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RESUMO

AVALIACAO DA TOXICIDADE DO EXTRATO BRUTO DAS FOLHAS DE Hibiscus
rosa-sinensis Linn. E DO EFEITO DA RADIACAO GAMA SOBRE ESSE EXTRATO

AUTORA: Fernanda Ziegler Reginato
ORIENTADORA: Liliane de Freitas Bauermann
COORIENTADORA: Gilberti Helena Hiibscher Lopes

Hibiscus rosa-sinensis Linn., planta pertencente a familia Malvaceae e popularmente conhecida como
hibisco, mimo-de-vénus e hibisco-da-china, é utilizada na medicina tradicional como promotora do
crescimento de cabelo, para melhorar a digestdo, estimular o fluxo menstrual, bem como no
tratamento da dor, fadiga e doencas de pele. Ademais, alguns estudos atribuem-lhe propriedades anti-
inflamatdria, antidiabética, anti-helmintica e antitumoral. Da mesma forma que o hibisco, muitas
outras plantas sdo empregadas como terapéuticas, porém, para isso é imprescindivel que néo
apresentem toxicidade nem contaminantes. A radia¢do ionizante € uma promissora op¢ao para a
descontaminagdo e conservagdo de plantas. Tendo em vista a grande utilizagdo das folhas de H. rosa-
sinensis para 0 combate de patologias, 0 objetivo desse trabalho foi avaliar a seguranca associada ao
seu uso, determinando a toxicidade oral aguda e subaguda do extrato bruto das folhas de H. rosa-
sinensis (CELH), além de quantificar os metabdlitos secundérios e a atividade antioxidante desse
extrato. Outro objetivo foi verificar o efeito que a radiacdo ionizante desempenha nos niveis de
constituintes, atividade e toxicidade dessa planta. Para isso, parte do CELH foi irradiado com radiagdo
gama de ®Co na dose de 1 kGy. O extrato bruto ndo irradiado (CELH-NIr) e o irradiado (CELH-Ir)
foram submetidos aos mesmos testes: dosagem de polifendis totais e flavonoides, identificagdo e
quantificagdo de constituintes por meio de CLAE-UV, determinacdo da atividade antioxidante in vitro,
e avaliagdo da toxicidade aguda e subaguda do extrato, como preconizado pelos Guias 423 e 407 da
OECD, respectivamente. No estudo agudo, CELH-NIr e CELH-Ir foram administrados oralmente em
uma Unica dose (2000 mg/kg) a ratos Wistar fémeas, seguindo-se de minuciosa observacgao diéria dos
animais acerca de mudancgas comportamentais, sinais de toxicidade e mortalidade, por 14 dias. Ja na
avaliagdo subaguda, ambos os extratos foram administrados oralmente em trés doses (100, 200 e 400
mg/kg) durante 28 dias a diferentes grupos de ratos Wistar machos e fémeas. Durante os dois estudos,
0s animais tiveram seu peso corporal monitorado, e ao final deles, pardmetros bioguimicos e
hematoldgicos foram avaliados. O CELH apresentou expressiva atividade antioxidante, a qual foi
potencializada pela radiacdo gama. Esta causou reducdo na concentracdo de flavonoides e polifendis
totais presentes na folha de H. rosa-sinensis. Através da CLAE-UV, identificou-se o composto acido
maslinico, que também teve sua concentragdo diminuida no CELH-Ir. Ndo foram observadas
alteracBes comportamentais ou quaisquer sinais de toxicidade nos animais tratados com CELH.
Valores de peso corporal, peso relativo dos 6rgdos e parametros hematolégicos ndo foram alterados
com o tratamento. Importantes marcadores de funcdo hepatica e renal também ndo apresentaram
variacdo, indicando que tanto CELH-NIr como CELH-Ir ndo sdo hepato ou nefrotéxicos. Pequenas
variagbes observadas em outros parametros bioguimicos ndo seguem padrdo dose-resposta nem
ocorrem igualmente nos dois sexos, ainda assim sugere-se que mais estudos sejam realizados para
avaliar o efeito do hibisco por maiores periodos e esclarecer se as alteracGes estdo relacionadas a
planta. A radiacdo gama ndo interferiu na auséncia de toxicidade apresentada pelo hibisco e pode ser
atil para potencializar propriedades terapéuticas da planta.

Palavras-chave: Hibiscus rosa-sinensis. Toxicidade oral. Plantas medicinais. Radiacdo gama.



ABSTRACT

ASSESSMENT OF THE TOXICITY OF THE CRUDE EXTRACT OF Hibiscus rosa-
sinensis Linn. LEAVES AND THE EFFECT OF GAMMA RADIATION ON THIS
EXTRACT

AUTHOR: Fernanda Ziegler Reginato
ADVISOR: Liliane de Freitas Bauermann
CO-ADVISOR: Gilberti Helena Hiibscher Lopes

Hibiscus rosa-sinensis Linn., plant belonging to the family Malvaceae and popularly known as
hibiscus, “mimo-de-vénus” and “hibisco-da-china”, is used in traditional medicine as hair growth
promoters, to improve digestion, to stimulate menstrual flow, as well as in the treatment of pain,
fatigue and skin diseases. In addition, some studies attribute to it anti-inflammatory, antidiabetic,
anthelmintic, and antitumor properties. Similarly to hibiscus, many other plants are used as
therapeutic, however, for this it is indispensable that they do not present toxicity or contaminants.
lonizing radiation is a promising option for the decontamination and conservation of plants.
Considering the widespread use of the leaves of H. rosa-sinensis to combat pathologies, the aim of this
work was to evaluate the safety associated to its use, determining the acute and subacute oral toxicity
of the crude extract of the leaves of H. rosa-sinensis (CELH), besides quantifying the secondary
metabolites and the antioxidant activity of this extract. Another aim was to verify the effect that
ionizing radiation plays in the levels of constituents, activity and toxicity of this plant. For this, part of
the CELH was irradiated with gamma radiation of ®°Co at a dose of 1 kGy. Crude extract non-
irradiated (CELH-NIr) and irradiated (CELH-Ir) were submitted to the same tests: Total polyphenols
and flavonoids dosage, identification and quantification of constituents by HPLC-UV, determination
of the antioxidant activity in vitro, and evaluation of the acute and subacute toxicity of extract, as
recommended by OECD guidelines 423 and 407, respectively. In the acute study, CELH-NIr and
CELH-Ir were administered orally in a single dose (2000 mg/kg) to female Wistar rats, followed by
minute daily observation of the animals on behavioral changes, signs of toxicity and mortality, for 14
days. At the subacute evaluation, both extracts were administered orally in three doses (100, 200 and
400 mg/kg) for 28 days in different groups of male and female Wistar rats. During the two studies, the
animals had their body weight monitored, and at the end of the study, biochemical and hematological
parameters were evaluated. The CELH presented expressive antioxidant activity, which was
potentiated by gamma radiation. This caused a reduction in the concentration of flavonoids and total
polyphenols present in the leaves of H. rosa-sinensis. Through the analysis by HPLC-UV, the
compound maslinic acid was identified, which also had its concentration decreased in the CELH-Ir.
No behavioral changes or any signs of toxicity were observed in animals treated with CELH. Values
of body weight, relative organs weight and hematological parameters were not altered with the
treatment. Significant markers of hepatic and renal function also showed no variation, indicating that
both CELH-NIr and CELH-Ir are not hepato or nephrotoxic. Slight variations observed in the other
biochemical parameters do not follow a dose-response pattern nor do they occur in both sexes,
however, it is suggested that further studies are conducted to evaluate the effect of the hibiscus for
longer periods and to clarify if the changes are related to the plant. Gamma radiation did not interfere
in the absence of toxicity presented by the hibiscus and may be useful to potentiate therapeutic
properties of the plant.

Keywords: Hibiscus rosa-sinensis. Oral toxicity. Medicinal plants. Gamma radiation.
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1 INTRODUCAO

1.1 PLANTAS MEDICINAIS E MEDICAMENTOS FITOTERAPICOS

O Brasil é o pais com uma das maiores riquezas biologicas do planeta, sendo
conhecido pela sua ampla biodiversidade, a qual associada a grande diversidade social, com
diferentes culturas, praticas e conhecimentos, resulta em um valioso saber acerca dos produtos
naturais e suas aplicacdes terapéuticas (BRASIL, 2016). Desde os primérdios da humanidade
até os dias atuais, a natureza significa uma importante provedora de agentes terapéuticos,
sendo que os compostos naturais originaram mais de 50% dos medicamentos que sdo
utilizados hoje e continuam sendo essenciais para as companhias farmacéuticas na busca por
novos farmacos (RUBAN & GAJALAKSHMI, 2012). Esses medicamentos séo sinbnimos de
inovacdo no mercado e tém atraido a atencdo de empresas, tornando-se competitivos frente
aos remédios alopaticos e dessa forma alcancaram significativa porcentagem do faturamento
da industria farmacéutica, com as vendas crescendo a cada ano (BRASIL, 2016). Até mesmo
nos paises desenvolvidos a aceitacdo dos remédios naturais é grande, principalmente como
complementar a medicina tradicional (AMENYA et al., 2014).

A fitoterapia € um método de tratamento caracterizado pela utilizacdo de plantas
medicinais em suas diferentes preparaces sem a utilizagdo de substéncias ativas isoladas,
ainda que de origem vegetal. As diferentes preparacdes de plantas medicinais, citadas
anteriormente, constituem a planta medicinal em seu estado fresco, a droga vegetal, o
derivado de droga vegetal e o fitoterapico. Planta medicinal é a espécie vegetal, cultivada ou
ndo, utilizada com propositos terapéuticos, sendo que planta fresca é aquela coletada no
momento do uso. Quando a planta passa por processos de coleta, estabilizacdo e/ou secagem
ela passa a ser denominada droga vegetal. O derivado de droga vegetal é o produto de
extracdo da droga vegetal, ou seja, extrato, tintura, 6leo, cera e outros. J& 0 medicamento
fitoterapico é o produto obtido de planta medicinal, ou de seus derivados, exceto substancias
isoladas, com finalidade profilatica, curativa ou paliativa (BRASIL, 2016).

Em 2006 o Ministério da Saude publicou a Politica Nacional de Plantas Medicinais e
Fitoterapicos (Decreto n° 5.813/2006), objetivando assegurar a populagéo brasileira o acesso
seguro e o uso racional de plantas medicinais e fitoterapicos, promovendo o uso sustentavel
da biodiversidade, o desenvolvimento da cadeia produtiva e da indudstria nacional. No ano de
2013 essa politica beneficiou cerca de seis mil pessoas, que tiveram, através do Sistema Unico

de Saude (SUS), um tratamento de saude a base de plantas medicinais e fitoterapicos, e em
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trés anos o numero de beneficiados aumentou 161%. Foram quase 16 mil pessoas que
buscaram as farmécias de atencdo basica para receber os insumos naturais no ano de 2015. O
SUS oferta doze medicamentos fitoterapicos, sendo o guaco (Mikania glomerata), a
espinheira-santa (Maytenus ilicifolia) e a isoflavona-de-soja (Glycine Max) os mais utilizados
na rede publica brasileira (BRASIL, 2006; PORTAL BRASIL, 2016).

Dessa forma, observa-se a importancia das plantas medicinais para a salde da
populacéo e o grande potencial que esses produtos apresentam, podendo vir a originar muitos
novos farmacos, mas para isso elevada gama de estudos com relacdo a eficicia, dose e

seguranca Sao necessarios.

1.1.1 Familia Malvaceae e espécie Hibiscus rosa-sinensis Linn.

A familia Malvaceae é composta por ervas, subarbustos, arbustos, lianas e arvores de
pequeno e grande porte, possuindo em torno de 250 géneros e 4.200 espécies, dos quais 80
géneros e 400 espécies sdo encontrados no Brasil (SOUZA & LORENZI, 2005; VADIVEL et
al., 2016). As plantas pertencentes a essa familia sdo muito variadas e algumas delas tém
consideravel valor econdmico, tal como o Gossypium barbadense (algoddo), que é a principal
fibra cultivada, além de representar a segunda maior cultura de oleaginosa (GAD et al., 2013)
e 0 Theobroma cacao (cacau) e Abelmoschus esculentus (quiabo), notaveis cultivos agricolas
(RAHMAN & GONDHA, 2014).

Outra caracteristica da familia Malvaceae é o grande nimero de espécies que sdo
plantas ornamentais em jardins. Hibiscus syriacus, Hibiscus rosa-sinensis e Alcea rosea séo
importantes exemplos (VADIVEL et al., 2016). Ademais, diversas plantas dessa familia sdo
consideradas medicinais, sendo o Hibiscus um género bastante utilizado no tratamento de
patologias. Hibiscus mutabilis Linn. é conhecido por aliviar sintomas e queixas pulmonares,
além de suas flores serem estimulantes (RAHMAN & GONDHA, 2014). As sementes de
Hibiscus sabdariffa Linn. sdo empregadas para reduzir hiperlipidemia e hipercolesterolemia,
representando uma rica fonte de fibras (NYAM et al., 2014; ALl & EL-ANANY, 2017). Ja
para o Hibiscus rosa-sinensis Linn. sdo relacionadas propriedades terapéuticas a varias
estruturas da planta, como flores, folhas e raiz (PEKAMWAR et al., 2013). Entre 0S usos
tradicionais das folhas estdo promover o crescimento de cabelo, melhorar a digestdo e como
antidiarreico, promover a drenagem de abscessos, estimular o fluxo menstrual, bem como no
tratamento da dor, fadiga e doencas de pele (JADHAV et al., 2009; KUMAR & SINGH,
2012)
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H. rosa-sinensis Linn., um dos principais representantes do género Hibiscus e da
familia Malvaceae, € um arbusto florido largamente disseminado nas regiGes tropicais e
subtropicais do planeta (NATH & YADAYV, 2016), sendo conhecido popularmente como
hibisco, mimo-de-vénus, hibisco-da-china e na regido amazo6nica é também chamado de
pampola, aurora, firmeza-dos-homens, amor-de-homens e pampulha (figura 1). E uma planta
hibrida, resultante do cruzamento de vérias espécies, e pode medir até 3 metros de altura
(SILVA et al., 2016). As flores do hibisco tém variadas cores, porém as mais utilizadas como
medicinais sdo as variacdes de flores vermelhas (JADHAYV et al., 2009). As folhas do hibisco
tém forma ovada simples ou ovada-lanceolada, tendo a base inteira e o &pice grosseiramente
dentado (KUMAR & SINGH, 2012).

Figura 1 — Flor de Hibiscus rosa-sinensis Linn.

Fonte: Autora.

Alguns estudos avaliaram propriedades terapéuticas do hibisco. Kandhare e
colaboradores (2012) constataram que o extrato hidroalcoolico das folhas de H. rosa-sinensis
tem potente valor terapéutico na colite experimental induzida com é&cido acético em ratos
Wistar, através da atividade antioxidante e da inibicdo de mediadores pro-inflamatérios como
oxido nitrico e fator de necrose tumoral-alfa (TNF-a). J& Arullappan e colaboradores (2013)
avaliaram a atividade citotoxica do extrato das folhas de hibisco contra linhagem de células de
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cancer leucémico K-562, constatando que o extrato metandlico das folhas exibiu uma
atividade citotoxica significativa contra a linhagem de células leucémicas.

Aziz e colaboradores (2015), por sua vez, verificaram que o extrato etanolico das
folhas de H. rosa-sinensis possui significativo efeito anticatarata em um modelo in vitro de
catarata induzida por glicose em lentes de cabra, sendo que essa atividade pode ser atribuida a
propriedade antioxidante apresentada pelo extrato. Além disso, Nath e Yadav (2016)
constataram que o extrato das folhas do hibisco € um importante recurso para o controle de
infeccdes intestinais helminticas, ao verificar o efeito anticestoda desse extrato contra o
helminto cestdédeo Hymenolepis diminuta, conhecido como “ténia do rato”.

No estudo desenvolvido por Sahu (2016), que objetivou avaliar o possivel efeito
hepatoprotetor do extrato alcodlico das folhas de H. rosa-sinensis contra danos ao figado
causados por piroxicam em camundongos, verificou-se que, enquanto utilizado sozinho, o
piroxicam ocasionou um relevante incremento na atividade das enzimas marcadoras de leséo
hepética no soro dos animais. Porém, quando ao tratamento com esse AINE (anti-inflamatorio
ndo esteroidal) foi associado o extrato das folhas do hibisco, a atividade dessas enzimas
tornou-se bastante semelhante a dos animais controle, indicando a protecdo hepatica
desempenhada pelo extrato contra a toxicidade induzida pelo piroxicam.

Baseado no grande nimero de propriedades medicinais atribuidas ao H. rosa-sinensis
e tendo em vista sua ampla utilizacdo, salienta-se a importancia de conhecer possiveis riscos

associados ao seu uso.

1.1.2 Metabdlitos secundarios de plantas

Os vegetais sintetizam compostos de diferentes maneiras, e esses produtos podem ser
classificados em duas categorias. Uma delas é a producdo de compostos essenciais a todos 0s
seres vivos, chamados de metabdlitos primarios ou macromoléculas, que sdo as proteinas,
lipidios e glicidios. A transformacdo desses metabolitos primarios origina o segundo grupo,
conhecido como metabdlitos secundarios ou micromoléculas, 0s quais sdo encontrados em
apenas determinados grupos de plantas, geralmente em concentragdes baixas. Os metabolitos
secundarios tém importantes funcbes para as plantas, tais quais atuar como toxinas e
dissuasorios alimentares, com o proposito de defesa, e atrair polinizadores, a fim de assegurar
sua reproducdo (POSER, 2017). Segundo Shakya e colaboradores (2017), quando a planta
detecta sinais de perigo através de seus sensores e receptores, ativa resposta de defesa,

incluindo o metabolismo secundario. Uma série de fatores pode induzir resposta de defesa nas
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plantas, como agentes bioldgicos (componentes de paredes celulares microbianas), agentes
quimicos (metais pesados) e agentes fisicos (radiacdo ultravioleta (UV), ozénio, estresse
hidrico e osmético) (SHAKYA et al., 2017). Dessa forma, supde-se que a radiacdo gama
poderia também atuar como um indutor da sintese de metabolitos secundarios.

Um dos mais importantes grupos de compostos secundarios sdo os polifenois, dada
sua rica distribuicdo em plantas das mais variadas espécies e dos efeitos benéficos que Ihes
sdo atribuidos. Os polifendis podem ser divididos em subgrupos — acidos fendlicos,
flavonoides, taninos, cumarinas, lignanas e estilbenos, sendo comum a todos a presenca de
anel aromatico com pelo menos duas hidroxilas como substituintes em sua estrutura
(BUBOLS, 2013).

Os metabolitos secundarios, compostos com estruturas e atividades variadas e
complexas, além de desempenharem importantes funcfes para as plantas também apresentam
notaveis propriedades farmacoldgicas. Aos polifendis sdo relatadas atividades anti-
hipertensiva, hipoglicemiante, hipocolesterolémica, cardioprotetora (VOGEL et al., 2015) e
antineoplasica (FERRUELDO et al., 2014). Aos flavonoides atribui-se a capacidade de modular
a atividade de enzimas e interferir em sistemas celulares (GRANATO et al., 2013), e assim
exercer papel anti-inflamatério, antioxidante (ABDALLAH & ESMAT, 2017), gastroprotetor
(ALl KHAN et al., 2017), neuroprotetor (RAMALINGAYYA et al., 2017), entre outros.
Salienta-se o grande significado desses metabolitos na busca por compostos terapéuticos e a

necessidade da sua preservacdo nos vegetais apds processamento.

1.2 TOXICIDADE DE PLANTAS MEDICINAIS

Casos de toxicidade relacionados as plantas medicinais sdo comuns, principalmente
devido a ideia de que, por ser natural, o uso medicinal de plantas é seguro; o fato de o
paciente ocultar do médico e/ou farmacéutico o uso de uma planta como medida terapéutica,
por considerar ser “apenas um cha”, podendo vir a usar um medicamento que tenha interacao
medicamentosa com a planta e cause um efeito deletério; e a existéncia de grande nimero de
produtos falsificados e de ma qualidade no mercado. Por considerar que as plantas sdo
inofensivas e ndo causam danos a saude, por vezes, ndo ha associacdo entre a utilizacéo
dessas e possiveis efeitos colaterais que ocorram ap6s o uso das mesmas. Deste modo, é
grande o nimero de casos de toxicidade ndo notificados, o que torna bastante dificil precisar
um namero de ocorréncias (NEEGHEEN-BHUJUN, 2013).



21

Rodrigues e colaboradores (2011) salientam que as plantas podem ter efeitos
teratogénicos, embriotdxicos e abortivos, entre elas o alecrim (Rosmarinus officinalis) que €
abortivo, o boldo (Vernonia condensata) que é embriotdxico e a horteld (Mentha piperita) que
¢ teratogénica. Entretanto para a maioria das plantas ndo ha dados a respeito do uso na
gravidez e os dados existentes sdo escassos e contraditorios. Castro (2006) também relata a
toxicidade de algumas plantas, como o coentro (Coriandrum sativum L.), o qual, se usado em
grandes doses, pode causar lesbes renais, o confrei (Symphytum officinale L.), que pode ser
hepatotdxico e carcinogénico, o cravo da india (Syzygium aromaticum L.), quando usado em
excesso ocasiona irritacdo gastrica e queimadura nas mucosas, e o funcho (Foenicolum
vulgare Mill) que se usado em concentragéo superior a 20 g/L pode ser convulsivante.

Foi relatado que Aloe, género conhecido por ter propriedades anti-inflamatdrias,
antiproliferativas e antienvelhecimento, muito utilizado com fins medicinais, € responsavel
por induzir hepatotoxicidade. Em um dos casos descritos, uma mulher de 57 anos fez uso de
comprimidos com 250 mg de extrato de Aloe arborescens e 28,5 mg de extrato de Aloe vera
durante seis meses. Os exames laboratoriais dessa paciente revelaram atividades elevadas das
enzimas alanina aminotransferase (ALT) (565 U/L), aspartato aminotransferase (AST) (331
U/L) e fosfatase alcalina (ALP) (309 U/L), para as quais se tem 0s seguintes valores
considerados normais: ALT até 31 U/L, AST até 32 U/L e ALP de 65 a 300 U/L. A
administracdo dos comprimidos foi interrompida, e, doze dias apds a descontinuagdo, a
atividade da ALT chegou ao seu maior nivel (926 U/L), diminuindo gradualmente a dosagem
normal com o passar de varias semanas (YANG et al., 2010; BELO HORIZONTE, 2016).

Sendo assim, verifica-se a importancia dos testes para avaliacdo da toxicidade e para
auxiliar no uso seguro das plantas, em funcéo de que elas podem ser consideradas inofensivas,
mas ainda assim ocultarem graves efeitos, e o fato de, na maioria das vezes, a toxicidade estar
relacionada com a dose na qual a planta é administrada.

A resolucdo n°® 90/2004 da Agéncia Nacional de Vigilancia Sanitaria (ANVISA)
orienta a realizacdo de estudos de toxicidade pré-clinica de fitoterapicos, indicando que

devem ser feitas avaliacOes de toxicidade aguda e de doses repetidas (ANVISA, 2004).
1.2.1 Toxicidade oral aguda e de dose repetida
A avaliacdo da toxicidade das plantas pode ser realizada através de diferentes

protocolos, entre 0s quais o0s guias da Organizagdo para Cooperacdo Econbmica e

Desenvolvimento (OECD - Organization for Economic Cooperation and Development)
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ganham destaque por serem aceitos mundialmente como métodos padrdo para testes de
seguranga. Para o estudo da toxicidade oral aguda, um dos mais empregados € a diretriz 423 —
Método da classe tdxica aguda, que utiliza doses pré-definidas — 5, 50, 300 ou 2000 mg/kg,
sendo a dose inicial escolhida aquela que se espera ocasionar a morte de um dos animais. A
substancia teste é classificada em categorias baseada na identificacdo da dose que causa
mortalidade, ndo objetivando obter uma dose letal média (LDsg) precisa. Esse guia tem a
vantagem de ser reprodutivel e utilizar poucos animais (OECD, 2001a; OECD, 2001b). A
dose selecionada para o presente estudo foi a mais alta (2000 mg/kg), sendo a mais propensa a
causar mortalidade, uma vez que, fundamentado em estudos anteriores, ndo se espera que as
doses mais baixas ocasionem tal efeito (SACHDEWA et al., 2001; KANDHARE et al.,
2012).

A toxicidade de dose repetida das plantas pode ser analisada através do guia 407 da
OECD - Estudo de toxicidade oral de dose repetida de 28 dias em roedores, que tem como
principio a administracdo oral diaria de doses graduadas a diferentes grupos de tratamento,
sendo uma dose por grupo, administrada durante 28 dias. Pelo menos dez animais, 5 fémeas e
5 machos, devem ser utilizados por grupo, havendo no minimo trés grupos de teste (OECD,
2008). Para esse estudo foram escolhidas as doses 100, 200 e 400 mg de CELH/kg de peso
corporal, as quais foram selecionadas baseado em estudos prévios (SACHDEWA et al., 2001;
KANDHARE et al., 2012; ATEBA et al., 2014).

1.3 IRRADIACAO

A industria farmacéutica é muito rigorosa em relagdo a qualidade da matéria-prima
utilizada, sendo a analise microbiol6gica do material empregado um dos principais quesitos
avaliados, fazendo-se indispensavel a utilizacdo de técnicas de descontaminacao. Para isso,
utiliza-se o processo de esterilizagao total ou somente diminui¢do da carga microbiana inicial,
atraveés de métodos quimicos (como o da fumigacdo com oxido de etileno) e fisicos (tal qual a
irradiacdo). A irradiacdo pode empregar diferentes fontes, como raios gama, raios x e feixes
de elétrons, e também variadas doses, dependendo do objetivo (SANTOS, 2008; PEREIRA et
al., 2016).

Em 2001, a ANVISA aprovou a resolugdo RDC n° 21, constando o Regulamento
Técnico para Irradiacdo de Alimentos. Esse preconiza que a irradiacdo ndo deve ser utilizada
em substituicdo as boas praticas de fabricagdo e/ou agricolas e que qualquer alimento pode ser

tratado por radiacdo, desde que a dose minima absorvida seja suficiente para alcancar o
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objetivo proposto e a dose méxima absorvida seja inferior aquela que comprometeria as
propriedades funcionais e/ou atributos sensoriais do alimento (ANVISA, 2001).

A radiacdo ionizante vem sendo aplicada em diversos produtos como método de
conservacdo e descontaminacio, e sugere-se que a radiacdo gama de Cobalto 60 (*°Co) é a
opcdo mais eficiente quando trata-se de produtos vegetais (SANTOS, 2008; SILVA, 2010).
Radiacdo ionizante é a radiacdo transmitida por particulas de alta energia (particulas alfa,
prétons, elétrons) ou ondas eletromagnéticas (raios X, raios gama) que possuem energia
suficiente para remover elétrons de valéncia de um atomo, produzindo consequentemente a
sua ionizacdo. Os raios gama sdo ondas eletromagnéticas (fotons) de alta energia, sem carga
elétrica e sem massa, portanto, extremamente penetrantes, produzidos em processos
nucleares, como a fissdo nuclear e o decaimento de radioisotopos (PINO & GIOVEDI, 2005).

Entre as vantagens desta técnica destacam-se ndo ser necessaria a utilizacdo de calor e
0s materiais poderem ser esterilizados embalados, eliminando assim o risco de nova
contaminacgdo apos a realizagdo do procedimento (PINO & GIOVEDI, 2005). Ressalta-se que
0 processo de irradiacdo ndo aumenta o nivel normal de radioatividade da planta,
independente do tempo durante o qual o produto é exposto a radia¢do, uma vez que ele ndo
entra em contato direto com a fonte radioativa, e sim com a energia emitida pela fonte
(SILVA, 2010).

Um dos equipamentos que tem o *°Co como fonte de radiagdo é o Theratron 780C
(figura 2-B), utilizado nesse trabalho para irradiacdo do extrato bruto das folhas de H. rosa-
sinensis. Esse equipamento é empregado também no tratamento de pacientes com cancer,
utilizando o principio da teleterapia, que é quando a fonte de radiacdo esta posicionada
distante do tecido neoplésico (cerca de 80 a 100 cm). O Theratron 780C é usado
principalmente na radioterapia de tumores profundos, como cancer de pulméo, colo do Utero,
bexiga e préstata. De modo geral, o tratamento consiste em doses de 2 Grays (Gy)
administradas em varias sessdes de 1 a 2 minutos, totalizando uma dose de 20 a 60 Gy
(NANDI, 2004).

Para os alimentos e plantas utilizam-se doses muito maiores do que as usadas no
tratamento de neoplasias humanas. Para a descontaminagéo e conservagéo de alimentos, dose
de até 1 quilogray (kGy) e considerada baixa, sendo suficiente para inibir brotamentos, atrasar
maturacdo, desinfestacdo e inativacdo de parasitas; irradiacdo de dose media (1 kGy a 10
kGy) é eficiente para diminuir o nimero de microorganismos decompositores e reducdo ou

eliminacdo de patogenos ndo formadores de esporos; e irradiacdo de dose alta (acima de 10
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kGy) é capaz de reduzir o nimero de microorganismos ao ponto de esterilidade (SILVA,
2010).

Ao avaliar os efeitos da radiacdo gama (1 e 10 kGy) na cor, composi¢cdo quimica e
atividade antioxidante do extrato das folha de Ginkgo biloba, Pereira e colaboradores (2015)
constataram que a dose de 1 kGy ¢ a ideal para manter o perfil nutricional da planta, proteger
moléculas especificas e aumentar a atividade antioxidante da infusdo e extratos metanolicos
preparados a partir de suas folhas. Assim, essa foi a dose de radiacdo selecionada para o
presente estudo, no qual parte do extrato bruto obtido das folhas do hibisco foi acondicionado
em tubos de vidro (figura 2-A), que foram completamente vedados e imersos em agua para
passar pelo processo de irradiacdo. Quando o material ¢ irradiado estando totalmente imerso,

a radiacdo é espalhada pela agua e atinge o ponto irradiado por todos os angulos (OMI, 2006).

Figura 2 — A. Extrato bruto das folhas de Hibiscus rosa-sinensis acondicionado em tubos de
vidro. B. Irradiador Theratron 780C.

Fonte: Autora; NAJAFI et al., 2017.

Silva (2011) avaliou o efeito da esterilizacdo por radiacdo gama na camomila
(Chamomilla recutita L. Rauschert), utilizando doses de radiacdo de 1; 3; 5 e 20 kGy. A

analise do perfil cromatografico da planta por cromatografia gasosa revelou que com o
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aumento da dose de radiagdo ocorreram mudangas no perfil, pois houve variacdo da
quantidade de substancias encontradas em cada extrato, com a degradacdo de certos
compostos e possivelmente o surgimento ou aumento nos niveis de outros. Com isso,
observa-se que ao realizar o controle de qualidade microbioldgico através da irradiagéo,
outros compostos presentes nos vegetais também podem ser afetados. Portanto, sdo
fundamentais estudos para avaliar o emprego desse método a fim de prevenir eventuais

alteracdes na matéria-prima.

1.4 CAPACIDADE ANTIOXIDANTE

Outro estudo relevante, tratando-se de produtos naturais, € a determinacdo da
capacidade antioxidante dos mesmos. Radicais livres sdo especies produzidas
fisiologicamente no metabolismo normal das células, em processos inflamatérios, isquemia e
durante a préatica de atividade fisica, além disso, ha algumas causas externas, como tabagismo,
drogas e poluentes, que favorecem a sua producdo (CAROCHO & FERREIRA, 2013). Por
possuirem um ou mais elétrons ndo pareados na sua camada de valéncia, essas espécies sao
muito reativas e instiveis. Na tentativa de estabilizar-se, retiram elétrons de moléculas
préximas, causando-as danos (GARG et al., 2012). A fim de combater os radicais livres, os
organismos Vvivos sintetizam substancias capazes de regenerar ou prevenir danos oxidativos,
chamados antioxidantes enddgenos. Essas defesas podem também ser adquiridas de fontes
externas, como alimentos e bebidas, sendo estes antioxidantes exdgenos (ALVES et al.,
2010).

Em condic¢Bes normais, a producdo das espécies reativas é equilibrada pela acdo dos
sistemas antioxidantes de defesa. Porém, quando as concentracdes de radicais livres tornam-se
maiores que as de antioxidantes, acontece o estresse oxidativo, evento caracterizado pelo
desequilibrio entre os compostos capazes de causar dano e aqueles protetores do organismo
(HALLIWELL & GUTTERIDGE, 2007). Moléculas de proteina, &cido desoxirribonucleico
(DNA), acido ribonucleico (RNA), glicidios e lipidios sdo as mais afetadas pelas espécies
reativas, e esta bem descrito na literatura que esses danos estdo associados a vasta gama de
patologias, como distirbios neurologicos, neurodegenerativos e cardiovasculares, cancer,
diabetes mellitus e suas complicacgdes, artrite reumatoide, entre outras (ALAM et al., 2013;
CAROCHO & FERREIRA, 2013).

Dessa forma, uma opgdo para prevenir essas doengas pode ser a ingestdo de alimentos

com antioxidantes. Algumas dessas substancias sintéticas utilizadas industrialmente, como o
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hidroxitolueno butilado (BHT) e hidroxianisol butilado (BHA), tém sido relacionadas a lesdes
hepéticas e desenvolvimento de céancer, intensificando a busca por compostos naturais, que
sejam nao toxicos ao organismo e tdo eficazes quanto os sintéticos. Diversas substancias
antioxidantes estdo presentes nas plantas, entre as quais se destacam o acido ascérbico,
tocoferois, flavonoides, acidos fendlicos, carotenoides e minerais, como selénio e zinco. Eles
apresentam diferentes mecanismos de agdo e agem em variados radicais, por isso uma
combinacdo de substancias antioxidantes pode ser mais eficaz e apresentar melhores
resultados do que se utilizado um composto isoladamente (KRISHNAIAH et al., 2011;
ALAM et al., 2013; CAROCHO & FERREIRA, 2013).

Um método preciso, rapido, simples, econdmico e Util para determinar a habilidade de
uma substancia em capturar radicais livres in vitro € o procedimento fundamentado na
eliminacdo do 2,2-difenil-1-picrihidrazila (DPPH). Esse composto é um radical livre organico
que possui cor purpura e absorcdo a 515-520 nm. Quando um composto antioxidante doa
elétron ou atomo de hidrogénio a esse radical, ocorre a sua reducdo, passando a apresentar cor
amarelo-palido e uma menor absorbancia, que pode ser medida espectrofotometricamente. O
resultado pode ser expresso como valor de ICs (concentracdo inibitéria 50), definida como a
concentracdo de antioxidante necessaria para diminuir a concentracao inicial do radical DPPH
em 50%, a qual é determinada por meio da representacdo grafica da inibicdo percentual do
radical DPPH em funcgéo da concentragéo do antioxidante (OLIVEIRA, 2015).

1.5 OBJETIVOS
1.5.1 Objetivo geral

Avaliar a toxicidade aguda e subaguda (28 dias) do extrato bruto das folhas de
Hibiscus rosa-sinensis Linn., bem como analisar o efeito da radiagdo gama de *°Co nos niveis
de constituintes, atividade antioxidante e toxicidade do extrato dessa planta.
1.5.2 Objetivos especificos

¢ Quantificar polifendis totais e flavonoides presentes nas folhas de H. rosa-sinensis
Linn.

e ldentificar e quantificar compostos das folhas da planta por Cromatografia Liquida de
Alta Eficiéncia (CLAE).
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e Determinar a atividade antioxidante in vitro do extrato bruto ndo irradiado e irradiado
das folhas de H. rosa-sinensis Linn.

e Avaliar a toxicidade oral aguda ex vivo do extrato bruto ndo irradiado e irradiado das
folhas de H. rosa-sinensis Linn. em ratos.

e Avaliar a toxicidade oral subaguda ex vivo do extrato bruto néo irradiado e irradiado
das folhas de H. rosa-sinensis Linn. em ratos.

e Comparar os resultados obtidos nos testes com o extrato nao irradiado e irradiado e

analisar as possiveis alteragdes causadas pela radiacdo gama.

2 MANUSCRITO

Essa dissertacdo tem os seus materiais e métodos e resultados estruturados na forma de
um artigo cientifico, de acordo com as normas da revista cientifica selecionada para a

submissdo do mesmo.

2.1 SAFETY EVALUATION (ACUTE AND SUBACUTE STUDIES) OF NON-
IRRADIATED AND IRRADIATED CRUDE EXTRACT OF Hibiscus rosa-sinensis
Linn. LEAVES IN WISTAR RATS
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Abstract

Ethnopharmacological relevance: Hibiscus rosa-sinensis Linn., popularly known as hibiscus,
“hibisco-da-china” and “mimo-de-vénus”, is a plant widely spread and easily found in tropical
and subtropical regions of the world. Its leaves are used in traditional medicine as hair growth
promoters, to improve digestion and as an antidiarrheal, to promote drainage of abscesses, to
stimulate menstrual flow, treatment of pain, fatigue and skin diseases.

Aim of the study: To evaluate the safety of the acute and subacute oral use of the crude extract
of the leaves of H. rosa-sinensis Linn. (CELH), as well as to investigate the effect of the
gamma radiation on this extract.

Materials and Methods: Part of the CELH obtained was subjected to ®°Co gamma radiation at
a dose of 1 kGy. In acute study, non-irradiated and irradiated crude extract were administered
orally in a single dose (2000 mg/kg) to female Wistar rats, whereas in the subacute study,
male and female Wistar rats were treated at doses of 100, 200 and 400 mg/kg, during 28 days.
Biochemical and hematological parameters and body weight and organs of the animals were
evaluated. The extracts were also submitted to the determination of antioxidant activity and
chemical constituents by HPLC-UV.
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Results: The crude extract presented remarkable antioxidant activity, which was potentialized
by gamma radiation, which caused a decrease in the concentration of compounds present in
CELH, including the maslinic acid, constituent identified by HPLC-UV. Body weight and
relative organs weight values were not altered with treatment, as well as biochemical and
hematological indices did not demonstrate clinically important variations, except for an
increase in the blood levels of triglycerides and glucose.

Conclusions: Our results indicate that CELH does not cause hepato or nephrotoxicity nor
signs of systemic toxicity, being safe when used in the conditions applied in this work.
Gamma radiation did not interfere in the absence of toxicity presented by the extract and may
be useful to potentiate therapeutic properties of the hibiscus.

Keywords: Hibiscus rosa-sinensis; Oral toxicity; Medicinal plants; Safety assessment;

Gamma radiation; Rats.

Chemical compounds studied in this article: Maslinic acid (PubChem CID: 73659).

1 Introduction

Brazil has a valuable biodiversity, possessing the greatest variety of flora and fauna in
the world, with 15 to 20% of the total number of species on the planet. In addition, the
Brazilian population consists of a wide variety of ethnicities and cultures, resulting in a
knowledge about the planting, cultivation and consumption of natural products for therapeutic
purposes (Brasil, 2016). This practice has a very ancient origin, being a source of treatment
and cure of diseases for millennia, and it is estimated that 80% of the world population have
plants as the first option for healthcare (Brasil, 2015).

Although many medicinal plants help in the prevention and treatment of diseases, they
can trigger toxic processes to the human organism. Thus, it is advised that the consumption of
such products to be based on studies that prove their efficacy and absence of toxicity (Rivas et
al., 2013). Moreover, the innocuity of such products is essential, since contaminants such as
fungi and bacteria can compromise the safety associated with their use. A widely used method
for the decontamination, disinfestation, preservation and increase of the quality of the plants is
irradiation, physical process that does not use high temperatures and presents benefits like not
using chemical products and, therefore, not leaving chemical residues in the product, the plant

can be consumed immediately after processing, as well as being effective against a broad
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spectrum of bacteria, insects and other contaminants, prolonging shelf life of the product
(Pereira et al., 2016a; Roberts, 2014).

Hibiscus rosa-sinensis Linn., a plant of the Malvaceae family, is a bush native to
tropical Asia, however, it has spread and can now be easily found in tropical and subtropical
regions of the world. Known as hibiscus, “hibisco-da-china” and “mimo-de-vénus”, it can
reach 3m in height and has large flowers in various colors. Numerous therapeutic properties
are attributed to different parts of the plant, such as leaves, flowers and roots, which are used
in popular medicine mainly in the form of infusions (Goldberg et al., 2017; Nath and Yadav,
2016; Silva et al., 2016). Among the traditional uses of the leaves are the promotion of hair
growth, to improve digestion and antidiarrheal, to promote drainage of abscesses, to stimulate
menstrual flow, as well as the treatment of pain, fatigue and skin diseases (Jadhav et al., 2009;
Kumar and Singh, 2012).

Therefore, the aim of the present study was to evaluate the safety of acute and
subacute use of the crude extract of the leaves of H. rosa-sinensis (CELH), as well as to

investigate the effect of gamma radiation on this plant.

2 Materials and methods
2.1 Plant material and obtention of extract

Leaves of H. rosa-sinensis were collected in Santa Maria, Rio Grande do Sul, Brazil,
in April 2015 (coordinates 29°42'10.1"S and 53°50'52.6"W). The plant was identified in the
herbarium of the Department of Biology at Universidade Federal de Santa Maria (UFSM),
and a voucher speciment was deposited for reference purposes under registration number
15440-SMDB (Santa Maria Department of Biology).

Leaves of H. rosa-sinensis were dried in a circulating air oven at 40 °C and reduced to
the powdered in a knife mill. The powder was then submitted to hydroalcoholic maceration
with ethanol 70% at room temperature for 28 days with daily agitation. During this period, the
solvent of the maceration was renewed four times for the total extraction of the metabolites of
the leaves. Posteriorly, the contents were filtered, obtaining the hydroalcoholic extract, which
was concentrated in a rotary evaporator and lyophilized to obtain the crude extract (CELH).
The CELH was stored in an air-protected container at a temperature of approximately 4 °C.
The extraction yield obtained was 21.92% (Yield (%) = (mass of the extract/mass of the plant
material) x 100).
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2.2 Irradiation of crude extract

Part of CELH was irradiated with ®°Co gamma rays at a dose of 1 kGy. The extract
was placed in glass tubes, which were sealed properly and immersed in water. This procedure
was performed in the radiotherapy sector of the Universitary Hospital of Santa Maria
(HUSM) of UFSM, using Theratron 780C irradiator. Scientific Commission of the
Management of Teaching and Research of HUSM approved this work under the number
095/2015.

CELH irradiated (CELH-Ir) and non-irradiated (CELH-NIr) were subjected to the
same tests in order to evaluate if exposition to gamma radiation causes alteration in the

constituents of the plant and in the possible toxic effect developed by it.

2.3 Chemical and reagents

All chemical were of analytical grade. Solvents for the extractions and analytical
procedures were acquired from Merck (Darmstadt, Germany). Maslinic acid, gallic acid,
ascorbic acid and rutin were acquired from Sigma Aldrich Co. (St. Louis, Misouuri, USA).
The ultrapure water was obtained from a Milli-Q Synergy UV (Merck Millipore,Darmstadt,
Germany) system.

2.4 Determination of total polyphenols content

The total polyphenol content was performed by the Folin—Ciocalteu method with
slightly modifications performed by Chandra and Meija (2004). The samples were read at 730
nm in spectrophotometer. The assay was performed with CELH-NIr and CELH-Ir, in
triplicate, and the total polyphenol content was expressed in milligrams gallic acid equivalent
(GAE)/g dry fraction. The equation obtained for the calibration curve of gallic acid in the
range of 0.005 - 0.030 mg/mL was y = 15.635x + 0.0194 (r = 0.9671). Data are presented as

mean + standard deviation.

2.5 Determination of total flavonoids content

The determination of the flavonoid content followed the method described by Woisky

and Salatino (1998), which uses AICl; 2% solution and spectrophotometer reading at 420 nm.
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The assay was performed with the CELH-NIr and CELH-Ir, in triplicate. The flavonoid
content was calculated by the equation y = 4.2561x + 0.0052 (r = 0.9999), obtained from the
analytical curve elaborated in the range of 0.012 to 0.200 mg/mL, using rutin as standard. The
results were expressed as milligrams rutin equivalent (RE)/g dry fraction and presented as

mean + standard deviation.

2.6 Radical-Scavenging Activity — 2,2-diphenyl-1-picrylhydrazyl (DPPH) Assay

The evaluation of the antioxidant capacity by the colorimetric method of DPPH was
performed as described by Choi et al. (2002). The CELH-NIr and CELH-Ir were evaluated at
concentrations of 250; 125; 62.5; 31.25; 15.62 and 7.81 ug/mL. Each sample was mixed with
1.0 mL of DPPH 0.3 mM in ethanol solution. After 30 minutes, the absorption was measured
at 518 nm. A solution of DPPH (1 mL, 0.3 mM) in ethanol (2.5 mL) was used as a negative
control. The test was performed in triplicate and the percent inhibition of the DPPH radical

was calculated by the equation described:

% inibition = 100 - {[(Astamp|e - Absb|ank) /AbSContro|] X 100}

Where: Abssampie IS absorbance of CELH; AbsSyank is absorbance of CELH without
adding the DPPH; Abscontrol IS absorbance the solution of DPPH in ethanol.

After calculation of inhibition of DPPH radical in percentage, it was produced an
inhibition percentage graphic versus the concentration of the extract used, having as standard
the ascorbic acid. The ICsy (concentration of extract (ug/mL) capable of inhibiting 50% of the
DPPH activity) of the extracts was calculated by the equation of the line. The results are

expressed as mean + standard deviation.

2.7 Analysis of apolar compounds by HPLC-UV

To identify and quantify the apolar compounds present in the CELH-NIr and CELH-Ir
was used the method described by Schmidt (2016), which uses reverse phase chromatography
with ultraviolet detection (UV-Vis). The chromatographic system Dionex used has pump
P680 model, UVD-170 detector and manual injection with handle of 100 pL. The
chromatographic separation was carried out with a C18 Kinetex — 250 mm x 4.6 mm

(Phenomenex), packed with 5 um diameter particles, with precolumn of the same nature. The
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isocratic elution was conducted using mobile phase consists of acetonitrile and
tetrahydrofuran in the proportion of 90:10. The flow used was 0.5 mL.min™ and the peaks
were detected at 210 nm. Chromatographic operations were performed in triplicate at room

temperature.
2.8 Animals

Male (170-210 g) and female (120-150 g) Wistar rats were obtained from Biotério
Central da Universidade Federal de Santa Maria. The animals were acclimatized to the
standard local conditions for one week prior to the experimental trials and mantained at a
controlled temperature of 22 + 2 °C, with a 12:12 h light/dark cycle and had free access to the
standard food of rodents and clean drinking water. All the procedures used in the present
study were approved by the Comité de Etica no Uso de Animais of our university under the
number 5306210116.

2.9 Acute oral toxicity

The acute oral toxicity study was performed according to OECD (Organization for
Economic Cooperation and Development) guideline 423 (OECD, 2001). Healthy female rats
were divided into three groups of three animals each. To the first group was administered
distilled water, to the second and third group was administered CELH-NIr and CELH-Ir,
respectively, at a single dose of 2000 mg/kg. Prior to treatment, the animals were fasted
overnight with free access to water. The crude extract was solubilized in fresh distilled water
immediately prior to administration. Water and extract solutions were administered by oral
gavage, respecting the volume of administration of 1 mL/100 g body weight.

After the administration, activity and coordination of the motor system, autonomic
central and peripheral nervous systems activities, behavioral changes and possible mortality
were observed during the first 30 minutes, periodically during the first 24 hours and,
thereafter, daily during 14 days. The weight of each animal was determined shortly before the
test substance was administered and daily during the study period.

After 14 days, animals were fasted overnight (with free access to water) and
anesthetized with thiopental (25 mg/kg, intraperitoneally — i.p), associated with lidocaine
hydrochloride (10 mg/mL). Blood was collected by cardiac puncture followed by euthanasia
with deepening of the anesthetic thiopental (150 mg/kg ip). Blood samples collected with and
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without anticoagulant ethylene diamine tetraacetic acid (EDTA) were used for the analysis of
hematological and biochemical parameters, respectively. Kidneys and liver were removed for
macroscopic analysis in order to evaluate possible changes in the structure, stiffness or

coloring of surfaces. The determination of acute oral toxicity was performed in duplicate.

2.10 Sub-acute oral toxicity

Assessment of oral toxicity after repeated doses for 28 days followed OECD guideline
407 (OECD, 2008). Male and female Wistar rats were distributed in 7 groups of 10 animals
each (5 male and 5 female, n=70). To the group 1 (control group) was administered distilled
water, groups 2-4 was administered CELH-NIr at doses of 100, 200 and 400 mg/kg,
respectively, while to the groups 5-7 was administered CELH-Ir at the same doses (100, 200
and 400 mg/kg, respectively). The doses were selected based on previous studies (Sachdewa
et al., 2001; Kandhare et al., 2012; Ateba et al., 2014).

The crude extracts were solubilized in fresh distilled water prior to administration. The
administrations were performed in the morning, every 24 hours, in a volume of 1 mL/100 g
body weight, by oral gavage for 28 days. During this period the animals were subjected to
careful observation to detect possible changes in behavior and signs of toxicity such as
salivation, lethargy, diarrhea, tremors, convulsions and mortality. Animal weight and food
intake were monitored every 3 days. After 24 hours of the last administration, the animals
were euthanized according to the procedure described previously in section 2.9. The collected

blood was used for assessment of hematological and biochemical parameters.

2.10.1 Organ weights

After the euthanasia, heart, spleen, liver and kidneys were removed, weighed and the

relative weights calculated (organ weight (g)/100 g body weight).

2.10.2 Delta-aminolevulinate dehydratase activity (6-ALA-D)

A fragment from kidney and liver from each animal were homogenized in Tris/HCI 50
mM buffer (pH 7.4). The homogenates were centrifuged and the supernatant was used to
determine the activity of the enzyme delta-aminolevulinate dehydratase (6-ALA-D) according

to the modified method described by Sassa (1982), which is based on spectrophotometric
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measurement at 555 nm of the porphobilinogen formed during one hour of incubation at 37
°C after addition of the delta-aminolevulinic acid (5-ALA) substrate.

2.11 Blood analysis

An aliquot of the blood was transferred to a tube containing K2-EDTA anticoagulant
(BD Vacutainer®) and used for hematological evaluation of the following parameters: red
blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV),
mean cell corpuscular hemoglobin concentration (MCHC), platelets (PLT), plasma proteins
(PP), total leukocytes (WBC) and differential counts of leukocytes (neutrophils, lymphocytes,
monocytes, eosinophils and basophils), by using an automatic veterinary counter Mindray BC
2800.

Blood was also transferred to a dry tube (BD Vacutainer®) and centrifuged for 10
minutes at 4000 rpm. The serum obtained was carefully separated and used to determine
glucose (GLU), total cholesterol (CHOL), triglycerides (TRIG), blood urea nitrogen (BUN),
creatinine (CRE), total protein (TP) levels and alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities, by using a semi-automatic biochemical analyzer (Genz,
Bioplus: Bio-2000) and commercially available test kits (Diagnostic Kits Laboratory

Bioclin/Quibasa, Minas Gerais, Brazil).

2.12 Statistical analysis

Data were expressed as mean + S.D. (standard deviation). The results were analyzed
using Student’s t-test and by one-way analysis of variance (ANOVA), followed by Tukey
post-hoc test. Kruskal-Wallis and Dunn's were used as statistic tests when the requirements to
perform a parametric test were not satisfied. Differences were considered significant at p <
0.05. Statistical analyses were performed with GraphPad Prism software, version 6.01

(GraphPad software, Inc.).

3 Results

3.1 DPPH assay, total polyphenols and flavonoids content

The dosage of total polyphenols and flavonoids as well as the 1Csy determined by the

DPPH method are shown in Table 1. In the study of the antioxidant activity, ICsy in both
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extracts was low, with I1Csy of CELH-Ir almost 50% lower than that of CELH-NIr, indicating
high elimination activity of DPPH radical. In the quantification of the secondary metabolites,
a reduction in the flavonoid levels in the CELH-Ir was observed in relation to the CELH-NIr,

which also occurred in the quantification of total polyphenols, although less pronounced.

Table 1- Total polyphenols (PT) content and total flavonoids (FT) in CELH. 50% Inhibitory
Concentration (ICsp) determined by DPPH method.

CELH-NIr CELH-Ir
PT 79.99 +1.04 73.12 + 4.00°%
FT 16.28 +0.70 5.10 £ 0.24°
IC50 368.24 + 34.51 199.63 + 23.51°

Results are presented as mean + S.D. Student’s t-test (n=3). PT expressed on mg gallic acid equivalent (GAE)/g
dry fraction, FT on mg rutin equivalent (RE)/g dry fraction and ICs, on pug/mL. The values were considered to be
significantly different when p < 0.05. (a) Different from the CELH-NIr group.

3.2 Analysis of apolar compounds by HPLC-UV

The identification and quantitative analysis of compounds of CELH-NIr and CELH-Ir
by HPLC-UV revealed the presence of four compounds in both extracts, however, only was
identified, the maslinic acid, which presented concentration of 7.90 mg/g in the CELH-NIr
and 7.23 mg/g in the CELH-Ir, showing a reduction in the concentration of 8.5% in the

irradiated extract compared to the non-irradiated extract.

3.3 Acute oral toxicity

Single administration at the dose of 2000 mg/kg of CELH-NIr and CELH-Ir did not
cause changes in activities, coordination or behavior of the animals, besides the absence of
mortality and signs of toxicity in the kidneys and liver after euthanasia. The effects of this
treatment on the weight of the animals are presented in Table 2, no statistical difference was
detected in the initial and final weight among the animals of the different groups.

The results of the biochemical and hematological parameters are described in Tables 3
and 4, respectively. There was a reduction in the MCHC of the groups treated with the extract,
whether irradiated or not, in relation to the control group, and a decrease in the relative
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monocyte count in the group to which CELH-Ir was administered in relation to the CELH-NIr

group. Regarding the biochemical parameters, no significant differences were observed.

Table 2- Effect of single dose oral of CELH on body weight of females rats

Parameters

Initial body weight (g)
Final body weight ()
Body weight gain (g)
Body weight gain (%)

Group
Control 2000 mg/kg CELH- 2000 mg/kg CELH-
NIr Ir
147.00 £ 12.75 137.20 £ 10.71 144.80 +£ 11.92
199.00 +8.31 190.80 + 11.37 190.00 + 10.86
52.00 £ 7.87 53.60 £ 10.11 45.20 £ 10.73
26.11 + 3.56 2793 +4.14 23.76 £5.29

Results are presented as mean = S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n=6).
No significant differences were observed.

Table 3- Biochemical parameters of females rats treated orally with CELH at single dose of

2000 mg/kg
Group
Parameters Control 2000 mg|<|k|? CELH- 2000 mg/kg CELH-Ir
ALT (U/L) 39.80 + 2.86 42.60 = 5.86 39.40£7.76
AST (U/L) 81.56 £ 7.55 76.32 £8.31 88.96 £ 10.82
TP (mg/dL) 5.68 + 0.23 5.66 + 0.45 6.22 + 0.45
BUN (mg/dL) 48.26 + 4.68 47.88 £ 6.85 56.86 £ 6.34
CRE (mg/dL) 0.48 + 0.04 0.48 + 0.04 0.50 + 0.07
GLU (mg/dL) 160.00 £ 20.07 179.70 + 14.54 149.20 + 25.04
TRIG (mg/dL) 60.20 £ 7.46 61.20 £5.85 61.20 £ 9.36
CHOL (mg/dL) 93.00 + 9.08 90.80 + 5.40 86.00 + 10.17

Results are presented as mean + S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n=6).
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein (TP), blood urea nitrogen
(BUN), creatinine (CRE), glucose (GLU), triglycerides (TRIG) and total cholesterol (CHOL). No significant

differences were observed.
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Table 4- Hematological parameters of females rats treated orally with CELH at single dose of
2000 mg/kg

Group
Parameters Control 2000 mg|<|k|? CELH- 2000 mg/kg CELH-Ir
RBC (x10%/uL) 8.23+0.23 8.11 + 0.27 8.13+0.21
HGB (g/dL) 15.20 +0.73 14.46 + 0.54 14.58 + 0.38
HCT (%) 48.60 £ 2.78 4794 +2.14 47.86 £ 1.17
MCV (fL) 59.04 +£1.90 59.18 £ 1.45 58.96 +£ 0.97
MCHC (g/dL) 31.24 + 0.49 30.12 + 0.41° 30.38 +0.13°
PLT (x10%/uL) 972.80 + 68.95 1005.00 + 70.49 1037.00 + 42.34
PP (mg/dL) 6.56 + 0.26 6.64 +0.38 6.88 £ 0.30
WBC (x10°/uL) 7.74+1.73 6.82 +1.08 5.74 + 0.92
Neutrophils (%) 16.20 +4.32 23.20+2.49 20.40£6.19
Lymphocytes (%) 79.20 £ 4.76 71.60 £ 3.91 77.20 £6.30
Monocytes (%) 2.20+0.84 2.40 £ 0.89 0.60 + 0.55°
Eosinophils (%) 240+ 1.14 2.20+0.84 1.80+£0.84
Basophils (%) 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

Results are presented as mean + S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n=6).
Red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), platelets (PLT), plasma protein (PP) and total leukocytes
(WBC). The values were considered to be significantly different when p < 0.05. (a) Different from the control
group. (b) Different from the CELH-NIr group.

3.4 Sub-acute oral toxicity

During the 28 days of treatment, no signs of toxicity (physiological, behavioral
changes or mortality) were observed in both female and male rats. Table 5 shows the initial
and final weights, weight gain and food intake. There was no change in any of these
parameters. In both sexes, no changes were observed in the organs analyzed macroscopically,
and no significant differences were found between the relative weights of these organs in the
rats of the different groups (Table 6).

Analysis of the biochemical parameters (Table 7) shows that subacute administration
of CELH-Ir at the dose of 200 mg/kg to male rats caused a significant reduction in ALT
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activity compared to the control group. In addition, a significant reduction in AST activity
was observed in animals of the group 400 mg/kg CELH-Ir when compared to other groups.
No changes were observed in ALT and AST activities of the female rats among the different
treatments. Male rats of the groups CELH-Ir at doses of 100 and 200 mg/kg showed a
significant increase in serum total protein dosage in relation to groups CELH-NIr at doses of
100 and 400 mg/kg. No statistical difference was observed in female rats.

Analysis of serum glucose levels revealed that male rats of the groups CELH-Ir at
doses of 100 and 400 mg/kg showed an increase when compared to the control group.
Besides, male rats that were administered CELH-Ir at doses of 100 and 200 mg/kg showed a
significant increase in the triglyceride dosage compared to the control group, as well as the
female rats treated with 200 mg/kg CELH-NIr and 100 mg/kg CELH-Ir, exhibited the same
increase compared to the control animals. The other biochemical parameters did not present
any alteration.

Hematological analysis performed after 28 consecutive days of CELH administration
(Table 8) shows that the groups of male rats treated with CELH-Ir had a significant increase
in MCHC compared to the control and 100 mg/kg CELH-NIr groups. Female rats of the
groups treated with CELH-Ir at doses 100 and 200 mg/kg showed a significant increase in
MCHC dosage when compared to all groups treated with CELH-NIr.

The platelets and total leukocytes count of male rats in the 100 mg/kg CELH-NIr
group showed a significant reduction compared to the control group. There is also a reduction
in the MCV of erythrocytes of male rats of the groups 200 mg/kg CELH-NIr and 400 mg/kg
CELH-Ir relative to the group 100 mg/kg CELH-NIr. Female rats did not show changes.

No difference was detected in 6-ALA-D enzyme activity among the animals submitted

to the different treatments (data not shown).



Table 5- Effect of repeated doses (28-day) of CELH on body weight of rats
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Group
oy W w
Parameters Control CEgLI-?- CEgLI-?- CEgLI-?- mg/kg mg/kg mg/kg
CELH-Ir  CELH-Ir  CELH-Ir
NIr NIr NIr
Males
Initial weight 18220+ 187.20+ 187.60x 191.00+ 183.80+ 20580+ 187.80%
(9) 16.59 13.61 11.72 11.79 14.13 6.34 15.88
Final weight 31400+ 31320+ 31340+ 33500+ 29520+ 340.20+ 331.60%
(9) 24.15 35.59 21.87 13.56 19.20 18.54 36.49
Body weight 131.80+ 126.00+ 12580+ 14400+ 11140+ 13440+ 14380%
gain (g) 13.22 23.56 13.63 4.74 18.82 13.79 21.67
Body weight 41.99 £ 40.00 £ 40.09 £ 43.02 £ 37.63 £ 39.43 43.36 £
gain (%) 2.67 3.03 2.18 1.64 4.77 2.07 1.93
Food intake 26.83 = 26.20 + 25.94 + 27.54 £ 25.00 £ 27.52 £ 27.93 =
(g/day) 1.76 1.18 1.40 2.01 1.38 1.72 1.24
Females
Initial weight  128.20+ 136.20+ 134.40%x 13280+ 14160+ 143.00+ 13560+
(9) 8.27 10.26 11.10 7.33 7.44 6.44 8.02
Final weight 19520+ 203.40+ 20840+ 20080+ 20260+ 210.00+ 205.80 %
(9) 11.78 10.83 4.04 13.46 6.54 6.67 12.85
Body weight 67.20 £ 67.20 £ 74.00 £ 68.00 + 61.00 + 67.00 + 70.20 £
gain (g) 10.33 6.06 9.97 11.20 7.11 6.52 9.15
Body weight 3433+ 33.06 + 35,53+ 33.73 30.10 + 31.89 + 34.04 =
gain (%) 3.97 2.88 4.84 3.98 3.23 2.72 3.15
Food intake 16.59 + 17.67 + 18.06 + 16.64 + 17.52 + 1791 + 17.87 =
(g/day) 1.15 1.18 1.50 2.00 1.36 1.93 1.79

Results are presented as mean + S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n=5).
No significant differences were observed.
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Table 6- Relative organ weight (g/100 g of body weight) of rats treated orally during 28 days
with CELH irradiated and non-irradiated

Group
Control 100 mg/kg 200 mg/kg 400 mg/kg 100 mg/kg 200 mg/kg 400 mg/kg
CELH-NIr CELH-NIr CELH-NIr  CELH-Ir CELH-Ir CELH-Ir
Males
Liver 4.04 + 3.79+ 3.69 + 3.98 + 416 + 3.83 414 +
0.43 0.31 0.13 0.21 0.16 0.34 0.25
Kidne 081+ 0.78 + 081+ 0.83 0.86 + 0.80 + 0.85+
y 0.03 0.03 0.05 0.04 0.02 0.02 0.06
Heart 042+ 047 0.45+ 0.38 + 0.49 + 043+ 043+
0.03 0.08 0.04 0.05 0.05 0.06 0.04
Spleen 0.26 + 0.23 0.22 + 0.27 + 0.24 + 0.22 + 0.24 +
P 0.02 0.04 0.02 0.02 0.02 0.01 0.03
Females
Liver 453 + 4.60 £ 458 + 4,94 + 487 + 4,96 + 443 +
0.20 0.38 0.34 0.17 0.43 0.30 0.23
Kidne 0.87 + 0.82+ 0.90 + 0.83 0.82 + 0.86 + 0.81+
y 0.06 0.03 0.05 0.05 0.03 0.05 0.02
Heart 0.50 + 0.44 + 047 0.40 + 0.48 + 0.46 + 0.52 +
0.08 0.09 0.04 0.02 0.07 0.07 0.07
Spleen 033+ 031+ 0.33+ 032+ 0.30 + 0.34 + 0.28 +
P 0.03 0.02 0.03 0.04 0.04 0.03 0.02

Results are presented as mean = S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n=5).

No significant differences were observed.

Table 7- Biochemical parameters of rats submitted to a 28-day oral treatment with CELH
non-irradiated and irradiated

Group
mlgolﬁg ng(;ﬁg m“g(ﬁg 100 200 400
Parameters Control g g g mg/kg mg/kg mg/kg
CELR- CELH-  CELH- b/t CELH-Ir  CELH-Ir
NIr NIr NIr
Males 63.20 + 61.52 + 53.80 + 58.40 + 52.20 + 45.60 + 48.50 +
6.83 8.79 7.23 7.26 5.76 2.96° 6.14

ALT (U/L)
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Group

100

200

400

oy kg v 100 200 400
Parameters Control g g g mg/kg mg/kg mg/kg
CEN';:* CEN'TrH CihrH CELH-Ir CELH-Ir CELH-Ir
Males
10290+ 10730+ 11450+ 10500+ 10510+ 10040+ 83.78 %
AST (UIL) 761 6.48 6.12 8.51 7.65 6.98 5.20°
570 + 5.60 + 6.14 + 5.56 + 6.72 + 6.86 + 6.08 +
TP (mgfdL) 0.28 0.35 0.62 0.45 0.60°¢ 0.57%¢ 0.62
5414+ 5238+ 4852+ 5118+ 5462+ 5076+ 4984+
BUN (mg/dL) g3 6.54 5.56 5.42 7.03 5.78 7.24
054 + 054 + 054 + 0.52 + 0.58 + 0.60 + 0.56 +
CRE (mg/dL) 4 o5 0.05 0.05 0.05 0.11 0.07 0.05
OLU (mggL) 16150% 17530% 19210+ 18900 26510% 19600+ 23810%
g 29.05 21.80 35.30 20.29 41.49% 19.65 1453
5760+ 108.60+ 10020+ 93.60+ 118.60+ 14620+  82.40+
TRIG (mg/dL) ¢ o0 18.20 18.46 9.91 23.99° 15.12° 14.66
CHOL 6620+ 5940+ 5760+ 5480+ 6480+ 6100+ 6020+
(mg/dL) 6.26 513 2.07 4.09 545 7.84 8.29
Females
4000+ 4040+ 4180+ 4340+ 4800+ 3640+ 3620+
ALT (UIL) 5.70 6.35 5.07 3.36 5.43 461 5.63
7344+ 7830+ 6878+ 7438+ 7810+ 8130+  78.38%
AST (UIL) 9.23 10.80 7.03 10.82 12.63 6.26 11.22
5.64 + 546 + 5.70 + 5.64 + 5.80 + 504 + 5.46 +
TP (mgfdL) 053 0.29 0.45 0.36 0.34 0.45 0.21
4982+ 4628+ 5438+ 5142+ 5474+ 5088+ 5218+
BUN (mg/dL) "¢ g 5.50 3.79 3.86 5.93 3.29 3.48
082+ 0.74 + 062 + 0.82 + 0.76 + 0.76 + 0.82 +
CRE (mg/dL) 5 g 0.05 0.04 0.08 0.09 0.11 0.11
OLU (mgaLy 17960% 177.20% 16240+ 20160% 18470% 23110+ 21720
g 27.69 32.83 30.03 20.77 2530 26.88 37.72
5640+  67.20+  102.00% 97.00% 10520+ 9540+  88.20 %
TRIG (mg/dL) =5 7 12.01 14.56° 2248 29.99° 14.24 10.01
CHOL 7180+  80.80+ 7000+ 6820+ 9120+ 8400+ 7580+
(mg/dL) 12.95 14.17 11.34 7.85 10.03 15.84 14.25
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Results are presented as mean = S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn's (n=5).
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein (TP), blood urea nitrogen
(BUN), creatinine (CRE), glucose (GLU), triglycerides (TRIG) and total cholesterol (CHOL). The values were
considered to be significantly different when p < 0.05. (a) Different from the control control group. (b) Different
from other groups. (c) Different from the 100 mg/kg CELH-NIr group. (¢) Different from the 400 mg/kg CELH-
NIr group.

Table 8- Hematological parameters of rats submitted to a 28-day oral treatment with CELH
non-irradiated and irradiated

Group

100 200 400

malkg malkg mlkg 100 200 400

Parameters Control g g g mg/kg mag/kg mg/kg
CELH- CELH- CELH- e/l CELH-Ir  CELH-Ir
NIr NIr NIr
Males
] 9.11+ 8.48 + 8.78 + 8.45 + 8.74 + 8.85 + 872+
RBC (x10°7WL) 537 0.63 0.14 0.19 0.59 0.42 0.19
1562+ 1514+ 1486+ 1482+ 1538+ 1550+ 1504+
HGB (g/dL) 0.59 1.13 0.29 0.45 0.92 0.77 0.27
HCT (96) 5104+ 4936+ 4702+ 4732+ 4750+ 4856+  46.86 +
2.04 4.42 1.25 1.35 2.09 2.46 1.03
5612+ 5822+ 5362+ 5606+ 5446+ 5492+ 5378+
MCV (L) 2.68 1.5 0.92° 178 1.63 0.68 0.92°
3054+ 3066+ 3150+ 3128+ 3232+ 3186+ 3204+
MCHC (g/dL) 0.60 0.75 0.39 0.39 0.86%¢ 0.415¢ 0.58%¢
5 104100+ 74920+ 89240+ 821.00+ 962.00+ 902.80+ 920.60 +
PLT(XI07UL)  ""i964 18860° 14940 12140 84.41 93.77 28.86
6.74 + 6.48 + 6.32 + 6.22 + 6.84 + 6.48 + 6.40 +
PP (mg/dL) 0.26 0.23 0.23 0.31 0.55 0.36 0.28
WBC 1025+ 677+ 854 + 732+ 9.04 + 737+ 812+
(x10¥/uL) 1.82 2178 1.82 0.97 1.24 226 1.20
Neutrophils (o) 1920%  2800%  2300%  1040% 2260+  1660:  2260%
P 5.71 7.87 7.07 7.60 423 6.27 7.89
Lymphocytes ~ 78.80+ 6940+ 7440+ 7860+ 7520+  81.00+ 7480+
(%) 5.54 8.38 7.05 8.20 516 6.59 7.46
1.00 + 1.40 + 0.60 + 1.20 + 1.00 + 1.20 + 1.00 +
0,
Monocytes (%) "4 79 0.54 0.54 0.44 1.00 0.83 0.70

Eosinophils (%) 1.00 £ 1.40 £ 2.00 = 0.60 = 1.20+ 1.20+ 1.60 £
0.70 0.54 0.70 0.54 0.83 0.83 0.54
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Group
mlgolgg ngolgg m“g(}ﬁg 100 200 400
Parameters Control g g g mg/kg mg/kg mg/kg
CELH- - CELH- - CELH- b Py CELH-Ir  CELH-Ir
NIr NIr NIr
Basophils o) 000%  000% 000X  000%  000%  000%  000%
phts (70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Females
5 876+ 833+ 792+ 833+ 906+ 862+ 823+
RBC (107ML) 4 49 0.41 0.61 0.50 0.61 0.19 0.16
1458+ 1390+ 1342+ 1348+ 1512+ 1486+ 1422+
HGB (g/dL) 0.94 0.82 0.92 1.19 0.88 0.63 0.41
HCT %) 4956+  47.68+ 4602+ 4638+ 4932+ 4874+ 4778+
° 2.30 2.89 3.42 4.08 2.62 1.97 0.74
56.62+ 5732+ 5816+ 5568+ 5600+ 5656+ 5810+
MCV (L) 1.18 1.20 1.29 2.37 2.07 117 1.14
2036+ 2910+ 2912+ 2904+ 3062+ 3046+ 2970+
MCHC (g/dL) 0.58 0.35 0.50 0.61 0.97%%¢  0.g9%de 0.56
PLT gy 118100% 110400+ 118900 104600+ 122600 118300% 124300
H 8370 13150 19170 11430 14380  72.86 51.47
696+ 668+ 636+ 668+ 676+ 696+ 648+
PP (mgfdL) 0.21 0.30 0.38 0.33 0.26 0.16 0.23
WBC 896+ 968+ 932+ 88+ 958+ 928+ 7.8+
(x10¥/uL) 1.29 1.54 2.81 0.62 1.21 1.49 0.74
Neutrophils (o)  2000%  1960% 2260+ 1840+  1840% 1840  1880%
P 2.55 477 3.43 5.03 1.52 1.82 6.68
Lymphocytes 7540+  76.80+ 7420+ 7620+  77.00+ 7860+  76.80+
(%) 2.79 4.86 2.38 4.49 2.45 1.52 6.61
190+ 120+ 140+ 260+ 300+ 180+  200%
0,
Monocytes (%) " g7 0.45 0.55 1.14 0.71 0.83 1.00
Eosinophils (%) 1.80+ 200+ 200+ 260+ 160+ 120+ 240+
1.09 0.71 0.71 0.55 0.55 0.84 1.14
Basophils (%) 000+ 000+ 000+ 020+ 000+ 020+  000%
0.00 0.00 0.00 0.45 0.00 0.45 0.00

Results are presented as mean = S.D. One-way ANOVA/Kruskal-Wallis followed by Tukey test/Dunn’s (n=5).
Red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), platelets (PLT), plasma protein (PP) and total leukocytes
(WBC). The values were considered to be significantly different when p < 0.05. (a) Different from the control
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group. (c) Different from the 100 mg/kg CELH-NIr group. (d) Different from the 200 mg/kg CELH-NIr group.
(e) Different from the 400 mg/kg CELH-NIr group.

4 Discussion

Natural products have been used since antiquity as a cheap, efficient and apparently
safe therapeutic option, however, their use may trigger serious adverse effects (Brondani et
al., 2017). In this study, the acute and subacute toxicity of the crude extract of the Hibiscus
rosa-sinensis Linn. leaves was evaluated, aiming to verify the safety of this widely used
medicinal plant, as well as evaluating the effects of gamma radiation on the extract of this
plant. The maslinic acid, which was detected in the CELH by HPLC-UV, is a pentacyclic
triterpene that has anti-diabetic (Liu et al., 2007), anti-inflammatory (Martin et al., 2006),
antiproliferative and antitumor properties (Juan et al., 2008), which are in agreement with
therapeutic activities already described for the leaves of the hibiscus (Arullappan et al., 2013;
Kandhare et al., 2012; Sachdewa et al., 2001). Zaki et al. (2017) identified two compounds in
the extract of the leaves of the hibiscus, being the orientin (luteolin-8-C-glucoside) from the
ethyl acetate fraction and the verbascoside in the butanolic fraction.

Free radicals and other reactive species are related to more than 150 human
pathologies, such as rheumatoid arthritis, hemorrhagic shock and intestinal ischemia
(Halliwell and Gutteridge, 2007). Therefore, the study of the antioxidant activity of a natural
compound is important since it shows its ability to sequester free radicals and, consequently,
its potential to be used in the treatment of diseases with pathogenesis related to oxidative
stress (Paula et al., 2014). When assessing the antioxidant capacity of CELH-NIr and CELH-
Ir, the high activity of both was observed, as described by Garg et al., 2012, who verified a
significant activity of elimination of DPPH caused by the aqueous extract of the leaves of H.
rosa -sinensis. Studies have also demonstrated the antioxidant capacity of this plant in vitro
(Aziz et al., 2015) and in vivo (Kandhare et al., 2012; Zaki et al., 2017).

The irradiated extract had higher antioxidant activity than the non-irradiated one,
represented by the lower value of ICsy, a phenomenon also observed in another study that
evaluated the effect of gamma radiation on natural products (Pereira et al., 2015). However,
Pereira et al. (2016b) evaluated the effect of radiation on Arenaria montana L. and verified
that the gamma radiation at the dose of 10 kGy considerably reduces its antioxidant activity,
being the main parameter affected by the radiation at this dosage. This data serves as a
guideline in the choice of dose, given the importance of maintaining the bioactive profile of

the plant.
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The presence of secondary metabolites in the plant is related to its antioxidant property
(Kandhare et al., 2012). Total polyphenols and flavonoids, which have shown to have an
accentuated concentration in both CELH-NIr and CELH-Ir, have this property by acting as
stable intermediate radicals, preventing the oxidation of other compounds, and by their ability
to donate hydrogen or electrons to unstable compounds, stabilizing them (Silva et al., 2010).
The flavonoids present in the hibiscus leaves are also related to other properties presented by
the extract, such as the anthelmintic activity described by Nath and Yadav (2016). A
preliminary phytochemical screening showed the presence of flavonoids, terpenoids and
phenols in the aqueous extract of hibiscus leaves, while the presence of alkaloids, tannins,
coumarins, glycosides and quinones was not detected (Gupta et al., 2009).

The fact that the concentrations of phenolic compounds and flavonoids have
decreased, and even though the antioxidant activity was higher in the irradiated extract, is
justified because the gamma radiation can interact with the biomolecules of the plant,
reducing the synthesis of the compounds, immobilizing or causing its degradation, with
consequent decrease in its levels. However, it can lead to the increase of the dosage of other
substances (Ahuja et al., 2014). Doses of 0.5 to 10 kGy of gamma radiation may or may not
cause changes in the concentration of plant constituents due to physico-chemical changes in
plant material, being these variations characteristic of each species (Santos et al., 2013). Some
factors that can influence are the water content in the irradiated product, temperature and
oxygen present during the process (Tezotto-Uliana et al., 2015) and the dosage of the present
compounds, as seen by Santos et al. (2013), that at higher concentrations of tannins, the
radiation has less interference in the product. Moreover, the antioxidant defenses of a plant
are not restricted to a single compound, but to several, which act synergistically and can
undergo the influence of different processes, such as heat treatment (boiling and microwaves),
potentiating the antioxidant capacity (Ravichandran et al., 2013).

The evaluation of biochemical and hematological parameters is fundamental in study
of the safety of a compound, since alterations may be related to damages to the organism of
the animals that possibly are also affect humans (Wang et al., 2014). Through the acute
toxicity study, a single dose of CELH-NIr or CELH-Ir did not cause changes in the
hematological and biochemical indices that showed clinical significance, with the observed
differences being related to physiological variability, and the parameters maintained within
the ranges considered normal for the species (Lima et al., 2014). In addition, no signs of
toxicity, such as behavioral changes, weight gain and mortality, were observed in animals at

any moment in the study. According to OECD guideline 423, the results found in the present
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study allow the classification of the CELH, both non-irradiated and irradiated, into risk
category 5, which estimates an LDsp between 2000 and 5000 mg/kg for the test substance.
Corroborating with this data, in the study by Zaki et al. (2017), the administration of
methanolic extract of the leaves of H. rosa-sinensis up to the dose of 3000 mg/kg did not
cause mortality in rats. Therefore, CELH-NIr and CELH-Ir, when administered orally as
single dose or multiple doses within 24 hours, are considered to be of relatively low toxicity
(OECD, 2001).

The liver plays a number of functions vital to organism, such as the synthesis of
plasma proteins and coagulation factors, and the metabolism of endogenous and exogenous
substances, such as drugs and alcohol. By playing this role of clearance of chemicals, the liver
is highly susceptible to toxic damage. The increased activity of ALT and AST enzymes are
important markers of toxic liver injury (Singh et al., 2011). In our study, a reduction in ALT
and AST activities in the groups of males rats treated with CELH-Ir (200 mg/kg and 400
mg/kg, respectively) was observed. The total protein dosage is an indicator of hepatic
function, since the reduction in its levels is related to the decrease in the synthetic capacity of
the organ (Singh et al., 2011). In this work, an increase was observed in total serum protein
dosage of male animals treated with CELH-Ir (100 and 200 mg/kg). These results are very
important to evaluate the safety associated with the use of CELH, assessing the possible
absence of hepatotoxicity of the extract is verified.

The kidney is the main organ involved in the excretion of substances, therefore, it is an
important target for toxicity. Blood levels of BUN and creatinine reflect renal function (Raina
et al., 2015) and were not altered after repeated doses of CELH-NIr and CELH-Ir, indicating
that they do not cause nephrotoxicity.

Some studies demonstrate the hypoglycemic and hypolipidemic activity of aerial parts
and hibiscus root (Kumar et al., 2009; Mandade and Sreenivas, 2011), which were not
verified in our study. Increased glycemia in the CELH-Ir treated animals, although not
significant in male rats treated with CELH-Ir at the dose of 200 mg/kg nor in female rats,
suggests that the radiation may have caused the synthesis of a constituent associated with
hyperglycemia. In addition, CELH was responsible for a significant increase in triglyceride
levels. This increase is not related to the dose of the extract, however, it may be associated
with the stimulation of lipidic anabolism in the animal or, less probable, the presence of
compounds with high fat content in the leaves of the hibiscus (Ntchapda et al., 2014).

In a study with diabetic rats, Mandade and Sreenivas (2011) observed that the extract

of the aerial parts of the hibiscus was able to reduce the glycemia to levels close to the
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control, revealing an antihyperglycemic effect of the plant, being this reduction associated
with the increase of pancreatic insulin secretion or the potentiation of glucose transport to
peripheral tissues. Another study showed that the hibiscus root had hypolipidemic activity in
rats with induced hyperlipidemia, possibly by reactivating lipolytic enzymes (Kumar et al.,
2009). These parameters were not evaluated in healthy rats and our study suggests that these
activities are expressed only when there is an associated disease.

Since the reduction of body weight of animals, reduction in food intake and variation
in the relative weight of the body organs are important signs of systemic toxicity (Cunha et
al., 2009) and none of these alterations were found in the present study, these indices
corroborate with the idea that CELH administered for 28 days was well tolerated by the
animals.

Hematological parameters are very sensitive to toxic products and are seen as essential
indicators of the physiological or pathological state of animals and humans (Raina et al.,
2015). For the analysis of the hematological system it is necessary to correlate the indices and
in this study in most of them there was no difference between the different groups, the
observed variations do not follow a dose-dependent pattern nor are they common to both
sexes; moreover, all dosages are within the range considered normal for the species (Lima et
al., 2014). Thus, the variations found have no clinical significance and supposed to be not

reflective of any toxic effect.

5 Conclusion

In summary, the results demonstrate that the aqueous extract of Hibiscus rosa-sinensis
Linn. leaves after single or repeated doses does not cause any hepatic or renal toxicity, nor
does it have deleterious effects on the hematological system and does not present important
systemic toxic effects. Thus, we conclude that CELH-NIr and CELH-Ir is safe when used in
the conditions applied in this study, however, it is recommended that further studies be
performed to evaluate its effect when used for longer periods and to clarify if the slight
variations observed in this work are related to the plant. Although gamma radiation caused a
decrease in the concentration of some of the extract constituents, it did not interfere in the
absence of toxicity presented by hibiscus leaves. Since each species is influenced in a unique
way by radiation in the concentration of compounds, it is suggested that each species be

studied individually before selecting the method of decontamination and conservation. In
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addition, the radiation increased the antioxidant activity of the extract, and could be useful to
potentiate other therapeutic properties of the hibiscus.
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3 CONCLUSAO

A quantificagdo de flavonoides e polifendis totais permitiu detectar altas
concentracdes desses compostos no extrato bruto das folhas do hibisco, as quais foram
reduzidas no extrato irradiado.

e Através da CLAE foi possivel identificar e quantificar o composto acido maslinico,
gue também teve a sua concentracdo diminuida pela acdo da radiacao.

e O CELH apresentou expressiva atividade antioxidante, a qual foi potencializada pela
radiagdo gama, verificado pela diminuicdo na ICs do extrato irradiado.

e Com relagdo ao estudo da toxicidade oral aguda e subaguda, observamos que
importantes marcadores de funcdo hepatica e renal ndo apresentaram variacdo em
decorréncia do tratamento com CELH; sendo assim, conclui-se que esse extrato ndo é
hepato ou nefrotoxico. Além disso, ndo foram verificadas alteracdes comportamentais,
bem como qualquer indicio de toxicidade nos animais tratados com CELH, tanto
quando administrada dose Unica do extrato como quando utilizadas doses repetidas. O
CELH também ndo causou alteragdo nos valores de peso corporal, peso relativo dos
Orgaos e parametros hematoldgicos dos animais, indicando que o mesmo nao é tdxico,
sendo seguro quando utilizado nas condigdes empregadas nesse trabalho.

e A radiacdo gama ndo interferiu na auséncia de toxicidade apresentada pelo extrato,

porém causou a diminui¢do da concentracdo de alguns de seus constituintes. Ademais,

a radiacdo aumentou a atividade antioxidante do CELH, podendo ser atil para

potencializar outras propriedades terapéuticas do hibisco.
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PERSPECTIVAS FUTURAS

Mais estudos sdo necessarios para avaliar o efeito das folhas de H. rosa-sinensis quando
administradas por maiores periodos e esclarecer se pequenas variacbes em alguns parametros,
como por exemplo o aumento nos niveis soroldgicos de triglicerideos e glicose observado

nesse trabalho, estdo relacionadas a planta.
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ANEXO A - CARTA DE APROVACAO DA GERENCIA DE ENSINO E PESQUISA
DO HOSPITAL UNIVERSITARIO DE SANTA MARIA
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(3 UMY/l do Hospital Universitario de Santa Maria
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ANEXO B - CARTA DE APROVACAO DA COMISSAO DE ETICA NO USO DE
ANIMAIS - UFSM

yedery %,

Comissiio de Ftica no Uso de Anintais
e
Universidade Federal de Santa Maria

AW ErE I'ql: 2
2 %
e ﬂﬂ,af,

150

CERTIFICADO

Certificarmos que ¢ Prajelo intitulado "Avaliacdo do perfil fitegquimics, atividade antisxidante e toxicidade do extrate brula das
folhas de Hikisous rosasinensis Linn, nio irradiado e irradiade com radiacio garma®, protm:ulada sab o CEUA 2 5306210116, sob &
respansabilidade de Liliane de Freitas Bauermann & equipe; Andreda Reging Haas da Silva; Camille Gaube Guex; Fernanda
Ziegler Reginaty; Gilbert! Helena Hibscher Lopes; Kdssla Caroling Figueredo - que envalve a predugio, manutencio efeu utilizagdo
de animais pertencentes age fllo Chordata, subfila vertebrata (excete o hamem), para fins de pesguisa clentifica {ou ensina) -
encontra-s& de acordo com os preceitos da Lei 11,794, de § de outubro de 2008, com o Decreto 6,899, de 15 de julho de 2009,
com as narmas editadas pele Conselhe Macional de Controle da Experimentacde Animal (CONCEA), e foi aprovade pela Comissao
de Etica no Uso de Animais da Universidade Faderal de Santa Maria (CEUA/UFSM] em reunido de 31/03/2016.

We certify that the proposal "Evaluation of the phytochemistry profile, antioxidant activity and toxicity of the crude extract of the
leavas of Hibiscus rasa-sinensis Linn, noreirradiabed and irradiated with gamma radiation®, utilizing BE Heteragenics rats (males or
fermales), protocol number CEUA 5306210116, under the responsibility of Liliane de Freitas Bauermann and team; Andreia
Regina Haas da Silva; Camille Gaube Gues; Fernanda Ziegler Reginato; Gilberli Helena Riibscher Lopes; Kdssia Caroline Figueredo
- which invalves the praduction, maintenance andior use of animals belenging te the phylum Chardata, subphylum Vertebrata
{except human beingsl, for scientific research purpeses (or teaching) - it's in accordance with Law 11,794, of October & 2008,
Decree 6339, of July 15, 2009, with the rules issued by the National Council for Contral af Animal Experimentation (CONCEA), and
was approved by the Ethic Committee on Animal Wse of the Federal University of Santa Mana (CEUA/UFSM] in the maeting of
03/31/2016.

Vigéncla da Proposta: de 0B/2016 a 08/2016 Area: Fisielogla E Farmacalagla
Procedéncia;  Biotério Central LIFSM

Espécie: Ratos haterogénicos sexo: Machos ou FéEmeas  idade: 6 a & semanas M: 88
Linhagem: Wistar Peso:  150a2004g

Resumo: Hibiscus rosa-sinensis L, pertencente & farmilia Malvaceae, conhecide coma hibisco, mimo-de-wénus, rosa da china e
pampala, tem suas folhas empregadas pepularments coma laxante e para o tratamenta de alopecia, hipertensao, doengas de pala,
perda de pesa, etc, Ademais, alguns estudos atribuem-lhe propriedades antifingica. antibacteriana, analgésica, antidiabética e
protetora gastrica, Assim como acontece com o Hibiscus rosa-sinensis. uma infinidade de outras plantas 530 empregadas no
tratamento de doencas, porém, para isso @ imprescindivel gue ndo apresentemn toxicidade nem contaminantes, Radiagao ionizante
& urna promissara opgan para a descontaminagdo e conservagdo de plantas, sendo a radiacdo gama de 60Co considerada a mais
eficiente para esse firm, Tendo am vista a grande utilizacio das lolhas de Hibisows msasinensis pard o combale de patologias & que
inexistern estudes que avaliem a sua toxicidade, objetive-se nesse trabalhe avaliar & toxicidade agude & subaguda in vive do
extrato bruto das falhas de Hibiscus rosa-sinensis, da forma cama preconiza os Guias da QECD 423 e 407, respectivamente, além
de guantificar os metabdlitos secunddnios e a atividade antioxidante desse extrata, Pretende-se tambeém verificar se a radiagao
lenizante, método potencial para conservecdo de plantas medicinals, gera alteracdo nos nivels de constituintes, atividade ou
taxicidade dessa planta, Para isso, parte do extrabo bruto serd iradizdo com radizcdo gama de 60Co nas doses de 5 e 10 kGy, @ os
experimentos feitos com o extrato bruto nde irsdiado serdo realizadaes igualmente com o extrato bruto imadiado,

Santa Maria, 01 de abril da 2016

e Pl o)X

Prafa, Dra. Daniela Bitencourt Rosa Leal Prof, Dr. Denis Broock Rosemberg
Coordenadara da Comissao de Etica no Uso de Animais Vice-Caordenador da Comissio de Etica no Usa de Animals
Universidade Federal de Santa Maria Universidade Federal de Santa Maria

wmrida Raraime, 1000, Beflora, 2° ander - CEP UT1L05-900 Sasla Maris, RS - 1k 55 (551 3F20-9363 ) fax: 59 |55 3220-4009
Haririo de shendiment; das 3:30 &2 1030 & L&00 &5 16:300 : e-mail cesaulsmEgeal.cam
CEUA M 530210116
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ANEXO C - COMPROVANTE DO MANUSCRITO SUBMETIDO A REVISTA
JOURNAL OF ETHNOPHARMACOLOGY

Journal of Ethnopharmacology <EviseSupport@elsevier.com:=

This message was sent automatically. Please do not reply.

Ref: JEP_2017_2327

Title: SAFETY EVALUATION (ACUTE AND SUBACUTE STUDIES) OF NOM-IRRADIATED AMD IRRADIATED CRUDE EXTRACT OF Hibiscus
rosa-sinensis Linn, LEAVES IN WISTAR RATS

Journal: Journal of Ethnopharmacology

Dear Miss. Ziegler Reginato,

Thank you for submitting your manuscript for consideration for publication in Journal of Ethnopharmacology. Your submission was
received in good order.

What happens next: Your paper will undergo a screening process by the managing editors of the journal. During this stage the
manuscript is rigorously checked for alignment with aims and scope of the journal, plagiarism, checking the completeness of the
general submission, adherence to authors guidelines etc. Due to the high influx of papers, please allow 2-3 weeks for this process
to be completed. Once the pre-screen is completed the paper will either be returned to you or be assigned to an Associate
Editor.

To track the status of your manuscript, please log into EVISE= at: hitp://www.evise.com/evise/faces/pages/navigation
/MavControllerjspx?JRNL ACR=JEP and locate your submission under the header 'My Submissions with Journal' on your 'My
Author Tasks' view.

Thank you for submitting your work to this journal.

Kind regards,

Journal of Ethnopharmacology
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ANEXO D - CROMATOGRAMA (CLAE-UV) DO EXTRATO BRUTO DAS FOLHAS
DE Hibiscus rosa-sinensis Linn. NAO IRRADIADO
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Condig¢des cromatogréaficas descritas na se¢do Materiais e métodos.
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ANEXO E - CROMATOGRAMA (CLAE-UV) DO EXTRATO BRUTO DAS FOLHAS
DE Hibiscus rosa-sinensis Linn. IRRADIADO
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Condig¢des cromatogréficas descritas na se¢do Materiais e métodos.



