecto geral da planta. Imagem obtida em seu local
de coleta (Arroio do Tigre, RS).

De acordo com Erbano (2010, p.28) foram feitas investigacdes com o extrato
bruto das folhas e descobriu-se acédo antimicrobiana contra Bacillus subtilis,
Pseudomonas aeruginosa e Staphylococcus aureus. Soares e colaboradores (2006)
confirmaram a acéo antimicrobiana desta planta, e entre as cepas estudadas houve
acao contra oito cepas de Klebsiella pneumoniae multirresistente.

Além das atividades ja citadas as folhas da espécie também possui atividade
antioxidante (VIEIRA et al., 2005) e possui aplicacdo na industria de cosméticos
(PAULY, FLEURY, 1999). Segundo Pauly e colaboradores (1999) na industria sao

feitas varias formulacdes de cremes, com uma mistura de extratos de diferentes
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plantas, uma dessas formulacfes, contendo a Randia ferox possui atividade contra as
enzimas colagenases, radicais livres e raios ultravioletas do tipo B, porém néo se sabe
a qual espécie, ou se é a associacao delas que contribui com esse potencial anti-
idade.

3.3 Metabolitos Secundarios

3.3.1 Definigéo, fungéo e importancia

A presenca de atividade metabdlica € uma caracteristica presente nos seres
vivos. O metabolismo ocorre no interior da célula e é formado por um conjunto de
reacdes quimicas e enzimaticas. No organismo vegetal, o metabolismo é dividido em
primario e secundario. E considerado metabolismo priméario todos os processos
metabolicos essenciais dos vegetais como fotossintese, respiragdo celular e
transporte dos solutos. Como esses processos Sdo necessarios para a sobrevivéncia
dos vegetais, os metabdlitos primarios estdo presentes em todos vegetais. Ao
contrario do metabolismo primario, o secundario ndo é essencial a planta, por isso
diferentes espécies podem produzir diferentes metabdlitos secundarios. Geralmente,
a presenca de metabdlitos secundarios esta relacionada a sobrevivéncia e reproducao
da espécie (SIMOES, et. al., 2010, p. 403).

Embora os metabdlitos secundarios ndo sejam necessarios no ciclo de vida de
uma planta, eles desempenham um papel importante na interagdo da planta com o
meio ambiente. S&o esses metabolitos que protegem as plantas contra herbivoros,
ataque de patdgenos, atracado de animais polinizadores e dispersores de sementes.
Além de ajudar nos fatores bioticos ja citados, eles podem ajudar também contra
alguns fatores abidticos, como mudancgas de temperaturas, protecéo contra raios UV,
deficiéncia de algum nutriente e contetido de agua (SIMOES, et. al., 2010, p. 404).

Os compostos fendlicos, também conhecidos como polifendis, sao
considerados uma das principais e mais abundante classe de metabdlitos secundarios
presentes nas plantas, sendo produzidos em resposta a condi¢des de estresse como

radiacOes e infeccbes. Na planta, esses compostos podem apresentar diferentes
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fungbes como pigmentagéo, contribuicdo para os mecanismos antioxidantes e de
protecdo contra a poluicdo atmosférica, ferimentos e temperaturas elevadas (NACZK;
SHAHIDI, 2006, p. 1523, 1524). No organismo humano, eles sao absorvidos através
de frutas e vegetais, sendo uma grande fonte exdgena de substancias antioxidantes
como, por exemplo, o acido cafeico, acido clorogénico e o acido felurico. Devido a
esse alto poder antioxidante, os polifendis possuem acédo fisiolégica como anti-
inflamatoria, antitromboética, cardioprotetora, vasodilatadora, entre outras
(BALASUDRAM; SUNDRAM; SAMMAM, 2006, p. 191; SIMOES, et. al., 2010, p. 528).

Os polifendis sao substancias simples ou complexas que contém ao menos
uma hidroxila substituindo um hidrogénio do anel aroméatico, as demais substituicées
e seus constituintes, além de gerar inUmeras substancias diferentes, levam também a
diferentes propriedades e/ou funcdes dos metabdlitos na planta (BALASUDRAM,;
SUNDRAM; SAMMAM, 2006, p. 192). Um exemplo de polifenol é o &acido gélico
(Figura 2) que é um derivado do &cido benzoico e possui trés hidroxilas ligadas ao
anel aromatico como pode-se observar na Figura 2 (SIMOES, et. al., 2010, p.522), no
organismo humano esse acido possui a capacidade de diminuir a peroxidacéo lipidica,
podendo auxiliar na prevencdo doencas cardiovasculares (NAVARRETE; VIDAL;
LAHUERTA, 2008, p. 66).

Outro polifenol € o acido clorogénico (Figura 2) que é derivado de acidos
fendlicos (SIMOES, et. al., 2010, p. 523), este polifenol é conhecido pelo seu poder
antioxidante e quelante (SIMOES, et. al., 2010, p. 528), estudos demonstram que o
acido clorogénico também possui atividade antiagregante plaquetaria (PIERDONA, et.
al.; 2014, p. 154), diminui a pressao arterial em pacientes hipertensos (VON
WICHTMANN, 2009, p. 634) e a absorc¢éo de glicose (ROJO-MARTINEZ, et. al.; 2005,
p. 560). Devido as sua diversidade estrutural, os compostos fendlicos séo divididos
em grupos, sao eles: flavonoides, taninos condensados, antraquinonas, xantonas,
ligninas e derivados da cumarina (BALASUDRAM; SUNDRAM; SAMMAM, 2006, p.
192).
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Figura 2. Estrutura do acido clorogénico (SIMOES, et. al., 2010, p. 523).

Um grupo de origem natural de grande importancia e diversidade estrutural séo
os flavonoides. Devido a essa diversidade, os flavonoides sao divididos em diferentes
classes, como: flavonas, flavondis, chalconas, auronas, antocianos, entre outros
(SIMOES, et. al.; 2010, p. 577-580). Esses compostos possuem uma grande atividade
biolégica como antitumoral, antioxidante, antiviral, anti-inflamatéria, antimicrobiana e
muitas outras atividades ligadas as suas estruturas (SIMOES, et. al., 2010, p. 607).

Um flavonoide muito abundante na natureza € a quercetina (Figura 3), que €
da classe dos flavondis e é capaz de diminuir in vitro o aumento de células leucémicas
(WALTER, et. al., 2000, p. 332; SIMOES, et. al.; 2010, p. 582), outro estudo n vitro
mostrou que a quercetina ajuda a induzir a apoptose das células de cancer pulmonar
e ndo apresenta atividade contra as células saudaveis (CABRERA; MACH; 2012, p.
149). Ela também possui atividade anti-inflamatoria, antitrombdtica, anti-hipertensiva,
guelante de metais e modula algumas enzimas antioxidantes (DAJAS, et. al.; 2015, p.
141).

A rutina (Figura 3), que também pertence a classe dos flavonois, € outro
flavonoide conhecido e estudado pelas suas atividades farmacologicas. Alguns
estudos demonstram que a rutina possui a sua capacidade de diminuir a
permeabilidade capilar, sendo usada no tratamento da insuficiéncia venosa crénica,
ela € também antioxidante, atua diminuindo a agregacdo plaquetaria, é anti-
inflamatoria, antibacteriana, antiviral e também ajuda a prevenir algumas doencas
crbnicas como artrite, cancer, diabetes e hipertensdo, entre outras atividades
(SIMOES, et. al.; 2010, p. 582; KICEL, et. al., 2015, p. 86; KAMEL; MOSTAFA, 2015,
p. 59).
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Figura 3. (a) estrutura da quercetina (DAJAS, et. al., 2015, p.141). (b) estrutura da rutina (BECHO;
MACHADO; GUERRA, 2009, p. 22).

Um amplo grupo de metabdlitos secundarios sdo os alcaloides, que sao
encontrados predominantemente em angiospermas e sao formados principalmente
através de reacbes com aminoacidos. Nao h4 um aminoacido padrdo para a sua
formacdo, cada classe de alcaloide € formado por um diferente aminoacido, séo eles:
tirosina, triptofano, lisina, histidina, glutamina, acido aspartico, glicina, entre outros. Ha
também os pseudoalcaloides, nos quais ha a incorporacao de terpenos ou esteroides
na sua molécula final (SIMOES, et. al., 2010, p. 766, 772).

Como os alcaloides tem varias rotas metabdlicas para a sua formacéo, eles
possuem estruturas diferentes entre si e, por consequéncia, diversas atividades
bioloégicas. Entre suas atividades documentadas podem-se citar: antimalarico,
antitumoral, anticolinérgico, antitussigeno, analgésico, diurético, cardiotbnica,
antibacteriana, psicoestimulante, amebicida, entre outros (SIMOES, 2010, p. 787;
ZHANG, et. al., 2015, p. 31; CHENG, et. al., 2015, p. 8601).

3.4 Toxicidade

3.4.1 Toxicidade de Plantas Medicinais

Em algumas comunidades as plantas medicinais sdo 0s Unicos recursos
disponiveis para tratamento (RIBEIRO, et. al., 2014, p. 913). Na maioria das vezes,
essas plantas utilizadas ndo possuem um estudo adequado no qual comprovem sua
eficacia, seguranca e qualidade (RICARDO; GOULARTE; BRANDAO, 2015, p. 399).
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Apesar da falta de estudos, a populacdo continua usando as plantas medicinais devido
a crenca popular de que o que é natural ndo causa danos a saude (LANINI, et. al.,
2009, p. 121). Porém, assim como 0 uso de medicamentos, 0 uso de plantas em
tratamentos também pode causar reacdes adversas e apresentar toxicidade em
alguns érgaos e sistemas (GOMES et al., 2012, p.481). As plantas medicinais podem
desencadear algumas reacdes adversas devido ao uso simultdneo com
medicamentos, interacdo com alimentos e devido aos seus proprios constituintes
(BALBINO, DIAS, 2010, p. 992). Por esses motivos, torna-se importante o estudo
sobre a toxicidade de plantas usadas na medicina popular, para a elucidacéo de seus
possiveis efeitos toxicos e seus efeitos farmacoldgicos (GOMES et al., 2012, p. 481).

Deve-se considerar, do ponto de vista toxicologico, os efeitos a longo prazo que
0s tratamentos com plantas medicinais podem causar e ndo somente o efeito imediato
de alivio de sintomas e/ou cura. Pois alguns xenobidticos podem apresentar
toxicidade hepatica, renal e cardiovascular (SIMOES, et. al., 2010, p. 249; RICARDO;
GOULARTE; BRANDAO, 2015, p. 399). O confrei (Symphytum officinale L.) era usada
na cultura popular para tratar fraturas nos 0ssos, Ulceras gastrointestinais e problemas
de evacuacdao intestinal, mas estudos mostraram que ela apresenta hepatoxicidade
em humanos e é carcinogénica em animais experimentais, causando adenomas e
sarcomas no figado dos ratos testados (MElI, et. al., 2005, p. 873).

De acordo com o Sistema Nacional de Informacfes Toxico-Farmacolbgicas
(SINITOX), em 2012 no Brasil foram notificados 1185 casos de intoxicacdes com
plantas, sendo que um deles levou a 6bito, apresentando uma letalidade de 0,08%,
sendo que a regido Sudeste apresentou o maior numero de casos, totalizando 544 e
foi a regido que ocorreu o Obito (SINTOX, 2012). Por isso, ndo se pode levar em
consideracao somente o uso popular para validar eticamente as plantas medicinais
como eficazes e seguras, é necessario dados experimentais que comprovem 0S

possiveis riscos para quem se expde ao tratamento (SIMOES, 2010, p. 249).

3.5 Estresse oxidativo e capacidade antioxidante

O oxigénio é utilizado como aceptor final de elétrons na respiracdo aerdbica,

formando como produto final agua. H& muitas vias do metabolismo aerdbico onde
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pode ser citada a presenca do oxigénio com essa finalidade, sado elas: cadeira
respiratoria na mitocondria, via da xantina oxidase, nas células fagociticas e na
sintese de prostaglandinas, entre outras. A formacéo de espécies reativas de oxigénio
(ERO) como produto final desse metabolismo é considerado um processo fisiolégico
normal e, até mesmo, essencial, como é o exemplo da formac¢é&o do radical superoxido
em células fagociticas, que através de reacdes enddgenas origina o 4cido hipocloroso
que apresenta funcéo bactericida (RIBEIRO, et al., 2005, p. 16).

Os radicais livres podem ser definidos como qualquer substancia quimica que
contenha um ou mais elétrons desemparelhados. A formacgédo desses compostos é
devido a perda ou ganho de elétrons em qualquer um dos orbitais, tornando-os
desemparelhados. Porém, em sua maioria, os radicais livres ndo apresentam
interacbes patolégicas com o0s organismos, 0s radicais que empregam essas
interacdes sdo as ERO, como por exemplo, peréxido de hidrogénio (H2032), radical
hidroxila (OH") e superoxido (O2). Os ERO séo altamente reativos e capazes de atacar
moléculas bioldgicas, e sua formacéo ocorre a partir de substancias endégenas que
possuem metabolismo do oxigénio (FERREIRA, MATSUBARA, 1997, p. 61).

Células de organismos animais estdo constantemente ameacadas pela acdo
dos ERO e seus possiveis danos. Os danos causados por eles ainda ndo foram
completamente elucidados, porém alguns estudiosos acreditam que seu principal
mecanismo é a lipoperoxidacdo (LPO). Através deste mecanismo, os radicais podem
causar danos irreversiveis a membrana da célula, causando mudancas nos
transportes de ions, liberacdo do conteldo organelas, liberagdo das enzimas
lisossbmicas e formando substancias citotoxicas como o malonaldeido (MDA),
resultando em morte celular. A LPO estéa relacionada a processos de envelhecimento,
canceres e a toxicidade de xenobidticos. Apesar de estar muitas vezes relacionada a
processos patoldgicos, a LPO também possui importancia fisioldgica, por exemplo,
seus produtos sdo importantes em respostas inflamatorios (FERREIRA,
MATSUBARA, 1997, p. 63; ANHORLD, HECK, 2014, p.2).

Quando ocorre um excesso de agentes oxidantes, o sistema enddgeno de
defesa antioxidante ndo consegue detoxificar todos ERO formados. Esse desequilibrio
gue ocorre resulta em excesso de ERO, também chamado de estresse oxidativo. Uma
das principais consequéncias é a LPO e seu produto toxico MDA. Uma andlise
utilizada para quantificar esse produto toxico € o método de substancias reativas ao
acido tiobarbittrico (TBARS) (ANHORLD, HECK, 2014, p.1). Outra consequéncia do
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estresse oxidativo é a oxidagcdo de proteinas, que ocorre através de insercdo de um
radical carbonil em sua estrutura molecular. O teor resultado dessa carbonilagao
(proteina carbonil — PC) é amplamente utilizado como indicador de oxidacao proteica
(CARVALHO, 2012, p. 6).

Para mimetizar os danos causados pelos ERO, o organismo possui defesas
antioxidantes endégenas. Um dos mecanismos de defesa consiste em detoxificar os
agentes antes deles causarem a lesdo, sdo elas as enzimas superoxido dismutase
(SOD) e a catalase (CAT) (FERREIRA, MATSUBARA, 1997, p. 64). O radical
superoxido é extremamente reativo e pode causar danos nos lipideos, enzimas e no
DNA (NELSON, COX, 2006, p. 715), a enzima SOD reage com esse radical e o
transforma em perdxido de hidrogénio. O mecanismo de acdo da enzima CAT é
converter o peroxido de hidrogénio em agua e oxigénio molecular, colaborando para
evitar o estrese oxidativo (FERNANDES, et. al., 2013, p. 9).

Além das defesas enddgenas, estudos sugerem que a ingestdo de defesas
exdgenas sdo essenciais para o combate aos radicais livres. Esses antioxidantes
exdgenos sao obtidos, principalmente, através da alimentacdo com produtos vegetais,
sendo os principais: acido ascorbico, compostos fendlicos e carotenoides. Porém,
muitos compostos encontrados nos vegetais podem ter mecanismos pré-oxidantes,
ou seja, eles podem estimular a oxidacdo. Esse potencial depende da molécula,
concentracdo e da célula atingida (SIMOES, 2010, p. 528).
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APRESENTACAO

Esta dissertagao apresenta os resultados em forma de manuscrito (manuscrito
1).

Além disso, essa dissertacdo contempla os itens consideracdes finais, no qual
os resultados sao interpretados, conclusdes e referéncias bibliogréaficas, as quais sdo
relativas as sec¢fes de introducdo, revisao bibliografica e consideracdes finais.
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4 RESULTADOS

MANUSCRITO 1

Toxicity and genotoxicity assessment of the crude extract of Randia ferox (Cham
& Schlecht) DC. leaves

Lauren Pappis, Andreia Regina Haas da Silva, Leticia Teixeira Nunes, Camille Gaube
Guex, Natalia Jank Mossmann, Mariana Piana, Raul Oliveira Souza, Luis Flavio Souza

de Oliveira, Michel Mansur Machado, Liliane de Freitas Bauermann.



27

Toxicity and genotoxicity assessment of the crude extract of
Randia ferox (Cham & Schlecht) DC. leaves

Lauren Pappis'*, Andreia Regina Haas da Silval, Leticia Teixeira Nunes?, Camille
Gaube Guex?, Natalia Jank Mossmann?, Mariana Pianal, Raul Oliveira Souza?, Luis
Flavio Souza de Oliveira®, Michel Mansur Machado®, Liliane de Freitas Bauermann?".

1 Post-Graduate Program in Pharmaceutical Sciences, Federal University of Santa Maria, Camobi
Campus, Santa Maria, RS, 97105-900, Brazil.

2 Post-Graduate Program in Farmacology, Federal University of Santa Maria, Camobi Campus, Santa
Maria, RS, 97105-900, Brazil.

3 Graduate student of Pharmacy, Federal University of Santa Maria, Camobi Campus, Santa Maria, RS,
97105-900, Brazil.

4 Graduate student of Pharmacy, Federal University of Pampa-UNIPAMPA, Uruguaiana, RS, 97500-
970, Brazil.

5 Post-Graduate Program in Biological Science (Toxicology Biochemistry), Federal University of Pampa-
UNIPAMPA, Uruguaiana, RS, 97500-970, Brazil.

6 Post-Graduate Program in Pharmaceutical Sciences, Federal University of Pampa-UNIPAMPA,
Uruguaiana, RS, 97500-970, Brazil

*Correspondence to: Lauren Pappis, Department of Industrial Pharmacy of Federal University of Santa Maria,
Campus Camobi, prédio 26, sala 1115. Santa Maria, CEP 97105-900, Brazil. [telephone number +55 55 3220 9618;
fax: +55 55 3220 8248; e-mail: laurenpappis@gmail.com].

ABSTRACT

Randia ferox, a native species of Brazil, is popularly known as “limoeiro-do-mato” and is used on the population in
healing processes. The aim of this study is to assess the acude and subacut toxicity, besides the genotoxicity of
the treatment with the crude extract of the leaves and quantify their compounds through the HPLC method. The
toxicity studies were based on the guidelines of the Organization for Economic Cooperation and Development
(OECD-guidelines 423 and 407). In the acute toxicity study, a single dose of 2000 mg/Kg of R. ferox crude extract
was administrated orally in male and female rats. In subacute toxicity study, the extract was administrated orally in
male and female rats, with doses of 100, 200 and 400 mg/Kg/day during 28 days. The effects of the treatments on
the rats were evaluated via the investigation of their biochemical and hematological structure, besides their body
weight gain, food intake and behavior changes. Their livers and kidneys were tested for biochemical and
genotoxicity parameters. In HPLC method, it was possible to quantify six phenolic compounds such as quercetin
(6,85 mg/qg), chlorogenic acid (6,38 mg/g), rutin (5,52 mg/g), quercitrin (2,71 mg/g), luteolin (1,93 mg/g) and gallic
acid (0,74 mg/qg)., is the first time that is identify and quantify this compounds for de specie. The acute administration
of R. ferox did not change any tested parameter as well as did not cause mortalities. One the other hand, the
subacute toxicity study caused a decrease of TBARS, ROS, and CP in liver, indicating an antioxidant capacity. An
increase of DNA damage in the highest concentration in liver, inferred a genotoxicity propriety. In biochemical
parameters, a decrease of the cholesterol was observed in the males, which is considered normal, and an increase
of glucose in female, suggesting a hormone variation. Therefore, it was concluded that the plant has a low toxicity

capacity.
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1 Introduction

The tradition of plants as medicinal source is broadly known around the world
(Parthiban, et. al., 2015). This tradition is an important factor to stimulate the
photochemistry and pharmacologic study about the popular medicinal plants. Through
this study, a great number of new pharmacologic actives substances have already
been found. According to the World Health Organization (WHO), in development
countries, the estimated is that 65-80% of population uses medicinal plants the only
source of treatment about to some diseases (Saraiva, et. al., 2015). This dependence
of natural sources is mostly connected to their low cost in comparison with allopathic
medicine, and a geographic isolation of some cities (Bitu, et. al., 2015).

Brazil has one of the biggest biodiversity in the world and, because of this, has
a great tradition as well as popular knowledge about medicinal plants (Carvalho et. al.,
2014). They were introduced together with natural products in the Brazilian Public
Health System (SUS) through the National Program on Medicinal Plants and
Phytotherapy, as a program that has the goal to ensure the safety of approach of
medicinal plants (Alerico, et. al., 2015).

Most of people believe that, as a natural product, medicinal plants have no
toxicology propriety (Hubsch, et. al., 2014). However, some medicinal plants have
been rationed with some toxic effects (Parra, et. al., 2001). Actually intending to protect
themselves, plants create mechanisms of defense against predators in the course of
their evolution, which yields production of some compounds with a low molecular
weight, such as alkaloids, terpenoids and glycosides. Mostly, these compounds help
in plants defenses by presenting toxic effects in animals (Dang, et. al., 2015).

The specie Randia ferox (Cham & Schlecht) DC. is distribute in Midwest and
South of Brazil, being popularly known as “limoeiro-do-mato”. Local population use the
leaves of this plant in healing process (Leonhardt et. al., 2008). There is not yet studies
about the toxicity of the leaves’ extract. Therefore, the aim of this study was to
investigate the toxicity acute and sub-acute, as the genotoxicity, in the crude extract of
the leaves of the Randia ferox (Cham & Schlecht) DC. in rats through the biochemical

and hematological parameters.
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2 Materials and methods

2.1 Plant material

The leaves of Randia ferox for the investigation was collected in the town of
Arroio do Tigre (Rio Grande do Sul, State of Brazil, coordinates 29° 19' 22"S and 53°
4' 35'W") in july 2014. The specie was identified in the Department of Biology at Federal
University of Santa Maria and the dried voucher specimen was archived and preserved
under the registration number SMDB 13775.

2.2 Extract preparation

The leaves of the plant were dried in a stove at control temperature (40°C) and
then powdered in a knife mill. The powder of the leaves was macerated with 70%
ethanol at room temperature for one week, with daily agitation. After filtration, the
extract was evaporated and concentrated under reduced pressure, in order to remove
the ethanol. The aqueous extract was evaporated, in a stove, to dryness to obtain the
crude extract of the leaves.

2.3 Chemical, apparatus and general procedures

All chemicals were of analytical grade. Methanol, phosphoric acid, gallic acid
and chlorogenic acid were purchased from Merck (Darmstadt, Germany). Rutin,
quercetin, quercitrin and luteolin were acquired from Sigma Chemical Co. (St. Louis,
MO, USA). High performance liquid chromatography (HPLC-DAD) was performed with
a Shimadzu Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto,
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Japan), equipped with Shimadzu LC-20AT reciprocating pumps connected to a DGU
20A5 degasser with a CBM 20A integrator, SPD-M20A diode array detector and LC

solution 1.22 SP1 software.

2.4 Quantification of compounds by HPLC-DAD

Reverse phase chromatographic analyses were carried out under gradient
conditions using Phenomenex Cis column (4.6 mm x 250 mm) packed with Sum
diameter particles The mobile phase with a flow rate of 0.5 mL/min consisted of a
mixture of solvents: A (water/phosphoric acid, 98:2% v/v) and B (methanol/water,
70:30% v/v) using the following linear eluting gradient: 0-3 min: 0% B in A; 3-25 min:
30% B in A; 25-43 min: 50% B in A; 43-55 min: 60% B in A; 55-60 min: 80% B in A;
60-65 min: 50% B in A; and 65-69 min: 0% B in A; following the method described by
Silva et al. (2014) with some modifications. Crude extract of Randia ferox was analyzed
at a concentration of 15 mg/mL. The presence of six antioxidants compounds were
investigated, namely, gallic acid, chlorogenic acid, quercetin, quercitrin luteolin and
rutin. Identification of these compounds was performed by comparing their retention
time and UV absorption spectrum with those of the commercial standards. The
injection volume 15 ul and the wavelength were 270 nm for gallic acid, 327 nm for
chlorogenic acid, and 365 nm for luteolin, quercitrin, quercetin and rutin. The samples
and mobile phase were filtered through 0.45 pym membrane filter (Millipore) and then
degassed by ultrasonic bath prior to use. Stock solutions of standards references were
prepared in the HPLC mobile phase at a concentration range of 0.025 — 0.300 mg/ml.
The chromatography peaks were confirmed by comparing its retention time with those
of reference standards and by DAD spectra (200 to 600 nm). Calibration curve for gallic
acid: Y = 13472x + 1195.8 (r = 0.9997); chlorogenic acid: Y = 13087x + 1269.5 (r =
0.9999); quercitrin: Y = 12603x + 1356.7 (r = 0.9996); luteolin: Y= 11945x + 1348.1 (r
=0.9998); rutin: Y = 12765x + 1351.6 (r = 0.9999) and quercetin: Y = 12496x + 1254.8
(r = 0.9995). All chromatography operations were carried out at ambient temperature
and in triplicate. The limit of detection (LOD) and limit of quantification (LOQ) were
calculated based on the standard deviation of the responses and the slope using three

independent analytical curves, as defined by Colpo et al. (2014). LOD and LOQ were
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calculated as 3.3 and 10 o/S, respectively, where o is the standard deviation of the
response and S is the slope of the calibration curve.

2.5 Animals

Adult male and female Wistars rats (160-200g) were obtained of Biotério Central
da Universidade Federal de Santa Maria (UFSM) and they were arbitrarily distributed
into different experimental groups. The animals were housed in the polypropylene
cages at an ambient temperature 24° + 2°C and 45 — 55% relative humidity, with a
12/12h light/dark cycle and they are also adapted to local conditions at least 72h before
become the experiment. Animals were provided with commercial food pellets and
water ad libitum. All experimental protocols were approved by the Ethics and Animal
Welfare Committee of Universidade Federal de Santa Maria (CEUA UFSM; Protocol
079/2014).

2.6 Acute toxicity study

The acute oral toxicity of Randia ferox crude extract (RfCE) in Wistar rats was
preconized to Organization of Economic Cooperation and Devolopment (OECD)
Guideline (2001), with some modifications. The experimental procedures was fulfilled
using 3 animals Wistar rats per group male and female (separated) at each step. The
control group received distilled water (1 mL/Kg) and the test group a single dose of the
crude extract of the plant with a dose of 2000 mg/Kg, corresponding to the maximum
dose recommended by the protocol adopted. Both administrations were made by oral
gavage. The animals was observed 6 and 12 hours after the treatment an everyday
during 14 days. It was monitored some possible differences in the weight of the animals
and food intake, occurrence of tremors, convulsions, changes in fur and skin,
somatomotor activity and behavior, as well as cases of death. On day 15, after a short
period of fasting, the animals were anesthetized and euthanized by cardiac puncture.
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On that, the blood was collected in two tubes: one with anticoagulant and another with
none additive.

2.7 Sub-acute toxicity study

The sub-acute oral toxicity study was developed using the OECD 407 (1995)
Guideline with some modifications. The RfCE was dissolved in water and administered
by oral gavage for 28 days. The animals were divided in eight groups, totaling 40 (20

male and 20 female) used in the experiment (n=5), as follows:

Group I: control group treated with water.
Group IlI: treated with CEL 100 mg/Kg.
Group lI: treated with CEL 200 mg/Kg.
Group IV: treated with CEL 400 mg/Kg.

The body weight and food intake was monitored each two days through the
study period. On day 29, after a short period of fasting, the animals anesthetized and
euthanized by cardiac puncture. On the cardiac puncture, the blood was collected in
two tubes: one with anticoagulant and another with none additive. The kidney and the
liver of each animal was removed and homogenized with sodium phosphate buffer
0,1M, pH 7,4.

2.8 Biochemical and hematological parameters

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

2.9 Lipoperoxidation

The thiobarbituric acid reaction substance (TBARS) method (Berton et al., 1998)
measured lipoperoxidation of livers and kidneys. In brief, the leavers and kidneys
samples were mixed, separately, with TBA reagent consisting of 0.375% TBA and 15%
trichloroacetic acid in 0.25-N hydrochloric acid. In a water bath, the reaction mixtures
were placed for 30 min and centrifuged at 18119 for 5 min. The absorbance of the
supernatant was measured at 535 nm. MDA, a measure of lipid peroxidation, was
calculated using an extinction coefficient of 1.56 x 10%M cm. The results were
expressed as pM/mg protein.

2.10 Reactive Oxygen Species (ROS)

The formation of ROS in cellules was measurement using DCFH-DA (2°,7’-
dichlorofluorescin diacetate) solution as the substrate (Mirhe, et al, 2003). The
supernatant of the liver and kidney homogenized was incubate at 37°C and, after 1
hour, the DCFH-DA (5 pL) was added and the incubation continued more 1 hour in the
dark ambient. The fluorescence was measurement for 488 nm for excitation and 525

nm for emission (LeBel, et al., 1992). The results were expressed in percentage.
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2.11 DNA Comet assay

The comet assay is one of the most precise test of genotoxicity. Although there
are other DNA damage tests, the comet assay (CA) is one of the most sensitive and
accurate and is relatively free of technical artifact (Collins, 2009). We identified 100
cells in the slides that were submitted for analysis. The cells were visually scored
according to tail length, with scores ranging from 0 (no migration) to 4 (maximal
migration). Therefore, the damage index for cells ranged from 0 (all cells with no
migration) to 400 (all cells with maximal migration). The tests were carried out in

triplicate, and the data are presented as mean + S.D.

2.12 Protein Carbonyl

When the protein oxidation occurs, there is a distinct increase of protein
carbonyls. Here, protein carbonyl (PC) in liver and kidney microsomal were detected
by spectrophotometric measurement, of 2,4-dinitrophenylhydrazone derivatives
(€370 nm = 22,000 M~ cm™ 1) as described by Levine et al. (1990); since nitrotyrosine
and hemin also absorb at 370 nm. Their spectral contribution was determined in
samples not treated with 2,4-dintrophenylhydrazine and this value was subtracted from
samples treated with 2,4-dinitrophenylhydrazine. The results were expressed in nMol

of carbonyl protein/mg of protein.

2.13 Catalase activity

Catalase (CAT) activity was measured according to the method of Aebi (1984).
One unit of catalase was defined as the amount of enzyme required to decompose
1 pM of H202 in 1 min. With the addition of 1.0 ml of freshly prepared 20 mM H202, the
reaction is initiated. The decomposition rate of H202 was measured


http://www.sciencedirect.com/science/article/pii/S0014299906002172#bib21
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spectrophotometrically at 240 nm for 1 min. The enzyme activity was expressed as
U/mg protein.

2.14 Superoxide dismutase activity

The superoxide dismutase (SOD) activity was measured according to the
method of McCord (1994). For the determination of SOD activity, xanthine and
xanthine oxidase were used in order to generate superoxide radicals reacting with 2-
(4-iodophenyl)-3-(4-nitrophenol)-5-phenyl tetrazolium chloride, aiming to form a red
formazan dye. SOD activity was then measured at 505 nm. The results were expressed

in uSOD/mg of protein.

2.15 Micronucleus test

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

the results were expressed as the micronucleus frequency per 1000 cells.

2.16 Total protein

Total protein contents were determined by the method of Lowry et al. (1951),

using bovine serum albumin as a standard.
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2.17 Statistical analysis

The date are express as means £ S.D. All the results are were analyzed by one-
way ANOVA, and Tukey test were used for the purpose to compare any significant
differences between the control group and the therapeutic group. The significant
differences between the groups were considerate wen p < 0.05. The HPLC statistical
analysis was performed by using the free software R. version 3.1.1 (R Core Team.
2014).

3 Results

3.1 HPLC analysis

HPLC fingerprinting of Randia ferox crude extract revealed the presence of the
gallic acid (tr = 12.03 min; peak 1), chlorogenic acid (tr = 36.17 min; peak 2), rutin (tr
= 53.28 min; peak 3), quercitrin (tr = 56.76 min; peak 4), quercetin (tr = 59.31 min;
peak 5) and luteolin (tr = 65.97 min; peak 6) (Fig. 1 and Table 1). The HPLC analysis
revealed that flavonoids (quercetin, quercitrin, rutin and luteolin) and phenolics acids

(gallic and chlorogenic) are present in the crude extract of Randia ferox.
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Figure 1 — Representative high performance liquid chromatography profile of Randia ferox. Gallic acid
(peak 1), chlorogenic acid (peak 2), rutin (peak 3), quercitrin (peak 4), quercetin (peak 5) and luteolin

(peak 6).

Table 1 — Composition of Randi ferox crude extract.

o

™
min

Randia ferox

Compounds
mg/g %

Galllic acid 0.74 £5.772 0.07
Chlorogenic acid 6.38 £5.772 0.63
Rutin 5.52 + 0.012 0.55
Quercitrin 2.71 +0.01¢ 0.27
Quercetin 6.85 + 0.01° 0.68
Luteolin 1.93+£5.77¢ 0.19

LOD LOQ
pug/mL - ug/mL
0.028 0.089
0.009 0.027
0.015 0.053
0.010 0.034
0.016 0.048
0.007 0.023

The results are expressed in mean + S.D of three determinations. Averages followed by differences

letters differ by Tukey test at p < 0.05. Limit of detection (LOD) and limit of quantification (LOQ).

3.2 Acude toxicity study

The assessment of acute toxicity in female and male, after the administration of
2000 mg/Kg, showed no signs of mortality and morbidity. According to OECD 423, the
RfCE must be included in category 5 and with LDso estimated between 2000-5000

mg/Kg, its means low toxicity.
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All animals survived until their euthanasia at 15" day, also without presence of
toxicity signals such as changing of behavior, as well as food intake and modificationsin
body weight gain in both genders (Table 2). The biochemical markers were not
modified in both genders of mice. The values of ALT, AST, CRE, CHOL, GLU, and
BUN, as well the hematological parameters have not presented significant difference
between the group traded with the crude extract and the control group (data not

shown).

Table 2 — Effects of the acute administration of Randia ferox crude extract on food

intake and body weight gain of male and female Wistars rats.

Gender Control 2000 mg/Kg
Male Body weight 286.62 + 28.89  278.07 + 47.22
Food intake 286.16 + 98.55 308.16 + 110.88
Female Body weight 187.57 + 35.28 189.95 + 11.24

Food intake 201.25+95.42 210.00%110.95
Data are express as mean + SD. One way ANOVA followed by Tukey test when appropriate.

3.3 Sub-acude toxicity study

The treatment with Randia ferox crude extract in the tree concentrations (100-
400 mg/Kg) did not show differences on food intake and body weight gain in both
genders. As can be observed in Figure 2 and 3, there was a significant difference
between the group control and another two groups of treatment in the lipoperoxidation

(TBARS) and reactive oxygen species in the liver of both genders.
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Figure 2 — Lipoperoxidation in liver of Wistars rats after 28 day of treatment with Randia ferx crude
extract. Difference between the groups are considerate significant when p < 0.05 (n=5). (a) no different

of control, (b) different of control, (c) different of all groups.
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Figure 3 — Reactive oxygen species in the liver of Wistars rats after 28 days of treatment with Randia
ferox crude extract. Difference between the groups are considerate significant when p < 0.05 (n=5). (a)

no different of control, (b) different of control, (c) different of all groups.
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In Figure 4, it can be observed that the group traded with 400 mg/Kg presented
a damage in DNA comet assay, toxicity observed in the livers of both genders.
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Figure 4 — DNA comet assay damage presents after 28 days of treatment with Randia ferox crud extract
in both genders. Difference between the groups are considerate significant when p < 0.05 (n=5). (a) no
different of control, (b) different of control

In Table 3 and 4, it is possible to observe that the navels of TBARS in the livers
of both genders in the concentration 200 mg/Kg group (male: 1.323 and female:1.807
nMol/mg protein) are already smaller than in the control group, being the smallest of
all in the 400 mg/Kg (male: 1.082 and female: 1.477 Mol/mg protein). The ROS
showed a decrease in the concentration 200 mg/Kg (90.08 % in both genders), if
compared to the control group. On the 400 mg/Kg (77.66 % in both genders), such
decrease was larger than in other groups. In the analysis of DNA damage, only the
DNA comet assay presented a damage in the livers (male: 28.20 and female: 38.60%)
for the group treated with 400 mg/Kg of RfCe. The PC showed a decrease in the liver
of both genders in the 200 (male: 124.80 and female: 190.20 nMol of protein
carbonyl/mg of protein) and 400 mg/Kg (male: 117.30 and female: 178.70 nMol of
protein carbonl/mg of protein). The kidneys’ parameters did not present significant
difference among the groups, at lass in the female kidney’s that is possible to observe

increase of ROS at the tree groups.



Table 3 — Effects of sub-acute treatment with Randia ferox on the liver and kidney

parameters on male rats.

Male Control 100 mg/Kg 200 mg/Kg 400 mg/Kg
Prooxidant Liver
parameters
TBARS (nMoI/ mg 1.57 + 0.05 1.587 £ 0.05 1.323 +£0.102 1.082 + 0.07°
protein)
ROS (%) 99.05 + 3.01 100.10 + 2.68 90.08 + 3.032 77.66 + 3.95°
PC (nMol PC/mg 146.70 + 8.55 1459+ 7.12 124.8 +5.832 117.3 +8.632
protein)
Antioxidant
SOD (USOD/mg 80.58 + 4.83 77.09 + 3.47 65.35 + 21.07 74.16 + 4.65
protein)
CAT (UCAT/mg 211.90 £5.69 207.40 £9.73 209.80 £10.91 209.60 +11.15
protein)
Genotoxicity
CA (DNA damage 15.20 + 2.28 18.00 + 1.58 16.80 + 2.58 28.20 + 4.322
index)
MN (%) 1.60 + 0.89 1.80 +£ 0.83 1.80 + 0.44 1,60 + 0.89
Prooxidant Kidney
parameters
TBARS (nMOI/ mg 1.48 + 0.06 1.48 + 0.07 1.47 + 0.04 1.46 £ 0.05
protein)
ROS (%) 99.05 + 3.01 101.30 +1.89 103.00 + 2.82 102.30 + 3.47
PC (nMOI PC/mg 192.90 + 6.00 198.7 £ 6.25 199.40 +5.12 200.8 £ 4.04
protein)
Antioxidant
SOD (USOD/mg 74.33+£5.70 73.45 + 9.56 75.95 + 7.97 78.61 +4.32
protein)
CAT (UCAT/mg 279.70 £5.95 277.70 £5.51 276.10 £ 7.06 273.10 £8.33
protein)
Genotoxicity
CA (DNA damage 17.00 + 1.58 17.60 +2.40 16.40+1.14 16.80 + 1.64
index)
MN (%) 1.40 £ 0.54 1.40 + 0.54 1.40 + 0.54 1.60 + 0.54

Data are express as means = S.D. One-way ANOVA followed by Tukey test (n=5). Liver and kidney
parameters lipid peroxidation (TBARS), Reactive oxygen species (ROS), DNA comet assay (CA),

protein carbonyl (PC), catalase (CAT), Superoxide dismutase (SOD) and micronucleus (MN). Difference
between the groups are considerate significant when p < 0.05. (a) different from control, (b) different
from all groups.



Table 4 — Effects of sub-acute treatment with Randia ferox on the liver and kidney

parameters on female rats.

Female Control 100 mg/Kg 200 mg/Kg 400 mg/Kg
Prooxidant Liver
parameters
TBARS (nMoI/ mg 2.14 £ 0.07 2.16 £ 0.07 1.80 + 0.142 1.47 + 0.10b
protein)
ROS (%) 99.05 + 3.01 100.10 + 2.68 90.08 + 3.032 77.66 + 3.952
PC (nMOI PC/mg 223.60+£13.04 222.30+10.86 190.20 +£8.892 178.70 + 13.152
protein)
Antioxidant
SOD (USOD/mg 70.61 + 4.23 67.55 + 3.04 57.26 + 18.46 64.98 + 4.08
protein)
CAT (UCAT/mg 263.60 + 7.08 258.00 £12.10 261.00+13.57 260.70 +13.87
protein)
Genotoxicity
CA (DNA damage 20.80 + 3.42 24.60 + 2.07 23.00 + 3.39 38.60 = 6.102
index)
MN (%) 1.60 + 0.89 1.80 +£ 0.83 1.80 + 0.44 1.60 + 0.89
Prooxidant Kidney
parameters
TBARS (nMOI/ mg 1.26 + 0.05 1.26 + 0.06 1.26 + 0.04 1.25+0.04
protein)
ROS (%) 99.05 + 3.01 122.80 + 2.292 124.80 + 3.422 124.00 + 4.212
PC (nMOI PC/mg 207.00 £ 6.44 213.20+£6.71 213.90 £5.49 215.40 £ 4.33
protein)
Antioxidant
SOD (USOD/mg 85.12 + 6.53 84.11 + 10.96 86.98 £ 9.13 90.02 +4.94
protein)
CAT (UCAT/mg 286.10 £ 6.08 284.00 £ 5.63 282.40 £7.22 279.40 £ 8.52
protein)
Genotoxicity
CA (DNA damage 19.40 + 2.07 20.00+2.91 18.60 + 1.51 19.20 + 2.16
index)
MN (%) 1.40 £ 0.54 1.40 £ 0.54 1.40 + 0.54 1.60 + 0.54

Data are express as means = S.D. One-way ANOVA followed by Tukey test (n=5). Liver and kidney
parameters lipid peroxidation (TBARS), Reactive oxygen species (ROS), DNA comet assay (CA),
protein carbonyl (PC), catalase (CAT), Superoxide dismutase (SOD) and micronucleus (MN). Difference
between the groups are considerate significant when p < 0.05. (a) different from control, (b) different
from all groups.

Our results showed that the rats present some alterations in the biochemical
parameters (Table 5). The serum CHO in males reduced in the groups treated with
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200 and 400 mg/Kg of extract and in female increased in the 400 mg/Kg group. The
GLU levels has increased in female rats in treatment groups of 200 and 400 m/Kg if
compared to the control group. The URE levels in females treated with 400 mg/Kg of
extract were smaller than those in the control group. Other biochemical measurements

did not present alterations in both genders.

Table 5 - Effects of sub-acute treatment with Randia ferox on biochemical parameters

in male and female rats.

Sex Biochemical Study Group
parameters
Control 100 mg/Kg 200 mg/Kg 400 mg/Kg
Male ALT (U/L) 50.20 + 7.25 48.20 £ 9.95 51.50+9.11 49.40 £ 8.32
AST (U/L) 118.00+£11.40 107.50+15.92 107.80+15.33 100.80 + 18.25
CHO (mg/dL) 98.25 + 14.72 78.20 + 8.92 63.25+17.532  53.75+ 12.842
GLU (mg/dL) 300.20 + 60.21 289.80 £ 64.30 281.00+45.78 260.60 + 70.15
BUN (mg/dL) 42.40 £ 5.59 44.25 + 2.06 38.00 £ 9.82 47.60 £ 6.06
CRE (mg/dL) 0.86 £ 0.15 0.75+0.10 0.75+0.06 0.66 + 0.09
Female ALAT (U/L) 45.80 £ 5.76 44.40 + 5.36 39.60 £ 6.84 47.20 £ 8.28
ASAT (U/L) 99.40 £ 11.50 120.40+£13.46 117.60+18.11 99.40 + 7.66
CHO (mg/dL) 79.40+11.21 81.80 + 16.02 97.00 + 15.93  143.00 £+ 33.172
GLU (mg/dL) 21140 +36.59 223.20+36.49 289.35+35.01* 303.20 + 38.272
BUN (mg/dL) 51.00+8.91 63.00 + 6.37 52.25 + 5.67 44.50 £ 5.00?
CRE (mg/dL) 0.79£0.03 0.77 £ 0.06 0.93 £ 0.06 0.83 £ 0.06

Data are expressed as mean + S.D. One-way ANOVA followed by Tukey test, when appropriate. Alanine
aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol (CHO), blood sugar levels
(GLU), blood urea nitrogen (BUN) and creatinine (CRE). Difference between groups are considerate to
be significant when p< 0.05. (a) Different from the control.

According to the hematological finds, in sub-acute treatment with Randia ferox,
of blood red cells male and female rats (Table 6), there was no modification in
parameters among the groups. For the average values of white series (Table 5), there

was no significant difference for any of the groups in both genders.
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hematological

Sex

Male

Female

Hematological

paremeters

RBC (x10/uL)
HGB (g/dL)
HCT (%)

MCV (L)
MCHC (g/dL)
RDW (%)

PLT (x10%/uL)

WBC (x10%/uL)
RBC (x10/uL)
HGB (g/dL)
HCT (%)

MCV (fL)
MCHC (g/dL)
RDW (%)

PLT (x10%/uL)

WBC (x10%/uL)

Study
group
Control
8.63 £ 0.62
16.30 + 0.45
49.78 + 3.46
57.76 £ 1.45
32.74 £ 0.15
16.18 + 0.30

1023.80 +
140.74
10.72+ 1.73

8.11 £ 0.37
15.52 + 0.52
45.20 +1.43
55.84+1.01
34.28 + 0.53
15.00 £ 0.63

1127.62 +
72.48
9.40 £ 0.98

100 mg/Kg

8.24 +0.21
15.70 + 0.66
48.07 + 2.09
58.37 + 1.04
32.6 £ 0.08
15.61 £ 0.41

1011.75 +
138.36
9.42+141

7.88 £0.90
14.90 + 0.78
43.54 + 4.62
55.22 +1.40
34.00+ 0.42
15.72 +£0.15

2440.33
13.56
10.43 + 2.30

200 mg/Kg

8.39 £ 0.68
15.96 + 0.75
47.87 + 3.76
57.10+1.42
33.47 £ 0.55
15.67 £ 0.25

1050.25 +
243.24
13.62 + 2.42

7.75+0.36
15.10 £ 0.58
43.57 +1.95
56.25 +1.17
34.62 + 0.65
14.87 + 0.56

1098.00 +
126.48
9.61+0.99

400 mg/Kg

0.23 £ 0.50
15.70 £ 0.84
46.40 + 3.15
56.42 +1.01
33.82+0.99
15.60 + 0.46

961.75 +
285.32
9.57 £ 2.46

7.90 £ 0.56
15.06 £ 0.85
44.10 + 3.08
55.90 +1.38
34.13+0.56
14.93+£0.49

1159.66 +
142.20
9.33+0.90

Data are expressed as mean + S.D. One-way ANOVA followed by Tukey test, when appropriate.
Erythrocytes (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), red cells distribution width (RDW), protein (PRO),
platelets (PLT) and leukocytes (WBC). Difference between groups are considerate to be significant
when p< 0.05.

4 Discussion

The use of plants in human’s health care is an ancient costume. Usually, people

in general believe that the natural origin of plants means no risks. Some of them,

however, present significant toxicity effects, mostly as a consequence of the presence

of secondary metabolites on their composition. Besides such metabolites, several
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other factors must be investigated to properly evaluate the toxicity of a plant, such as
guantity and concentration of consumers, individual body metabolism and a part of the
plant (Mounanga, e. al., 2015).

If not adequate, instead of heling, medicinal plants treatment may actually
create other health problems. It may occurmainly because of the fact that such plants
have not been investigated to confirm their potential pharmacology and toxicology
(Florence, et. al., 2015), perhaps preventing their right dosages.

The low knowledge about the possible toxicology of some medicinal plants,
modified an investigation over the acute and sub-acute RfCE oral toxicity in rats.
Observing the HPLC analysis of RfCE, it is possible to observe six main phenolic
compounds: quercetin (6.85 mg/g), chlorogenic acid (6.38 mg/g), rutin (5.52 mg/qg),
quercitrin (2.71 mg/g) luteolin (1.93 mg/g) and gallic acid (0.74 mg/g) . This phenolic
compounds finding in RfCE is not describes in any other literature.

In acute toxicity studies, there was no mortality nor differences on body
characteristics, as well no change of behavior during the 14 days of observation. As
can observed in Table 2, there was no change in food intake and body weight gain.
According to OECD 423 guideline, the oral toxicity of this crude extract can be
classified in category 5, with a median lethal dose calculate between 2000-5000 mg/Kg
(OECD, 2001).

The RfCE oral administration, in both genders, did not present differences in
biochemical parameters. The blood levels of GLU, CHOL and URE, as well the activity
of the enzymes AST and ALT of the treated group unchanged from the control group.
This showed an absence of acute toxicity in some organs, mainly in livers and kidneys.
Besides, biochemical parameters and hematological levels were not altered between
the two groups in both genders. This low toxicity in red and white cells in acute oral
administration may mean that there was some interaction of the phenolic compounds
with the blood cells.

The disequilibrium between the generation of ROS, such as hydrogen peroxide
(H202), hydroxyl radical (OH") and superoxide anion (Oz2’), with the organism defenses
can potentially generate an oxidative stress. When antioxidant defenses are not
successful to contain the production of ROS, the presence of oxidative stress may be
related to hepatotoxicity. This overproduction of ROS can be associated with a damage
in DNA, proteins and lipoperoxidation (Teppner et. al., 2015; Rafieian-Kopaei, 2013).
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As it is possible to observed in Figure 2 and 3, the lipoperoxidation (LPO) and
the formation of ROS, in livers of the both genders presented a reduction if compare
with the reference control group. As the formation of TBARS is related to the lipid
peroxidation and is caused by the concentration of ROS, it is plausible to connect the
decrease of TBARS to the respective decrease of ROS in different extract
concentrations (Ali, et. al., 2016). The decrease of TBARS and ROS is proportional to
the Randia ferox crude extract concentration. This antioxidant potential of the leaves
is probably related to the presence of the knowledge capacity antioxidant of the
phenolic compounds (quercetin, chlorogenic acid and rutin) (Wang, et. al., 2016; Wu,
et. al., 2015).

Despite of the decrease on the livers of the females’ treated with the extract, an
increase of ROS occurred in the kidneys, as we can observed in Table 4. According to
Rafieian-Kopaei (2013), the increase of ROS in kidneys may cause damages on them,
because the endogenous antioxidant defenses may not be enough to avoid an
oxidative stress and lipid peroxidation. Although that, as can be seen in Table 4, there
was not modifications in endogenous antioxidant defenses and TBARS, showing that
there was not lipid peroxidation. Therefore, the obtained results indicate that the
formation of ROS in kidneys is not a cause for several damage.

Some substances can induce a DNA damage when interact with the cells. The
DNA CA and the MN test are broadly employed to measure the DNA damage induced
to xenobiotic compounds that may cause oxidative stress (Claudio, et. al., 2016). It is
possible to observe in Figure 4 an increase of CA in livers of the group treated with the
high dose (400 mg/Kg) of RfCE. According to Jacociunas et. al. (2013), the chlorogenic
acid in high concentrations may be a pro-oxidant agent that can to facilitate the
formation of free radicals. Those radicals can induce a DNA damage. Another factor
may be a, oxidation of catechol. Present in flavonoids structures such a quercetin, this
oxidation product may alkylate the DNA. Therefore, the high concentration of RfCE,
consequently a high concentration of chlorogenic acid and quercetin, may have
induced a DNA damage.

One product of oxidative stress is carbonyl protein. If as a process of oxidation
in cells, the protein presents it is also oxidize, this oxidation occurred with an
introduction of a carbonyl groups (C=0) in protein molecule. In this way, a high quantity
of carbonyl protein can be considered a marker of the consequence of protein cells

oxidative products, being usually useful to indicate a protein damage (Stocker, et. al.,
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2015). In Table 3 and 4, it can be seen that both genders treated with 200 and 400
mg/Kg of RfCE showed a decrease of PC formation in the livers. As mentioned before,
these groups had a decrease of ROS and TBARS that in fact may imply a reduction of
oxidize cells protein.

Cholesterol is a sterol essential for many membrane cells, being a percussion
of steroid hormone and bile acids. CHO is produced in the liver and can also be
ingested with derivate animal food. Plants, on the other hand, are not a source of this
sterol (Albuquerque, et. al., 2015). According to Wang, L. et. al. (2015), a liver damage
imply decrease of CHO blood levels. As it is possible to observe in Table 5, the groups
of 200 and 400 mg/Kg of males treated with RfCE presented a decrease of CHO levels
(63.75 and 53.75 mg/dL, respectively). However, Lima et. al. (2014) describes that a
reference value for CHO levels in healthy rats blood ranges between 45 and 76 mg/dL.
Therefore, besides the significant difference between this groups and the control, those
levels are not considered a liver damage index. In female group, the increase of CHO
levels in the group treated with 400 mg/Kg of RfCE may be justified with the increase
of the GLU at the same group. According with Olatunji et al. (2012), the insulin
resistance or glucose intolerance can cause an increase of LDL cholesterol blood
levels.

No significant changes in body weight gain and food intake were observed in all
groups of both genders. With exception of CHO, all other analyzed biochemical
parameters did not present significant differences from the control group in males.
However, in females groups treated with 200 and 400 mg/Kg of RfCE, an increase of
GLU blood levels occurred. Thereby Weigt, et. al. (2015) states that estradiol hormone
can modulate a glucose homeostasis and the GLU blood levels only change
significantly in the female gender, a hormonal variation is probably what have induced
the hyperglycemia. Some kidneys’ damage conditions have as a consequence an
increase of urea and creatinine blood levels (Zhybak, et. al., 2016). In Table 5, it can
be seen, in the 400 mg/Kg female group, a decrease in BUN levels (44.50 mg/dL).
Although, according to Lima et. al. (2014), this level of BUN is within the track of healthy
BUN levels (24-49 mg/dL) in female rats.

Although the quercetin and rutin present an anti-thrombotic capacity (Dajas, et.
al., 2015; Dar, et. al., 2012), the hematological parameters (Table 6) of sub-acute

toxicity showed no significant difference between the groups treated and the control in
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rats. Therefore, these results imply that the concentration of RfCE metabolites is not

enough to interactive and change the red and white blood cells measure.

5 Conclusion

This present study concluded that the RfCE of Randia ferox did not evidence
toxicity after administration of 2000 mg/Kg in male and female rats Wistars. Therefore,
this acute dose is considered safe and classified as category 5, according to OECD
432. After 28 days of treatment with different doses, it was observed a biochemical
change in ROS, TBARS and PC in livers at the 200 and 400 mg/Kg groups, which
represent a potential antioxidant capacity of RfCE. However, the damage in DNA CA
in livers at 400 mg/Kg demonstrated that the RfCE in higher doses may cause toxic
effects. When it was compered both gender, is possible observe that female gender
has some parameters changed, this may be caused by hormonal variations.
Nevertheless, more investigations about safety of the RfCE are required.

Acknowledgments

The author acknowledge the financial support of FAPERGS and CNPg/Brazil.

The author received donation of the commercials kits of the company Bioclin/Quibasa.

References

Aebi, H., 1984. Catalase in vitro L. Packer (Ed.), Methods in Enzymology. Academic
Press, San Diego. 105, 121-126.

Albuquerque, T. G.; Oliveira, M. B. P. P.; Sanches-Silva, A.; Costa, H. S., 2016.
Cholesterol determination in foods: Comparision between high performance and
ultra-high performance liquid chromatography. Food Chemistry. 193, 18-25.



49

Alerico, G. C.; Beckenkamp, A.; Vignoli-Silva, M.; Buffon, A.; L. von Poser, G., 2015.
Proliferative effect of plants used for wound healing in Rio Grande do Sul, state of
Brasil. 176, 305-310.

Ali, I.; Liu, B.; Farooq, M. A.; Islam, F.; Azizullah, A.; Yu, C.; Su, W.; Gan, Y., 2016.
Toxicological effects of bisphenol A on growth and antioxidante defense system in
Oriza sativa as revealed by ultrasctructure analysis. Ecotoxicology and
Environmental Safety. 124, 277-284.

Berton, T.R.; Conti, C.J.; Mitchell, D. L.; Aldaz, C. M; Lubet, R.A.; Fischer S. M. 1998.
The effect of vitamin E acetate on ultraviolet-induced mouse skin carcinogenesis
Mol. Carcinogen., 23, pp. 175-184 186 (1990), pp. 464—-478.

Bitu, V. C. N.; Bitu, V. C. N.; Matias, E. F. F.; Lima, W. P.; Portelo, A. C.; Coutinho, H.
D. M.; Menezes, I. R. A. M., 2015. Ethnopharmacological study of plants sold for
therapeutic purposes in public markets in Northeast Brazil. Journal of
Ethnopharmacology. 172, 265-272.

Carvalho, A. C. B.; Ramalho, L. S.; Marques, R. F. O.; Perfeito, J. P. S., 2014.
Regulation of herbal medicines in Brazil. Journal of Etnopharmacology. 158, 503-
506.

Claudio, S. R.; Gollucke, A. P. B.; Yamamura, H.; Morais, D. R.; Bataglion, G. A,;
Eberlin, M. N.; Peres, R. C.; Oshima, C. T. F.; Ribeiro, D. A., 2016. Purple carrot
extract protects against cadmium intoxication in multiple organs of rats:
Genotoxicity, oxidative stress and tissue morphology analyses. Journal of Trace
Elements in Medicine and Biology., 33, 37-47.

Collins, A. R., 2009. Investigating oxidative DNA damage and its repair using the comet
assay. Mutation Research. 681, 24-32.

Colpo, E., Vilanova, C.D.D.A., Reetz, L.G.B., Duarte, M.M.M.F., Farias, I.L.G.,
Meinerz, D.F., Mariano, D.O.C., Vendrusculo, R.G., Boligon, A.A., Corte, C.L.D.,
Wagner, R., Athayde, M.L., Rocha, J.B.T., 2014. Brazilian nut consumption by
healthy volunteers improves inflammatory parameters. Nutrition 30, 459-465.

Dajas, F.; Abin-Carriquiry, J. A.; Arredondo, F.; Blasina, F.; Echeverry, C.; Martines,
M.; Rivera, F.; Vaamonde, L., 2015. Quercetin in brain deseases: Potential and
limits. Neurochemistry International. 89, 140-148.



50

Dang, L.; Van Damme, E. J. M., 2015. Toxic protein in plants. Phytochemistry. 117,
51-64.

Dar, M. A.; Tabassum, N., 2012. Rutin- potent natural thrombolytic agent. International
Current Pharmaceutical Journal. 1, 531-535.

Florence, N. T.; Clarice, D. N.; Hubert, D. J.; Raceline, G. K.; Adolphe, M.; Pierre, K.;
Theophile, D., 2015. Acute and sub-acute toxicity of a lyophilised aqueous extract
of the aerial part of Spilanthes africana Deline in rats. Journal of
Etnopharmacology. 172, 145-154.

Hubsch, Z.; Van Zyl, R. L.; Cock, I. E.; Van Vuuren, S. F., 2014. Interactive
antimicrobial and toxicity profiles of conventional antimicrobials with Sourhern
African medicinal plants. South African Journal of Botany. 93, 185-197.

Jacociunas, L. V.; Andrade, H. H. R.; Lehmann, R.; Abreu, B. R. R.; Ferraz, A. B. F.;
Silva, J.; Grivicich, I.; Dihl, R. R., 2013. Artichoke induces genect toxicity in the
citokineses-block micronucleus (CBMN) cytome assay. Food and Chemical
Toxicology. 55, 56-59.

LeBel, C. P.; Ischiropoulos, H.; Bondy, S. C., 1992. Evaluation of the Probe 2',7’-
Dichlorofluorescein as an Indicator of Reactive Oxygen Species Formation and
Oxidative Stress. Chem. Res. Toxicol. 05, 227-231.

Leonhardt, C.; Calil, A. C.; Souza, L. S.; Silva, V. S., 2008. Comportamento
germinativo de sementes de limoeiro-do-mato Randia ferox (Cham. & Schlecht)
DC. (Rubiaceae) armazenadas em camera seca. Pesq. Agrop. Gaucha. Porto
Alegre. 14, 161-167.

Levine, R. L.; Garland, D.; Oliver, C. N.; Amici, A.;Climent, I.; Lenz,A. G.; Ahn, B. W_;
Shaltiel, S.; Stadtman, E. R., 1990. Determination of carbonyl contents in
oxidatively modified proteins Methods Enzymol., 186, 464-478.

Lima, C. M.; Lima, A. K.; Melo, M. G. D.; Déria, G. A. A,; Leite, B. L. S.; Serafini, M. R.;
Albuquerque-Junior, R. L. C.; Araujo, A. A. S., 2014. Valores de referéncia
hematolégicos e bioquimicos de ratos (Rattus novergicus linhagem Wistars)
provenientes do biotério da Universidade Tiradentes. Scientia Plena. 10, 01-09.

Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J., 1951. Protein measurement
with folin phenol reagent J. Biol. Chem., 193, 265-275.



51

McCord, J. M. 1994. Mutant mice, Cu, Zn superoxide dismutase, and motor neuron
degeneration. Science. 266, 1586—-1587.

Mounanga, M. B.; Mewono, L.; Angone, S. A., 2015. Toxicity studie of medicinal plants
used in sub-Saharan Africa. Journal of Ethopharmacology. 174, 618-627.

Myrhe, O.; Andersen, J. M.; Aarnes, H.; Fonnum, F. 2003. Evaluation of the probes
2’, 7’-dichlorofluorescin diacetate, luminol, and lucigenin as indicators of reactive
species formation. Biochemical Pharmacology. 65, 1575-1582.

Olatuniji, L. A.; Michael, O. S.; Adewumi, F. O.; Aiyeboyin, I. J.; Olatunji, V. A. 2012.
Combined estrogen-progesterogen but not progesterogen only oral contraceptive
alters glucose tolerance and plasma lipid profile in female rats. Pathophysiology.
19, 29-34.

Organization  for Economic  Cooperation and Development (OECD),
1995.Guideline 407. Repeated-dose 28-day Oral Toxicity Study in Rodents. July
1995. 468 Adopted by the Council on 27%.

Organization for Economic Cooperation and Development (OECD), 2001.
Guideline 423. Acute Oral Toxicity — Acute Toxic Class Method. December 2001.
470 Adopted by the Council on 17%.

Parra, A. L.; Yhebra, R. S.; Sardifias, I. G.; Buela, L. I., 2001. Comparative study of the
assay of Arthemia salina L. and the estimate of the medium lethal dose (LD50
value) in mice, to determine oral acute toxicity of plant extract. 8, 395-400.

Parthiban, R.; Vijayakumar, S.; Prabhu, S.; Yabesh, J. G. E. M., 2015. Quantitative
traditional knowledge of medicinal plants used to treat livestock diseases from
Kudavasal taluk of Thiruvarur district, Tamil Nadu, India. Revista Brasileira de
Farmacognosia. Disponivel em: <http://dx.doi.org/10.1016/j.bjp.2015.07.016>

R Core Team., 2014. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-
project.org/.

Rafieian-Kopaei, M., 2013. Medicinal plants for renal injury prevention. Journal of
Renal Injury Prevention. 2, 63-65.



52

Saraiva, M. E.; Ulisses, A. V. R. A.; Ribeiro, D. A.; Oliveira, L. G. S.; Macédo, D. G,;
Sousa, F. F. S.; Menezes, I. R. A.; Sampaio, E. V. S. B.; Souza, M. M. A., 2015.
Plant species as a therapeutic resource in areas of the savanna in the State of
Pernambuco, Northeast Brazil. 171, 141-153.

Silva, A.R.H.; Moreira, L.R.; Brum, E.S.; Freitas, M.L.; Boligon, AA.; Margareth, L.A,
Roman, S.S.; Mazzanti, C.M.; Brandao, R., 2014. Biochemical and hematological
effects of acute and sub-acute administration to ethyl acetate fraction from the
stem bark Scutia buxifolia Reissek in mice. Journal of Ethnopharmacology 153,
908-916.

Stocker, P.; Ricquebourg, E.; Vidal, N.; Villard, C.; Laffite, D.; Sellami, L.; Pietri, S.,
2015. Fluorimetric screening assay for protein carbonyl evaluation in biological
samples. Analytical Biochemistry. 482, 55-61.

Teppner, M.; Boss, F.; Ernst, B.; Pahler, A., 2015. Application of lipid peroxidation
protucts as biomarkers for flutamide-induced oxidative stress in vitro. Toxicology
Letters. 238, 53-59.

Thomas, P.; Harvey, S.; Gruner, T.; Fenech, M., 2008. The buccal cytome and
micronucleus frequency is substantially altered in Down's syndrome and normal
ageing compared to young healthy controls. Mutation Research/Fundamental and
Molecular Mechanisms of Mutagenesis. 638, 37-47

Wang, G.; Kang, S.; Yin. Z.; Jia, R-Y.; Lai, X.; Zhou, X.; Liang, X.-X.; Li, L.-X.; Zou, Y .-
F.; Lv, C.; He, C-L.; Ye, G.; Yin, L-Z.; Jing, B., 2015. Therapeutic effect of Chinese
patent medicine “Wuhuanghu” on porcine infections pleuropneumonia and its
acute and subchronic toxicity as well as evaluation of safety pharmacology.
Environmental Toxicology and Pharmacology. 40, 388-396.

Wang, L.; Chen, C.; Su, A. Zhang, Y.; Yuan, J.; Ju, X. 2016. Structural characterization
of phenolic compounds and antioxidant activity of the phenolic-rich fraction of
defatted adlay (Coix lachrymal-jobi L. var. ma-yuen Stapf) seed meal. Food
Chemistry. 196, 509-517.

Weigh, C.; Hertrampf, T.; Flenker, U.; Hilsemann, F.; Kurnaz, P.; Fritzermeier, K. H.;
Diel, P., 2015. Effects of estradiol, estrogen receptor subtype-selective agonist and
genistein on glucose metabolism in leptin resistant female Zucker diabetic fatty
(ZDF) rats. 154, 12-22.



53

Wu, D.; Bao, C.; Li, L.; Fu, M.; Wang, D.; Xie, J.; Gong, X., 2015. Chlorogenic acid
protects against cholestatic liver injury in rats. Journal of Pharmacological Science.
1-6.

Zhybak, M.; Beni, V.; Vagin, M. Y.; Dempsey, E.; Turner, A. P. F.; Korpan, Y., 2016.
Creatinine and urea biosensors based on a hovel ammonium ion-selective copper-
polyaniline nano-composite. Biosensors and Bioelectronics. 77, 505-511.



54

5 CONSIDERACOES FINAIS

Segundo a OMS, a maioria dos paises subdesenvolvidos recorre a terapias de
origens naturais, sendo que 85% destes utiliza plantas medicinais como terapia. Uma
crenca que ainda existe nos dias atuais é que produtos de origem natural ndo
possuem toxicidade (MACHADO, et. al.,, 2014, p. 528). Porém, alguns estudos ja
relataram a presenca de compostos em plantas capazes de interagir com
medicamentos, alimentos e de também causarem danos a saude (BALBINO, DIAS,
2010, p. 992). A espécie Randia ferox Cham & Schlecht) DC. é popularmente
conhecida como “limoeiro-do mato” e é distribuida da regido Centro até o Sul do Brasil,
na cultura popular as suas folhas sdo usadas como cicatrizantes (LEONHARDT, et.
al., 2008, p. 161; NOELLI 1998, p. 192). Baseado no fato de a maioria das plantas
medicinais ndo possuem estudos sobre a seus compostos e seguranca, motivou-se a
fazer um estudo para quantificar seus metabdlitos secundarios através da CLAE,
avaliar a toxicidade aguda e sub-aguda do extrato bruto das folhas desta espécie,
assim como também uma avaliar a sua genotoxicidade no figado e no rim.

Na quantificacdo do extrato bruto das folhas de Randia ferox, foi quantificado
seis polifendis, sao eles: quercetin (6,85 mg/g), acido clorogénico (6,38 mg/g), rutina
(5,52 mg/g), quercitrina (2,71 mg/g), luteolina (1,71 mg/g) e &cido galico (0,71 mg/qg).
A quantificacdo e presenca desses polifendis nas folhas da espécie Randia ferox, até
entdo, ndo haviam sido relatados na literatura.

A toxicidade aguda do extrato bruto (EB) das folhas da espécie seguiu as
diretrizes estipuladas pela Organizagdo para a Cooperacdo e Desenvolvimento
Econdmico (OECD) 423 (2001), com algumas modifica¢cdes. Segundo a OECD 423,
na toxicidade aguda € possivel analisar quais seréo os efeitos toOxicos em um periodo
curto de tempo (14 dias), para a exposicdo através da administracdo de um
xenobidtico. Os grupos testes (3 machos e 3 fémeas) foram tratados com uma uUnica
dose de 2000 mg/Kg de EB e os grupos controles com agua destilada. Durante o
periodo do experimento, ndo foi observado nenhuma morte e também nenhuma
alteracdo do peso corporal e ingestdo de alimento. Na avaliagdo bioquimica e
hematoldgica do sangue, ndo observou-se diferenca significativa entre os grupos

tratados e os controles, concluindo que uma dose Unica do EB nédo é capaz de causar
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toxicidade. Através desses dados, o EB da planta foi classificado, segundo a OECD
423, como categoria 5. Ou seja, estima-se que a sua dose letal estq entre as
concentracdes de 2000 e 5000 mg/Kg de EB.

Para a avaliacédo da toxicidade sub-aguda do EB, foi utilizado o Guia da OECD
407 (1995), com algumas modificagdes. Ao todo, foram 40 ratos Wistar (20 machos e
20 fémeas) que foram divididos em quatro grupos cada sexo: o grupo controle tratado
com agua e 0s grupos que receberam o EB oralmente nas seguintes concentracdes
100, 200 e 400 mg/Kg de peso corporal. Os animais foram tratados durante o periodo
de 28 dias com uma Unica dose diaria de agua ou EB nas suas diferentes
concentracdes. Durante o experimento nao foi observado nenhuma morte, diferenca
na ingestao de comida ou ganho de peso corporal.

Em relacéo a lipoperoxidacéo (LPO), as espécies reativas de oxigénio (ROS) e
a formacao de proteina carbonil (PC), foi possivel observar uma diminuicdo nos niveis
hepéticos dos grupos tratados com o extrato nas concentragdes 200 e 400 mg/Kg.
Segundo Zheng et al. (2015, p. 93, 96), o acido clorogénico possui uma potente
atividade antioxidante e também uma capacidade hepatoprotetora. Outro metabdlito
presente no EB da espécie e que também possui uma atividade antioxidante é a
quercetina (BAGDAS, e al., 2015, p. 59). Portanto, através dos resultados pode-se
sugerir uma capacidade antioxidante do EB no figado. No rim das fémeas houve um
aumento de ROS em todos os grupos tratados com o EB, porém como nao houve
alteracdes em outros testes como a LPO, PC e parametros bioquimicos marcadores
de danos renais, nao foi considerado uma toxicidade renal.

Na avaliacdo da genotoxicidade no figado e no rim, n&o houve altera¢des renais
nos parametros analisados. Porém, nos animais tratados com a dose de 400 mg/Kg
de EB, foi observado um aumento do DNA cometa, sugerindo uma genotoxicidade
nessa dose. De acordo com Bagdas et. al. (2015, p. 59), o acido clorogénico em
elevadas concentracdes pode ter uma atividade pro-oxidante, ou seja, ele pode causar
oxidacado e assim ser toxico para o DNA. Outro metabdlito que também possui esse
efeito pré-oxidante é o flavonoide quercetina.

Dentre os parametros bioquimicos analisados, foi possivel observar que nos
machos ocorreu uma diminuicdo do colesterol (63,,75 e 53,75 mg/dL) nas
concentracdes de 200 e 400 mg/Kg, respectivamente. Porém, de acordo com Lima et.
al. (2014, p. 4), os niveis de colesterol nesses grupos sédo consideraveis dentro da

faixa normal de referéncia que corresponde a 45-76 mg/dL. Nas fémeas os valores de
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glicose se demonstraram elevados nos grupos tratados com 200 e 400 mg/Kg de EB.
Entretanto, como as mesmas alteragbes nédo foram observadas nos machos desse
mesmo grupo, acredita-se que essa variacdo glicémica seja devido a variacdes
sanguineas do estradiol (WEIGT, et al.,2015, p. 19). Outras diferencas na bioquimica
do sangue nao foram observadas.

Os parametros hematolégicos ndo demonstraram diferenca significativa dos
grupos tratados com o EB da espécie Randia ferox em relagdo ao controle. Esses
resultados sugerem que os compostos presentes no EB das folhas ndo causaram
toxicidade no sistema hematopoiético dos ratos.

Frente aos resultados expostos, pode-se sugerir que o estrato bruto das folhas
da espécie Randia ferox € seguro quando tratado agudamente. Em relacdo ao
tratamento sub-agudo, pode-se dizer que o tratamento ndo apresentou toxicidade nos
parametros analisados. Entretanto, houve uma genotoxicidade no figado do grupo
tratado com a maior concentragdo do extrato. Contudo, maiores estudos devem ser
feitos para analisar esses efeitos fisioldgicos causados pela administracao sub-aguda

da planta.
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6 CONCLUSOES

e Na analise da CLAE do extrato bruto das folhas foi possivel quantificar o
acido clorogénico, rutina, quercetrina, luteolina, acido galico, sendo que
a quercetin foi o metabdlito de maior concentragéo.

e Na avaliacdo da toxicidade agua nao foi observado mortalidade
morbidade, assim como diferenca no ganho de peso, ingestao de comida
e na analise bioquimica e hematoldgica. O extrato foi classificado na
categoria 5, com dose letal estimada entre 2000 e 5000 mg/Kg, segundo
0 Guia da OECD 423.

¢ Na toxicidade subaguda né&o foi observado mudancgas no ganho de peso
e na ingestao de comida. Assim como, durante os 28 dias de tratamento
nao ocorreram mortes.

e Na analise bioquimica do sangue, houve uma diminui¢cdo dos nivel de
colesterol total nos grupos 200 e 400 mg/Kg dos machos, os niveis foram
considerados dentro dos normais e uma possivel hepatotoxicidade foi
descartada. As fémeas tratadas com essas mesmas concentracoes
obtiveram uma hiperglicemia, o que foi associada a variagdes
hormonais.

e Nos parametros hematolégicos ndo houve nenhuma alteracdo dos
grupos tratados com relacdo ao grupo controle, o que sugere a falta de
toxicidade no sistema hematopoiético.

¢ Na analise bioquimica do figado, nos grupos tratados com 200 e 400
mg/Kg do extrato bruto, ocorreu uma diminui¢ao na lipoperoxidagéo e no
percentual de espécies reativas de oxigénio, assim como na formacao
de proteina carbonil. No qual sugere uma atividade hepatica antioxidante
do extrato. No rim das fémeas foi observado um aumento de espécies
reativas de oxigénio em todos os grupos tratados com o extrato bruto da
planta, porém como n&o houve outras alterac6es indicativas de estresse
oxidativo, ndo foi considerada uma atividade nefrotoxica.

e No que se refere a genotoxicidade, foi possivel observar um aumento do

DNA cometa no figado dos grupos de ambos os géneros tratados com a
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planta na concentracdo de 400 mg/Kg. Sugerindo um efeito pro-oxidante
e genotoxico de altas concentracdes do metabdlitos presentes nas
folhas.

Frente ao exposto, maiores estudos devem ser feitos para avaliar a
toxicidade e possivel genotoxicidade do extrato bruto das folhas da
espécie Randia ferox.

Para estudos futuros pretende-se avaliar a capacidade cicatrizante

descrita no uso popular da espécie.
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