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RESUMO

AVALIACAO DAS TOXICIDADES AGUDA E SUBAGUDA DA Olea europaea L. E
SEU EFEITO NO METABOLISMO DE RATOS DIABETICOS

AUTORA: Camille Gaube Guex
ORIENTADORA: Liliane de Freitas Bauermann
COORIENTADORA: Gilberti Helena Hubscher Lopes

O diabetes mellitus (DM) € uma doenca metabdlica caracterizada por hiperglicemia,
resisténcia a insulina e dislipidemia. E amplamente distribuida pelo mundo e afeta milhdes de
pessoas, podendo causar sérias complicacdes. A oliva (Olea europaea L.) possui importantes
atividades farmacoldgicas, entre elas, antioxidante, anti-inflamatéria e hipoglicEémica.
Entretanto, estudos sobre sua toxicidade ainda sé&o limitados na literatura. Assim, o objetivo
do trabalho foi investigar as toxicidades oral aguda e subaguda da tintura das folhas de oliva
(TOL) e avaliar o efeito da TOL no metabolismo de ratos diabéticos induzidos por dieta
hipercaldrica e baixa dose de estreptozotocina (STZ). Na toxicidade aguda, uma Unica dose
2000 mg/kg de TOL foi administrada e a observacéo foi feita durante 14 dias e incluiu
mudangas de comportamento e sinais de toxicidade. No estudo subagudo, a TOL foi
administrada durante 28 dias nas doses de 100, 200 e 400 mg/kg. Ambos tratamentos foram
via oral (gavagem) em ratos machos e fémeas e o peso corporal foi registrado. Ao final dos
experimentos, 0 sangue foi coletado para andlises bioguimicas e hematoldgicas. A dose de
2000 mg/kg ndo induziu mortalidade ou sinais de toxicidade. Os animais expostos as doses
repetidas ndo apresentaram anormalidades ou mudancas hematoldgicas. Na dose de 400
mg/kg, a TOL aumentou os niveis de ureia e reduziu a atividade da AST em machos quando
comparado aos diferentes grupos. Os niveis de glicose reduziram em machos e fémeas
tratados com TOL em diferentes doses quando comparados ao grupo controle. Nao foi
observada mudanca significativa no peso corporal dos animais nos tratamentos agudo e
subagudo. Para indugdo do DM, os animais foram alimentados com dieta hipercal6rica
durante 4 semanas e, entdo, administrado STZ (35 mg/kg), via i.p., enquanto que o0 grupo
controle recebeu racdo padrao e apenas o tampao citrato, via i.p. Os ratos que apresentaram
glicemia maior que 200 mg/dL foram considerados diabéticos. Os animais foram divididos em
5 grupos: grupo l. controle negativo; grupo Il. diabéticos tratados com etanol; grupo lil.
diabéticos tratados com metformina (250 mg/kg) e grupos IV e V. diabéticos tratados com TOL
(200 mg/kg e 400 mg/kg, respectivamente). A administragéo foi via oral, diariamente, durante
10 semanas. Analises bioquimicas e hematologicas foram realizadas, assim como a
peroxidagao lipidica e atividade antioxidante. A atividade da ALT foi reduzida nos grupos
tratados com metformina e TOL (200 mg/kg) quando comparada ao grupo controle e um
aumento da ureia foi observado no grupo tratado com TOL (200 mg/kg) em comparacao ao
controle. O tratamento com TOL melhorou os niveis dos marcadores inflamatérios (IL-6, IL-
10, TNF-a e IFN-y) e das adipocinas (leptina, adiponectina e resistina) quando comparados
aos animais diabéticos. Ndo houve diferencga significativa nos niveis de MDA, bem como
nenhuma alterag&o foi observada nas atividades antioxidante. Esses resultados indicam que
a exposi¢do a uma Unica ou repetidas doses néo induziu toxicidade e uma potencial atividade
anti-diabética da tintura das folhas de oliva, porém mais estudos séo necessarios para validar
seus efeitos clinicos e sua seguranca para uso em humanos.

Palavras-chave: Diabetes Mellitus. Oliva. Folhas. Toxicidade.



ABSTRACT

ASSESSMENT OF ACUTE AND SUBACUTE TOXICITIES OF Olea europaea L.
AND ITS EFFECT IN METABOLISM OF DIABETIC RATS

AUTHOR: Camille Gaube Guex
ADVISOR: Liliane de Freitas Bauermann
CO-ADVISOR: Gilberti Helena Hubscher Lopes

Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia, insulin
resistance and dyslipidemia. It is widely distributed worldwide, affecting millions of people and
can lead to serious complications. Olive (Olea europaea L.) has important pharmacological
activities, including antioxidant, anti-inflammatory and hypoglycemic. However, studies about
its toxicity are still limited in the literature. Therefore, the aim of this study was to investigate
the acute and subacute oral toxicities of the tincture of olive leaves (TOL) and evaluate the
effect of TOL in metabolism of diabetic rats induced by high-fat diet and low dose of
streptozotocin (STZ). In acute toxicity, a single dose of 2000 mg/kg of TOL was administered
and observation was during 14 days, including behavior changes and signs of toxicity. In
subacute study, TOL was administered for 28 days in the doses of 100, 200 and 400 mg/kg.
Both treatments were by oral gavage in male and female rats and body weight was recorded.
At the end of the experiment, blood was collected for biochemical and hematological analyses.
The dose of 2000 mg /kg did not induce mortality or signs of toxicity. Animals exposed to
repeated doses did not show abnormalities or hematological changes. At dose of 400 mg/kg,
TOL increased levels of urea and reduced AST activity in males when compared to the different
groups. Glucose levels decreased in males and females treated with TOL at different doses
compared to controls. There was no significant change in body weight of animals in acute and
subacute treatments. For the induction of experimental DM, animals were fed with a high-fat
diet for 4 weeks and then was administered streptozotocin (35 mg/kg), via i.p., while the control
group received regular diet and only citrate buffer via i.p. Rats with glucose levels above 200
mg/dL were considered diabetic. The animals were divided into 5 groups: Group |. negative
control; Group Il. diabetic treated with ethanol (51%); group lll. diabetic treated with metformin
(250 mg/kg) and groups IV and V. diabetic treated with TOL (200 mg/kg and 400 mg/kg,
respectively). The administration was by oral gavage, daily, for 10 weeks. Hematologic and
biochemical analyses were performed, as well as lipid peroxidation and antioxidant activity.
The ALT activity was reduced in the groups treated with metformin and TOL (200 mg/kg) when
compared to the control group and an increase in urea was observed in the group treated with
TOL (200 mg/kg) compared to the control group. Treatment with TOL improved the levels of
inflammatory markers (IL-6, IL-10, TNF-a and INF-y) and adipokines (leptin, adiponectin and
resistin) when compared to diabetic animals. There was no significant difference in MDA levels
and no changes were observed in antioxidant activities. These results indicate that the
exposure to a single or repeated doses did not induce toxicity and a potential anti-diabetic
activity of tincture of olive leaves, but more studies are needed to validate its clinical effects
and its safety for use in humans.

Keywords: Diabetes Mellitus. Olive. Leaves. Toxicity.
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1 INTRODUCAO

1.1 PLANTAS MEDICINAIS E FITOTERAPIA

O uso de plantas medicinais para o tratamento de doencas é uma pratica antiga
muito comum na populacdo. A disseminacdo do uso de plantas medicinais, assim
como a automedicacao deve-se principalmente ao baixo custo e facil acesso a grande
parcela da populacdo e a crenca de que estas substancias séo isentas de efeitos
nocivos a saude (BARATA, 2008). Atualmente, tem-se dado grande importancia a
fitoterapia e estima-se que pelo menos 25% de todos os medicamentos modernos séo
derivados direta ou indiretamente de plantas medicinais, principalmente por meio da
aplicacao de tecnologias modernas ao conhecimento tradicional (BRASIL, 2012). Por
isso, a relevancia de estudos sobre plantas, ndo sé para verificar os efeitos positivos,
mas também os efeitos toxicos a salde da populacdo. E imprescindivel diferenciar
planta medicinal de fitoterapico. De acordo com Veiga Junior et al. (2005), planta
medicinal é "todo e qualquer vegetal que possui, em um ou mais 6rgaos, substancias
que podem ser utilizadas com fins terapéuticos ou que sejam precursores de farmacos
semi-sintéticos". Ja o fitoterdpico é um medicamento tecnicamente obtido, com
formulacéo especifica, empregando-se apenas matéria prima de fonte vegetal, cujo
efeito tenha sido comprovado cientificamente (KALLUF, 2008).

O Ministério da Saude através da Portaria n® 971 de 2006 recomenda a fitoterapia
(uso de plantas medicinais e medicamentos fitoterapicos), como opc¢des terapéuticas
e preventivas aos usuarios do Sistema Unico de Saude (SUS). Além disso, em
levantamento realizado em 2004, afirma que 116 municipios de 22 estados brasileiros
fazem uso da fitoterapia em combinacdo com farmacos convencionais (BRASIL,
2006). Assim, os fitoterapicos podem atuar como forma alternativa de terapéutica
levando em consideracdo o menor custo, cujos beneficios complementam-se aos da
terapia convencional. Para isso, sd0 necessarias pesquisas cientificas nessa area de
modo a levar & comprovacao da eficacia dessas espécies garantindo a seguranca na
sua utilizacado (BORGES et al., 2008).


http://bvsms.saude.gov.br/bvs/saudelegis/gm/2006/prt0971_03_05_2006.html
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1.1.2 Metabdlitos secundarios de plantas

As plantas sao conhecidas por sua habilidade em produzir uma grande variedade
de metabdlitos primarios e secundarios. Os metabdlitos secundarios séo produtos de
baixo peso molecular, que se diferenciam dos primarios por ndo serem essenciais a
vida da planta (DOMINGO & LOPEZ-BREA, 2003). Estes metabdlitos sdo
biossintetizados pelas plantas para diferentes finalidades, como a regulacdo do
crescimento, interacdes intra e interespecificas, protecdo contra radiacdo UV e defesa
contra predadores e infeccbes (VERPOORTE, 1998; WILLS et al., 2000; GOBBO-
NETO & LOPES, 2007). Sao responsaveis pelas propriedades bioativas de interesse
farmacoldgico, que servem como potenciais derivativos de novas drogas. Dentre os
principais compostos derivados desse metabolismo estdo: polifenois, alcaldides,
cumarinas, antraquinonas, taninos, 6leos essenciais e saponinas (SANTOS et al.,
2010). Os flavonoides pertencem ao grupo dos compostos polifendlicos e séo
pigmentos comuns as plantas. Os polifendis sdo encontrados na maioria das plantas
comestiveis e sao conhecidos por serem benéficos a saude, estando associados com
o0 consumo de chocolate, cha verde e vinho tinto (DE BOCK et al., 2012). Dentre as
espécies com importantes atividades biolégicas devido seus constituintes ativos esta

a Olea europaea L.

1.1.3 Espécie Olea europaea L.

A familia Oleaceae inclui 25 géneros e cerca de 600 espécies. Entre os géneros
conhecidos, destaca-se o género Olea, que registra cerca de 35 espécies com
destaque a espécie Olea europaea L., popularmente conhecida como oliveira. Comum
em varias partes do mundo, a oliveira € uma arvore perene de longa duracéo, sendo
cultivada, principalmente, na bacia do Mediterraneo, porém sua area de distribuicao
esta sendo ampliada para diversos paises do mundo, como Australia, China e paises
da América do Sul (RUGINI, 1995; RUGINI & GUTIERREZ-PESCE, 2006). Seus
frutos sao utilizados para fins ornamentais, producéo de azeitonas de mesa e também
para a producédo do azeite de oliva (FARES et al., 2011; LALAS et al., 2011).

Os frutos e o0 azeite de oliva sado particularmente conhecidos por seus efeitos
benéficos a saude humana. De acordo com Tuck & Haybal (2002), o consumo do

azeite contribui para a baixa incidéncia de doencas cardiacas e alguns canceres.
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Assim como seu azeite, as folhas possuem amplas propriedades farmacoldgicas e
tém sido usadas tradicionalmente para o tratamento de varias doencas (BRAHMI et
al., 2012; KIRITSAKIS et al.,, 2010; LEONARDIS et al., 2008), além de estarem
disponiveis a um baixo custo e serem de facil obtencédo (LI et al., 2011). Suas
atividades bioldgicas sao atribuidas aos constituintes fendlicos de suas folhas, em
especial a oleuropeina e seus derivados hidroxitirosol e tirosol (KAEIDI et al., 2011).
Além destes, também sdo encontrados éacido cafeico, &cido p-cumarinico, &acido
vanilico, luteolina, diosmetina, rutina, luteolina-7-glucosideo, apigenina-7-glucosideo
e diosmetina-7-glucosideo (BIANCO & UCCELLA, 2000; FARAG et al., 2003; RYAN
et al., 2002; SAMUELSSON, 1951; TASIOULA-MARGARI & OLOGERI, 2001). As
extensas mudancas quantitativas e qualitativas em compostos fenodlicos séo
dependentes do ciclo bioldgico da oliveira (BRAHMI et al., 2013). A origem, condi¢cdes
de armazenamento, condi¢des climaticas, teor de umidade e grau de contaminacgao
do solo sdo alguns fatores que podem alterar a composi¢cédo quimica das folhas de
oliva (EL & KARAKAYA, 2009).

Dentre as propriedades farmacoldgicas da oliva, estdo: antioxidante, anti-
hipertensiva, antiaterogénica, anti-inflamatéria, hipoglicémica e hipocolesterolémica
(EL & KARAKAYA, 2009). Segundo Tuck & Hayball (2002), a atividade antioxidante
da oliva pode ser explicada pela presenca da estrutura ortodifendlica (catecodlica)
encontrada nos seus constituintes fendlicos. Particularmente, a oleuropeina esta
associada com a melhora no metabolismo da glicose, demonstrando ter um efeito
inibidor sobre o aumento pés-prandial da glicose no sangue em pacientes e em ratos
diabéticos. Entre o0s possiveis mecanismos sugeridos para explicar o efeito
hipoglicemiante da folha da oliveira, estdo a maior liberacdo de insulina induzida pela
glicose e 0 aumento da captacéo periférica de glicose, sendo um potencial tratamento
para o diabetes (AL-AZZAWIE & ALHAMDANI, 2006). Portanto, € util investigar sua
influéncia nesta doencga, assim como avaliar sua toxicidade aguda e subaguda em
modelos experimentais, visto que poucos estudos estao associados com a toxicidade

de Olea europaea L. (figura 1).
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Figura 1. Olea europaea L. (oliva) — Aspecto geral. Disponivel em:
<http://umtrilhonafloresta7b.blogspot.com.br/2011/01/oliveira.htmI>

1.2 TOXICIDADE

Os estudos toxicolégicos tém por finalidade prever os possiveis efeitos adversos,
gue podem se manifestar quando da exposi¢cdo humana a determinada substancia
quimica, podendo ser um medicamento, um agente quimico ou outros (KOETER,
1993; STOKES, 2002; MEYER, 2003). Os testes toxicolégicos normalmente
requeridos com propdsito regulatério incluem: toxicidade aguda, toxicidade subaguda,
toxicidade crbnica, mutagénese, carcinogénese, reproducdo e teratogénese,
toxicocinética, efeitos locais sobre a pele e olhos, sensibilizacdo cutédnea e
ecotoxicidade (BARROS & DAVINO, 2003; SPIELMANN, 2002).

As condicbes de exposicdo, como dose administrada, tempo e frequéncia de
exposicdo (doses Unicas ou repetidas) e via de administragdo podem determinar a
presenca ou auséncia de toxicidade de uma substancia (OGA, 2008). Quando
aplicados em animais de laboratério e em condicdes adequadas, os estudos
toxicolégicos permitem determinar os possiveis efeitos de substancias em humanos
ou animais (OGA, 2008).

As plantas medicinais desempenham um papel muito importante na medicina
moderna, podendo fornecer inUmeros farmacos, porém muitas destas plantas podem
apresentar substancias que desencadeiam reacdes adversas. Por isso, 0 uso popular
de plantas medicinais, e mesmo o tradicional, ndo séo suficientes para valida-las como
medicamentos eficazes e seguros (TUROLLA & NASCIMENTO, 2006; AGRA et al.,

2007; 2008). Podemos citar a Baccharis trimera (cargueja) que, popularmente, é
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utilizada para o tratamento de gastroenterites, anorexia, gripe, resfriado, além de ter
acdo digestiva e diurética. Porém, seu principal efeito toxico relatado na literatura é a
inducdo de aborto (VERDI et al., 2005), além de baixa toxicidade e efeitos
antimutagénicos (NAKASUGI & KOMAI, 1998). A Lantana camara (cambara) é
utiizada na medicina popular como diurético, expectorante, antipirético e
antirreumatico. No entanto, pode ser toxica apos ingestao de seus frutos por bovinos,
que apresentaram diminuicdo do apetite, ictericia, inquietacdo, lesbes de
fotossensibilizacdo, apatia, intensa salivagao e desorientagdo (COSTA et al., 2009;
TOKARNIA et al., 1999). De acordo com dados do Sistema Nacional de Informacdes
Toxico-Farmacologicas (SINITOX), no ano de 2010, no Brasil foram registrados 1377
casos de intoxicagcdo humana por uso de plantas sendo que desses, 5 foram a 6bito
(SINITOX, 2010).

Atualmente, existem protocolos com especificacdes acerca dos ensaios a
serem desenvolvidos. Entre eles, encontra-se a Organizacdo para Cooperacgéo
Econbmica e Desenvolvimento (OECD). Dentre os estudos de toxicidade
preconizados pela OECD, ha os protocolos para os testes de toxicidades oral aguda
e subaguda (OECD 423 e 407, respectivamente). O uso indiscriminado de animais na
pesquisa tem sido motivo de discussdes, principalmente de carater ético, visto o
grande numero de animais requerido e do sofrimento causado durante alguns tipos
de experimento (WHITE, 2001; MEYER, 2003). Depois de reavaliagbes nos
protocolos, estes cumprem a meta de reduzir o nimero e o sofrimento dos animais e
podem fornecer informacdo adequada para a classificagdo toxicoldégica das
substancias estudadas (DIPASQUALE & HAYES, 2001).

1.2.1 Toxicidades aguda e subaguda

O teste de toxicidade aguda é definido como os efeitos adversos que ocorrem
dentro de um periodo curto apds administracdo de dose Unica, ou doses multiplas,
administradas em 24 horas (OGA, 2008). Normalmente avalia-se a mortalidade ou a
imobilidade dos animais e é possivel determinar a dose letal (LDso). A LDso € definida
como a quantidade de substancia quimica que, quando ingerida em uma s6 dose oral
(expressa em mg de substancia/kg de peso animal), causa a morte de 50% dos
animais expostos a substancia (COSTA et al., 2008). Os efeitos aparecem de imediato
ou no periodo de 14 dias (PIMENTEL et al., 2006; AMARAL & SILVA, 2007).
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J& o estudo de toxicidade subagudo refere-se aos efeitos nocivos, cumulativos,
decorrentes de uma exposicdo repetida, de preferéncia oral, em um periodo limitado
de exposicao ao longo do tempo (RHIOUANI et al., 2008; OGA, 2008; BETTI et al.,
2012). Neste tipo de teste sao utilizadas, pelo menos, trés doses experimentais. A
partir dele € possivel a obtencao de informacgdes sobre os efeitos toxicos, identificacdo
de 6rgdos alvos, efeitos na fisiologia do animal, hematoldgicas, bioquimicas, anato e
histopatolégicas (ANVISA, 2013).

Frente ao uso de plantas medicinais pela populacédo e sua crenca de que nao
causam efeitos toxicos, torna-se necessario investigar quais os possiveis efeitos

toxicos dessas plantas em modelos experimentais.

1.3 DIABETES MELLITUS

O Diabetes Mellitus (DM) € uma doenca de grande preocupacédo de saude para
as pessoas devido as sérias complicacdes que pode desencadear. De acordo com a
Organizacdo Mundial da Saude (OMS), aproximadamente 5% da populacdo mundial
possui essa doenca e esse numero pode duplicar até o ano de 2025 devido ao
crescimento populacional, envelhecimento e habitos de vida ndo saudaveis (KAEIDI
et al., 2011). Se néo tratado adequadamente, o DM pode desencadear complicacdes,
como neuropatia podendo levar a ulceracdes no pé e amputacdes, doencas
coronarianas, nefropatia, retinopatia, entre outros (AMERICAN DIABETES
ASSOCIATION - ADA, 2011). Um fato preocupante € que parte das pessoas ndo tem
conhecimento que possuem esta sindrome e, além disso, metade das pessoas
diagnosticadas ja apresentam sinais de complicacdes da doenca.

O DM ocorre quando o pancreas ndo produz insulina suficiente ou esta é
incapaz de exercer adequadamente seus efeitos nos tecidos alvos, resultando em um
distirbio no metabolismo dos carboidratos, lipidios e proteinas (SOCIEDADE
BRASILEIRA DE DIABETES - SBD, 2013-2014). A insulina € um horménio que
controla a concentragao de glicose no sangue e alteragées em sua agao e/ou secre¢ao
pode levar ao desenvolvimento de DM. Muitos estudos mostram que o nivel de
insulina circulatéria é aumentado e nao diminuido em individuos com glicose
sanguinea alta em desenvolvimento do diabetes mellitus tipo 2 (DMT2) (MALECKI,
2004; PERRY et al, 2014; TAYLOR, 2012). A hiperglicemia (aumento da

concentracdo de glicose) é um efeito comum no DM e est4d associado ao
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desenvolvimento de complicagBes devido seus efeitos toxicos, que comprometem a
produtividade, a qualidade de vida e sobrevida dos pacientes, além de envolver altos
custos no seu tratamento (SBD, 2007). O controle glicémico € crucial, pois tende a
diminuir os riscos de desenvolvimento de complicacbes crénicas ou retardar sua
progressao.

O DM pode ser classificado em diferentes categorias e o diagndstico de um
individuo geralmente depende das circunstancias presentes no momento (ADA,
2008). As duas principais classes sao classificadas como Diabetes Mellitus tipo 1
(DMT1) e Diabetes Mellitus tipo 2 (DMT2), sendo que 90 a 95% dos pacientes
apresentam DMT2 (SKYLER, 2004; LIU et al.,, 2013). O DMT1 é resultado da
destruicdo das células-B pancreaticas (de origem autoimune ou idiopatica), que
usualmente leva a deficiéncia absoluta de insulina. Geralmente encontra-se em
criancas e adolescentes, podendo ocorrer em qualquer idade e corresponde a apenas
5% a 10% dos casos de diabetes (ADA, 2008). J& o DMT2 caracteriza-se por um
declinio progressivo da acéo da insulina, levando a resisténcia a insulina, seguida pela
incapacidade de compensar esta resisténcia, que ocorre devido a disfuncdo das
células-B pancreaticas, responsaveis por sintetizar e secretar a insulina. Essa forma
de diabetes pode passar sem ser diagnosticada por longo periodo de tempo, visto que
a hiperglicemia se desenvolve gradualmente e a maioria dos pacientes apresenta
sobrepeso ou obesidade (ADA, 2008).

A prevaléncia do DMT2 esta crescendo rapidamente no mundo, tornando-se
um importante problema de salude associado a grandes taxas de morbidade e
mortalidade (MALECKI, 2004). Em 2012, 4,8 milhGes de pessoas morreram devido ao
diabetes (INTERNATIONAL DIABETES FEDERATION - IDF, 2012) e sua prevaléncia
devera aumentar para 552 milhbes de pessoas em 2030 (IDF, 2011). O
envelhecimento da populagéo, a urbanizacao crescente e a adogéo de estilos de vida
pouco saudaveis como sedentarismo, dieta inadequada e obesidade sdo os grandes
responsaveis pelo aumento da prevaléncia do diabetes, especialmente o tipo 2
(FERREIRA & FERREIRA, 2009).

1.3.1 Modelo de inducéo de diabetes mellitus

Recentemente, modelos ndo-genéticos de roedores tém sido desenvolvidos

através da combinacdo de uma dieta hipercaldrica associada a uma baixa dose de
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estreptozotocina (STZ). A STZ foi isolada de um micro-organismo de solo conhecido
como Streptomyces achromogenes, que mostrou um amplo espectro de atividade
antibiotica (REUSSER, 1971). Desde sua descoberta em 1959, tem sido
extensamente utilizada para a inducdo do diabetes em animais experimentais e em
estudos preé-clinicos (GOUD et al., 2015). Ratos tratados com dieta hipercalérica
associada a STZ, tornam-se significativamente hiperglicémicos, hiperlipidémicos e
desenvolvem ganho de peso (MU et al., 2006; SRINIVASAN et al., 2004). A dieta
hipercalorica ndo induz a hiperglicemia em ratos alimentados com ela, talvez pela
hiperinsulinemia compensatoria, porém a administracdo de STZ em baixa dose leva a
danos nas células B produtoras de insulina, o que leva ao desenvolvimento de
hiperglicemia (HOLMES et al., 2015). Além disso, os niveis de insulina plasmética séo
notavelmente reduzidos em animais tratados com STZ quando comparado aos
animais tratados apenas com veiculo e dieta hipercal6rica. Esses modelos tém-se
tornado populares por refletirem as alteracdes estruturais, funcionais e bioquimicas
usualmente observadas em pacientes diagnosticados com DMT?2.

Primariamente, a STZ foi utilizada como agente alquilante na quimioterapia de
tumores metastaticos das ilhas pancredticas e apenas depois sua atividade
diabetogénica foi evidenciada (ELEAZU et al., 2013). A administracdo de STZ resulta
em citotoxicidade nas células 3 pancreaticas. Por ser um analogo da glicose, a STZ
entra nas células B através do transportador GLUT-2 e acumula-se intracelularmente,
formando um agente alquilante, o diazometano, que causa a metilacdo do DNA, com
consequente acdo diabetogénica (LENZEN, 2008). Além deste, também pode
apresentar outros mecanismos, como auto-oxidacao da glicose, aumento da geracao
de radicais livres de oxigénio, secrecdo de citocinas, entre outros (GONZALEZ et al.,
2000; GIACCO & BROWNLEE, 2010).

A dose e a duracdo da STZ sdo importantes fatores na inducéo de determinado
tipo de diabetes, por isso conhecer a patogénese dos diferentes tipos de DM é uma
grande preocupacao. Para a inducdo do DMT1 acredita-se que uma Unica dose de
STZ é suficiente (JUNOD et al., 1969; YIN et al., 2006). Enquanto que o DMT2 tem
sido induzido por varios mecanismos como injecado de STZ seguido de administracéo
de nicotinamida (WU et al., 2008; SZKUDELSKI, 2012), dieta hipercalérica apos baixa
dose de STZ e injecdo de STZ durante o periodo neonatal (PATIL et al., 2014;
PORTHA et al., 1988; WU & YAN, 2015).
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1.3.2 Adipocinas e citocinas

O DM tem mostrado ser uma doenca de caréater inflamatorio e dentre os
marcadores inflamatoérios, podemos citar as citocinas. As citocinas sdo proteinas
sollveis sintetizadas por células imunes ou ndo, que mediam a comunicacao
intracelular por transmitirem informacdes as células-alvo através de interacdes com
receptores especificos (PRADO et al., 2009). As interleucinas IL-1 e IL-6, o fator de
necrose tumoral-a (TNF-a) e o interferon-y (IFN-y) s&o citocinas de carater pro-
inflamatorio, enquanto que a IL-10 € uma citocina anti-inflamatoria.

O tecido adiposo é conhecido por possuir funcbes como armazenamento de
energia e termogénese, porém estudos tém demonstrado que este tecido tem um
importante papel como 6rgdo produtor de hormonios, que regulam o metabolismo e
atuam em diversos sistemas (FONSECA-ALANIZ et al., 2006). As adipocinas, que
podem ser ou ndo citocinas, séo sintetizadas e liberadas pelos adipdcitos, entre as
mais conhecidas podemos citar a leptina, adiponectina e resistina, que estao
envolvidas no controle do metabolismo (FONSECA-ALANIZ et al., 2006). A grelina
também é uma adipocina importante no controle do metablosimo, porém € produzida
pelo estbmago.

A expansao severa do tecido adiposo € associada a inflamacéo adiposa e perfil
alterado de adipocinas (HAN & LEVINGS, 2013). Mudangas nas concentracdes
séricas das adipocinas possuem um papel importante no desenvolvimento do DM
(GUIMARAES et al., 2007), visto que podem possuir acdo no metabolismo da glicose
e/ou sdo associadas a resisténcia a insulina. Também estéo associadas a obesidade,
geralmente encontrada no DMT2. A expressdo das adipocinas é controlada por
diversas substancias como a insulina e citocinas pro-inflamatérias (ROMERO &
ZANESCO, 2006), sendo assim as concentracdes das citocinas e adipocinas estao
estritamente relacionadas. Estudos mostram que a resposta anti-inflamatoria da
adiponectina parece ser mediada pelas concentragdes da IL-6 e 0 TNF-a. De acordo
com PRADO et al., (2009) individuos que apresentam alta concentracdo de
adiponectina sdo menos suscetiveis a desenvolver DMT2 em relacdo aos que
apresentam hipoadiponectinemia. Por outro lado, a hiperleptinemia € encontrada no
DM, sendo atribuida a alteracdes no receptor de leptina ou a uma deficiéncia em seu

sistema de transporte na barreira hemato-cefélica, fator denominado resisténcia a
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leptina (ROMERO & ZANESCO, 2006). Portanto, torna-se util investigar as atividades
desses marcadores no DM.

1.3.3 Estresse oxidativo

A geracao de radicais livres (RL) é um processo continuo e fisioldgico, que
possui importantes fung¢des bioldgicas e pode ocorrer no citoplasma, na membrana
plasmatica, nas mitocondrias, entre outros. Entretanto, quando ha a producéo
excessiva pode causar danos as proteinas, lipideos e acidos nucleicos. As principais
espécies reativas de oxigénio (EROs) sdo o anion superéxido (02™), o peréxido de
hidrogénio (H202) e o radical hidroxila (OH") e sua presenga nos organismos pode ter
efeitos deletérios (PREMKUMAR & BOWLUS, 2003). As EROs causam danos ao
DNA ou podem oxidar lipidios e proteinas e possuem grande influéncia no processo
etiologico de algumas doencas como aterosclerose, diabetes, obesidade, transtornos
neurodegenerativos e cancer (GREEN et al., 2004). O estresse oxidativo decorre do
desequilibrio entre compostos oxidantes e antioxidantes, a partir da geracéo
excessiva de radicais livres ou em detrimento da velocidade de remocdo destes
(BARBOSA et al., 2010). Define-se por antioxidantes as substancias que presentes
em concentragcbes baixas, comparadas ao substrato oxidavel, retardam
significativamente ou inibem a oxida¢édo do substrato (SOUSA et al., 2007).

A producdo de EROs altera a defesa antioxidante e prejudica o metabolismo
da glicose no sistema biolégico, por causar aumento da peroxidacdo lipidica
(BALASUBASHINI et al., 2004). O nivel de malondialdeido (MDA) é utilizado para
definir o grau de peroxidacao lipidica, sendo que quanto maior o conteddo de MDA
maior sera a peroxidacao lipidica, indicando um maior indice de danos as membranas
celulares (KASHYAP et al., 2005). A superdxido dismutase (SOD) e a catalase (CAT)
sdo algumas das enzimas responsaveis pela defesa antioxidante do organismo, sendo
a primeira defesa enddgena de neutralizacdo das EROs (ROHENKOHL et al., 2011).

O consumo de antioxidantes naturais presentes em diversos alimentos esta
associado a baixa incidéncia de doencas relacionadas ao estresse oxidativo
(BEHERA et al., 2008). Dentre eles, podemos encontrar flavonoides e polifenois, que
estdo sendo utilizados no tratamento de diabetes e dislipidemia (MARTINELLO et al.,
2006). Os polifenois, bem como outros metabdlitos secundarios com propriedades

antioxidantes, exercem um efeito anti-diabético benéfico por melhorar distlrbios
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oxidativos nas condi¢cdes diabéticas (ABDELMOATY et al., 2010; TIWARI & RAO,
2002). Visto que o estresse oxidativo estd associado na patologia e complicacdes do
DM, sédo importantes estudos envolvendo antioxidantes no tratamento e/ou prevencao

da doenca.

1.3.4 Plantas medicinais no tratamento de diabetes mellitus

Os farmacos utilizados atualmente para o tratamento do DM possuem alto custo
e muitos efeitos colaterais. Uma vez que muitos individuos escolhem a suplementacéo
dietética e terapias alternativas como as plantas medicinais, hA& um aumento nas
pesquisas referentes aos efeitos de substancias naturais na reducao dos niveis de
glicose sanguinea (RATES, 2001).

Varias espécies vegetais tém sido estudadas como benéficas no controle do DM.
A informacdo etnobotéanica relata cerca de 800 plantas que podem possuir
propriedades antidiabéticas e mais de 1200 espécies de plantas tém sido testadas
com base na etnofarmacologia (GROVER et al., 2002; MARLES & FARNS-WORTH,
1995). Entre as plantas que ja possuem confirmacao através de estudos cientificos da
sua atividade hipoglicemiante, estdo: Baccharis trimera (Less.) DC. (carqueja),
Bauhinia forficata Link. (pata-de-vaca), Salvia Officinalis L. (salvia), Mormodica
charantia L. (meldo-de-Sdo Caetano), Phyllantus niruri L. (quebra-pedra) e Myrcia
sphaerocarpa DC (ROSA et al., 2012). A maioria destas plantas contém compostos
bioativos, que estdo relacionados com os diversos mecanismos que originam agao
antidiabética como fendlicos, glicosideos, alcaloides, terpenos e flavonoides (PATEL
et al., 2012). Estes podem agir aumentando a liberacdo de insulina, modificando o
metabolismo da glicose, inibindo fatores hiperglicemiantes, inibindo ou estimulando a
sintese de enzimas ou atenuando as complicacdes do diabetes (DORNAS et al.,
2009).

1.5 OBJETIVOS

1.5.1 Objetivo geral

Avaliar a toxicidade aguda e subaguda da tintura das folhas de oliva (O.

europaea L.) em ratos Wistar e induzir um modelo experimental de diabetes mellitus
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tipo 2 através de dieta hipercalorica e baixa dose de estreptozotocina para analisar o

efeito da tintura no metabolismo de ratos Wistar.

1.5.2 Objetivos especificos

o Avaliar o conteudo de polifenois totais, flavonoides e a capacidade antioxidante
da tintura das folhas de oliva;

o Avaliar a toxicidade aguda ex vivo da tintura das folhas de oliva seguindo o
Guia OECD 423 em ratos Wistar;

o Avaliar a toxicidade subaguda ex vivo da tintura das folhas de oliva seguindo o
Guia OECD 407 em ratos Wistar;

o Induzir o diabetes mellitus tipo 2 em ratos machos Wistar através da
administracdo de baixa dose de estreptozotocina (STZ) associado a uma dieta
hipercalorica;

o Comparar a glicemia e o peso corporal dos animais em seus diferentes grupos;

o Analisar o efeito antidiabético da tintura das folhas de oliva através da
peroxidacdo lipidica, atividade antioxidante enzimatica, marcadores
inflamatorios e concentracdes de adipocinas;

o Analisar os parametros hematol6gicos e bioquimicos.

2 MANUSCRITOS

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

publicacdo do mesmo.

2.1 MANUSCRITO 1

ACUTE AND SUB-ACUTE (28 DAYS) ORAL TOXICITIES OF THE TINCTURE OF
Olea europaea L. LEAVES IN WISTAR RATS

O presente manuscrito foi submetido & Revista Food and Chemical Toxicology.
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ACUTE AND SUB-ACUTE (28 DAYS) ORAL TOXICITIES OF THE TINCTURE OF
Olea europaea L. LEAVES IN WISTAR RATS

Camille Gaube Guex?, Fernanda Ziegler Reginato?, Andreia Regina Haas da Silva?,
K&ssia Caroline Figueredo? Robson Borba de Freitas?, Roberta da Silva Jesus®,

Cibele Lima Lhamas® Gilberti Helena Hibscher Lopes?, Liliane de Freitas Bauermann?

aDepartamento de Fisiologia e Farmacologia, Centro de Ciéncias da Saude,
Universidade Federal de Santa Maria, Santa Maria, RS, Brasil.

bDepartamento de Farmacia Industrial, Centro de Ciéncias da Salde, Universidade
Federal de Santa Maria, Santa Maria, RS, Brasil.

‘Departamento de Clinica Médica de Pequenos Animais, Hospital Veterinario
Universitario, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil.
dDepartamento de Tecnologia e Ciéncia dos Alimentos, Centro de Ciéncias Rurais,

Universidade Federal de Santa Maria, Santa Maria, RS, Brasil.

Postal address: Universidade Federal de Santa Maria, Avenida Roraima, n° 1000,
Cidade Universitaria, Bairro Camobi, Santa Maria, RS, CEP 97105-900

E-mail address of authors: camilleguex@yahoo.com.br, fernanda_zr@yahoo.com.br,

andreiaregina_silva@yahoo.com.br, kassia.tquimica@yahoo.com.br,
robsonborbaf@gmail.com, robertasj@hotmail.com, cibelelhamas@gmail.com,
gilberti@gilbertinutri.com.br, Igfbauermann@gmail.com

Corresponding author:

Camille Gaube Guex

E-mail: camilleguex@yahoo.com.br

Universidade Federal de Santa Maria, Centro de Ciéncias da Saude, Santa Maria, RS.
Telefone: (55) 3220 9380




27

Abstract

Olea europaea L., popularly known as olive, is a plant widely used worldwide. Its
leaves, fruit and oil are extensively consumed and possess important pharmacological
properties. However, studies about its toxicity are still limited in the literature.
Therefore, the aim of the study was to investigate the acute and subacute (28 days)
oral toxicities of the tincture of O. europaea L. leaves (TOL) in Wistar rats through
biochemical and hematological parameters. In acute study, a single dose of 2000
mg/kg of TOL was administered by oral gavage in male and female rats. In subacute
study, TOL was administered during 28 days at different doses to male and female
rats. Body weight of the animals was recorded during treatment period. At the end of
the experiments, blood was collected for hematological and biochemical parameters.
Single dose of 2000 mg/kg did not induce mortality or any signs of toxicity in animals
treated. Animals exposed to TOL during 28 days did not present sign of abnormalities.
Results demonstrate that tincture of O. europaea L. leaves did not induce toxicity after
exposition to a single or repeated doses. However, more studies are needed to have

complete information about its safety for use in humans.

Highlights:

Medicinal plants have been used worldwide due to their therapeutic properties.
Even though natural products, can lead to adverse effects to users.

Olive is used worldwide due to its biological activities.

Olive did not show any signs of toxicity or abnormalities.

Keywords: Olive. Toxicity. Leaves. Acute. Subacute.
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1 Introduction

Medicinal plants have been used for therapeutic purposes for many years and
its worldwide consumption, as well as self-medication, is mainly due to the low cost
and free access to the large portion of the population (Ekor, 2014). Contrary to the
belief that natural products are safe and free of toxicity, these substances may have
moderate to severe effects to the users due to its chemical complexity (Bhushan et al.,
2014). Then, it is important establish the safety of medicinal plants through toxicity
studies in appropriate conditions (Oga, 2008). The olive tree (Olea europaea L.), which
belongs to the Oleaceae family, is a fruit tree characteristic of the Mediterranean region
(Fares et al., 2011; Lalas et al., 2011) and it is known to possess fruit, oil and leaves
with a history of nutritional, medicinal and ceremonial uses (Soni et al., 2006). The
olive leaf tea is the most common and traditional used between people of the
Mediterranean to cure certain diseases (El & Karakaya, 2009). The olive fruit, its oil
and the leaves have high levels of phenolic compounds, which are associated with
important  pharmacological  properties as antioxidant, antihypertensive,
antiatherogenic, anti-inflammatory, hypoglycemic and hypocholesterolemic (El &
Karakaya, 2009). Also possess biologic activities including antioxidant, antimicrobial
and antiproliferative due to its bioactive compounds such as oleuropein, verbascoside,
rutin, tyrosol and hydroxytyrosol (Rahmanian et al., 2015). Since information about
toxicity of olive leaf are limited, it is important it is important to conduct new
studiesregarding the safety of exposure to olive leaves. Therefore, the aim of this study
was to investigate the acute and subacute (28 days) oral toxicities of the tincture of

olive leaves (TOL) in Wistar rats by biochemical and hematological parameters.
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2 Materials and methods
2.1. Plant material

Tincture of Olea europaea leaves was purchased from Flores e Ervas Com.
Farm. Ldta. (Piracicaba, Sado Paulo, Brazil) in 2015. The leaves were macerated with
an initial alcohol content of 60% (v/v) and final of 51% (v/v).
2.2 Chemical and reagents

All chemical were of analytical grade. Acetic acid, acetonitrile and methanol
were acquired from Merck (Darmstardt, Germany) while gallic, caffeic, chlorogenic
acids, rutin and quercetin were purchased from Sigma Chemical Co. (St. Louis,
Misouuri, USA).
2.3 Determination of total phenolics content

The determination of total phenolic content of TOL was performed by the Folin—
Ciocalteu method with slightly modifications performed by Chandra & Meja, 2004. The
samples were read at 730 nm in spectrophotometer. The total phenolics 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 = 0.002x + 0.001 (r = 0.998). The experiment was conducted in triplicate. Data
are expressed as mean + standard deviation.
2.4 Determination of total flavonoids content

The determination of flavonoids in TOL was performed as described by Woisky &

Salatino, 1998. The absorbance was determined by spectrophotometer at 420 nm.
Ethanol was used as a blank. The equation obtained for the calibration curve of rutin
in the range of 0.005 a 0.04 mg/mL was Y = 0.0275x + 0.0226 (r = 0.998). The content
of flavonoids was established as milligrams rutin equivalent (RE)/g dry fraction. The

experiment was conducted in triplicate.
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2.5 Radical-Scavenging Activity — 2, 2 diphenyl-2-pricrylhydrazyl (DPPH) Assay

The radical scavenging activity of TOL was quantified in the presence of DPPHe
stable radical, according to a slightly modified method (Choi et al., 2002).
Spectrophotometric analysis was used to measure the free radical-scavenging
capacity (RSC) and to determine the scavenging concentration or inhibitory
concentration (ICso). The DPPH scavenging ability was expressed as ICso (the tincture
concentration (ug/mL) required to inhibit 50% of the DPPH in the assay medium).

TOL was tested at six different ethanol dilutions at 7.81, 15.62, 31.25, 62.50, 125
and 250 pg/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 and ascorbic
acid in the same concentrations used for the TOL provided the positive control. The
test was performed in triplicate and the calculation of the antioxidant activity followed
the equation:

% inibition = 100 — [((AbSsample — AbSbiank) / AbScontrot) X 100]
Where: Abssample is absorbance of each fraction; Absbiank is absorbance of TOL without
adding the DPPH; Abscontrol is absorbance the solution of ethanol in DPPH. After
calculation of inhibition of DPPH radical in percentage, it was produced an inhibition
percentage graphic versus the concentration of the tincture used, having as standard
the ascorbic acid.
2.6 Animals
Male and female Wistar rats (weighing 150 — 200 g) were obtained from animal

house of Universidade Federal de Santa Maria (UFSM) and randomly housed in
polypropylene cages according to gender at different experimental groups. Animals

were acclimatized for a week before the commencement of the experiment and
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mantained under controlled temperature (22 + 2 °C) with a constant 12 h light/dark
cycle. All animals were allowed free access to food (standard diet) and water and
handled in accordance with the ethical principles for animal experimentation developed
by the Colégio Brasileiro de Experimentacdo Animal (COBEA). This study was
approved by the Comité de Etica no Uso de Animais from UFSM under the number
121/2014.
2.7 Toxicity studies

Acute and sub-acute toxicity studies were performed according to OECD
guidelines (Organisation for Economic Co-operation and Development) 423 and 407,
respectively (OECD, 2001; 2008).
2.7.1 Acute toxicity

TOL was administered in a single dose of 2000 mg/kg by oral gavage in three
males and three females (n=6). A negative control group was established by
administering a 51% ethanol solution (10 mL/kg) to both males and females (n=6). The
experiment was performed in duplicate. After administration, animals were observed
individually during the first 30 minutes and then daily for 14 days. Observations
included mortality and changes in skin and fur, eyes and mucous membranes, and
also respiratory, circulatory, autonomic and central nervous systems, and
somatomotor activity and behaviour pattern. Attention should be directed to
observations of tremors, convulsions, salivation, diarrhea, lethargy, sleep and coma
(OECD, 2001). Besides, the body weights of animals were recorded during the
treatment period. At the end of the treatment, animals were fasted overnight, but
allowed free access to water. They were then anesthetized with pentobarbital sodium
(50 mg/kg, intraperitoneally - i.p.) associated with lidocaine hydrochloride (10 mg/mL)

and blood collected with and without anticoagulant (ethylene diamine tetra acetate) by
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cardiac puncture for hematologic and biochemical analyzes, liver and kidney were
removed and examined macroscopically.
2.7.2 Sub-acute toxicity

Animals were divided into 4 groups of 10 each (5 males and 5 females) and
their body weights were recorded during the treatment period. Control group received
ethanol 51% (10 mL/kg), while treated groups received TOL at doses of 100, 200 and
400 mg/kg once a day for 28 days by oral gavage. Doses were decided according to
previous studies of our research group (da Silva et al., 2016). Animals were observed
for signs of abnormalities during the treatment period. At the end of the treatment,
animals were fasted overnight, but allowed free access to water. They were then
anesthetized with pentobarbital sodium (50 mg/kg, i.p.) associated with lidocaine
hydrochloride (10 mg/mL) and blood collected with and without anticoagulant (ethylene
diamine tetra acetate) by cardiac puncture for hematologic and biochemical analyzes,
liver and kidney were also removed and examined macroscopically.
2.8 Hematological and biochemical parameters

Blood without anticoagulant was allowed to clot before centrifugation (4000 rpm
for 10 min) to obtain serum, which was utilized for the assessment of glucose (GLU),
total cholesterol (CHOL), blood urea nitrogen (BUN) and creatinine (CRE) levels and
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities,
using a commercial kit (Diagnostic Kits Laboratory Bioclin/Quibasa, Minas Gerais,
Brazil) and semi-automatic biochemical analyzer (Genz, Bioplus: Bio-2000).

Total blood was analyzed immediately for hematological parameters: red blood
cells (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV),

mean cell corpuscular hemoglobin concentration (MCHC), platelets (PLT) and
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leukocyte total count were determined by using an automatic counter veterinary
Mindray BC 2800.
2.9 Statistical analysis

Data are expressed as mean = standard deviation (S.D.). All the results were
assessed by one-way analysis of variance (ANOVA) followed by Tukey post-hoc test.
The diferences between groups were considered to be significant when p < 0.05.
3 Results
3.1 DPPH, total polyphenolics and flavonoids content

DPPH, total polyphenolics and flavonoids content results are presented in table
1. Tincture showed a concentration of total polyphenols of 263.66 + 3.47 mg/g gallic
acid equivalent (GAE). Regarding the flavonoid content, the tincture showed a
concentration of 22.04 + 0.50 mg/g rutin equivalent (RE). Antioxidant activity
determined by DPPH method showed ICso of 0.0458 + 0.18 mg/mL (ICso =
Concentration required to inhibit 50% of DPPH radical).
3.2 Acute toxicity

Oral administration of TOL at dose of 2000 mg/kg did not cause any mortality or
sign of toxicity during the treatment period. Body weight of both genders did not shown
significant difference and animals exposed presented no behavioral changes. No
abnormality was found in the liver and kidneys at necropsy. Hematological parameters
RBC, HGB, MCV, PLT and WBC were significantly different when compared with the
control group (table 2). Blood concentration of ALT and GLU significantly increased in
TOL treated females as compared to control group, as well as significant decrease in

CRE. In males, a significant decrease was observed in CHOL (table 3).
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3.3 Sub-acute toxicity

During the 28 days of treatment no sign of toxicity or mortality was observed in
animals treated with different doses of TOL. Body weight of both genders exhibited a
normal trend and no abnormality was found in the liver and kidneys at necropsy. Also,
animals treated with TOL presented no behavioral changes during the experiment
period.
3.3.1 Hematological parameters

Prolonged exposure to TOL at different doses (100, 200 and 400 mg/kg) did not
alter any of the measured hematological parameters (RBC, HGB, HCT, MCV, MCHC,
PLT and WBC) in treated animals when compared to control (table 4 and 5).
3.3.2 Biochemical parameters

Among hepatic enzymes measured (ALT and AST), only AST showed a
significant decrease in its activity in males treated with TOL at dose of 400 mg/kg when
compared to the groups. Levels of blood urea nitrogen (BUN) significantly increased
in males treated with TOL at doses of 100, 200 and 400 mg/kg when compared with
the control, whereas in females there was no significant difference. In females treated
with TOL at dose of 200 mg/kg there was a significant decrease in blood glucose level
when compared with the group treated with TOL 400 mg/kg, while in males glucose
decreased significantly in treated animals (200 and 400 mg/kg) when compared to the
control group. Glucose levels of males treated with TOL at dose of 200 mg/kg also
reduced when compared to the group treated with 100 mg/kg. Blood concentration of
CRE and CHOL had no significant changes in rats treated with TOL when compared

to the control group, both in males and females (table 6 and 7).
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4 Discussion

In this study, we investigated acute and subacute oral toxicities of tincture of
Olea europaea L. leaves through hematological and biochemical parameters.
Medicinal plants have been widely used to prevent and treat diseases, since they can
provide valuable pharmacological properties due to their bioactive compounds
(Bahmani et al., 2015). The olive leaves have been used for treatment of diabetic
hyperglycemia, hypertension and infectious diseases and is widely recognized as a
traditional drug in Europe (Komaki et al., 2003). According to Erbay & Icier, 2010, the
major phenolic compounds found in olive leaves are oleuropein and its derivative,
hydroxytyrosol. At lower concentrations are also found tyrosol, caffeic acid, p-coumaric
acid, vanillic acid, vanillin, luteolin, rutin, luteolin-7-glucoside, apigenin-7-glucoside and
diosmetin-7-glucoside (Tasioula-Margari & Ologeri, 2001). Analysis performed with
extracts from leaves of different species of olive by HPLC-DAD revealed the presence
of phenolic compounds like phenyls alcohols (hydroxytyrosol and tyrosol), secoiridoids
(oleuropein, ligstroside, and nuzheinide) and flavonoids (quercetin and luteolin) (Khlif
et al., 2015).

Many of the compounds from medicinal plants such as polyphenols have
antioxidant activity and are able to neutralize the action of free radicals and other
reactive species, preventing cells and tissues from damage. This activity is related to
the ability to protect a biological system from potentially harmful reactions that cause
excessive oxidation (Mensor et al., 2001). In literature performed by Hashmi et al.
(2015) was demonstrated the presence of large amount of phenolic compounds and
flavonoids, as well as other classes of secondary metabolites in olive. That justifies the
results found in this study, since olive tincture had a significant amount of flavonoids

and polyphenols compared to the respective standards of rutin and gallic acid. The



36

evaluation of the antioxidant capacity by DPPH method, the plant sample showed
satisfactory results when compared (ICso of 45.86 pug/mL) with ascorbic acid standard
(15.98 pg/mL) (figure 1). Khlif and colleagues (2015) evaluated the antioxidant capacity
of extracts from different polarities of O. europaea L. and the ethyl acetate fraction
showed an ICso of 45.00 pg/mL, similar to the tincture tested in this study, however
these results can vary according to the sample, since factors such as temperature,
preparation method and sample source can influence the efficacy of the extraction. In
addition, the structural carbohydrate and nitrogen content in olive leaves depends on
factors such as the variety of olive, climatic conditions, year, wooden ratio, etc (Molina-
Alcaide & Yanez-Ruiz, 2008; Martin-Garcia & Molina-Alcaide, 2008). Study performed
by Papoti & Tsimidou (2009) indicated a large amount of oleuropein, verbascoside and
hydroxytirosol in the leaves of olive. These constituents are responsible for the
biological activity able to attenuate or prevent the symptoms of some diseases (Kaeidi
et al., 2011).

Olive leaves are known to possess beneficial effects on metabolism when used
as a therapeutic agent, however studies on its toxic effects are limited in the literature.
Changes in body weight have been used as parameter of adverse effects of the test
substance (Berenguer-Rivas et al.,, 2013). Animals exposed to TOL showed no
significant changes in body weight during the acute and subacute treatments.
Treatment with TOL in a single dose of 2000 mg/kg caused no signs of toxicity and no
mortality was recorded. Changes in hematological and biochemical parameters were
not the same in both sexes. Some hematological parameters (RBC, HGB, MCV, PLT
and WBC) and some biochemical (CRE, CHOL, GLU and ALT) showed significant
differences compared to the control group. These differences may be due to

experimental variations and were not related to the treatment. Therefore, the oral



37

toxicity of this tincture can be classified in category 5, wherein the acute lethal toxicity
is greater than 2000 mg/kg, according to the Harmonised Overall System OECD.
Prolonged treatment is important to determine the safety of any substance
(OECD, 2008). In this study, after 28 days of treatment with TOL, the animals showed
no signs of toxicity or behavioral changes. Also, no mortality was reported in any of the
tested doses. Hematological parameters are important to determine the physiological
and pathological state in human and animals, since they are susceptible targets of
toxic substances (Li et al., 2010). The results showed no significant difference in any
of the parameters investigated when compared between groups. Biochemical
measurements are important to investigate major toxic effects in tissues. The liver is a
major organ in which the activities of AST and ALT are being associated with liver
damage, so they are used as biomarkers to predict possible toxicity of a substance
(Huang et al., 2006; Ojiako & Nwanyo, 2006). Results show that AST activity at a dose
of 400 mg/kg decreased significantly in males when compared with the control group.
The antioxidant effect of flavonoids combined with the action of saponin might have
lessened the metabolic burden on the liver, culminating in the hepatoprotection (Gao
et al.,, 2006; Roy et al., 2006). This reduction may be associated with a possible
hepatoprotective effect of tincture of olive leaves. TOL treatment at a dose of 400
mg/kg significantly increased the level of urea, an important marker of renal damage,
in males compared with the control group. Despite this difference, the value remained
within the normal level for Wistar rats according to Lima et al., 2014. The observed
decrease in glucose level in males and females treated with TOL in different doses
may be associated with hypoglycemic action of oleuperein found in the leaves of olive.

This action, reported in diabetic mice, can be explained by two mechanisms:
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potentiation of glucose induced insulin release and the effect of increasing peripheral
glucose uptake (Al-Azzawie & Alhamdani, 2006).

In conclusion, data show that tincture of Olea europaea L. leaves did not cause
any sign of toxicity on the experimental model used and no mortality was recorded in
the administered doses (single or repeated). Measured hematological and biochemical
parameters corroborated the results, since they did not show any abnormalities,
irrespective of the gender and age of the studied animals. However, more experimental
analyses regarding the safety of the use of O. europaea L. leaves are needed.
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Figure legends

Figure 1. Percentage inhibition of DPPH by different concentrations of olive tincture
compared with standard ascorbic acid.

Table legends

Table 1. Total polyphenols content and total flavonoids in the tincture of Olea europaea
L. leaves expressed on mg gallic acid equivalent (GAE)/g dry fraction and mg rutin
equivalent (RE)/g dry fraction, respectively. 50% Inhibitory Concentration (ICso)
determined by DPPH method. Data are expressed as mean * standard deviation (S.D).

Table 2. Hematological parameters in rats treated with Olea europaea L. at single dose
of 2000 mg/kg. The results are expressed as mean * standard deviation (S.D), n=3
(per gender). * Significantly different from control group: p < 0.05.

Table 3. Biochemical parameters in rats treated with Olea europaea L. at single dose
of 2000 mg/kg. The results are expressed as mean * standard deviation (S.D), n=3
(per gender). * Significantly different from control group: p < 0.05.

Table 4. Hematological parameters of males rats after 28 days treatment with Olea
europaea L. at doses of 100, 200 and 400 mg/kg. The results are expressed as mean
+ standard deviation (S.D), n=5. No significant differences were observed.

Table 5. Hematological parameters of females rats after 28 days treatment with Olea
europaea L. at doses of 100, 200 and 400 mg/kg. The results are expressed as mean
+ standard deviation (S.D), n=5. No significant differences were observed.

Table 6. Biochemical parameters of males rats after 28 days treatment with Olea
europaea L. at doses of 100, 200 and 400 mg/kg. The results are expressed as mean
+ standard deviation (S.D), n=5. * Significantly different from control: p < 0.05. #
Significantly different from 100 mg/kg: p < 0.05. ™ Significantly different from groups: p
< 0.05.

Table 7. Biochemical parameters of females rats after 28 days treatment with Olea
europaea L. at doses of 100, 200 and 400 mg/kg. The results are expressed as mean
+ standard deviation (S.D), n=5. # Significantly different from 400 mg/kg group: p <
0.05.
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Figure 1
Table 1
Tincture of Olea europaea L.
PT (mg EAG/Qg) 263.66 * 3.47
FT (mg ER/g) 22.04 £ 0.50
ICs0 (Mg/mL) 0.0458 + 0.18
Ascorbic acid (ug/mL) 0.0159 + 0.36




Table 2

Group
Gender Parameters Control 2000 mg/kg
RBC (108/uL) 7.36 £0.34 7.20+£0.24
HGB (g/dL) 15.60 + 0.54 14.60 + 0.54"
HCT (%) 50.80 £ 1.30 49.0 +1.58
Males MCV (fL(um3) 64.80 £ 0.83 62.20 £ 1.78"
CHCM (g/dL) 32.40 £ 0.89 32.80 £ 0.83
RDW (%) 15.94 + 0.25 16.0 £ 0.26
PLT (103/uL) 1501.2 +216.71  1259.2 + 70.38"
WBC (103/uL) 12.82 +1.04 10.63 +1.12"
RBC (108/uL) 7.75%+0.32 7.11+£0.43"
HGB (g/dL) 15.88 + 0.46 14.35+0.75
HCT (%) 50.40£1.81 47.0+2.82
Females MCV (fL(um3) 63.20 +1.30 62.0+1.15
CHCM (g/dL) 32.20£0.83 32.50 £ 0.57
RDW (%) 14.40 + 0.89 14.50 £ 0.57
PLT (103/uL) 1317.4 +247.38  1293.0 + 106.69
WBC (103/uL) 9.76 £ 1.59 10.08 £ 1.28
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Table 3

Group
Gender Parameters Control 2000 mg/kg
ALT (U/L) 52.25+9.94 67.0 £ 13.29
AST (U/L) 100.50 + 3.31 115.50 + 16.66
CRE (mg/dL) 0.70 £ 0.07 0.66 +0.11
Males BUN (mg/dL) 56.50 + 4.12 50.50 + 2.88
CHOL (mg/dL) 118.75+4.34 97.50 £ 9.67"
GLU (mg/dL) 173.50 + 24.67 217.50 + 35.59
ALT (U/L) 3250+1.0 40.25 +5.67"
AST (U/L) 99.60 £5.81 96.60 + 13.46
CRE (mg/dL) 0.78 £ 0.04 0.68 + 0.04
Females BUN (mg/dL) 61.40 £ 9.26 61.60 + 8.84
CHOL (mg/dL) 117.0 £ 24.46 108.80 + 21.84
GLU (mg/dL) 183.75 + 29.53 246.75 + 16.66"
Table 4
Parameters Control 100 mg/kg 200 mg/kg 400 mg/kg
RBC (108/pL) 8.44 £ 0.25 8.17+£0.28 8.54 + 0.55 8.18 £ 0.45
HGB (g/dL) 16.44 + 0.53 15.70 + 0.46 16.46 + 0.69 16.04 + 0.63
HCT (%) 49.60 £ 1.51 47.40 £ 1.51 49.40 £ 1.81 47.80 £ 1.30
MCV (fL(um?3) 58.70 £ 1.35 58.12 + 1.84 57.92 £1.92 58.58 + 2.37
CHCM (g/dL) 33.14+0.24 33.04 £0.19 33.24 £0.29 33.46 £ 0.75
PLT (103/uL) 11284 +111.73 990.2+64.36 1021.0 £59.03 1006.0 £ 78.27
WBC (103/uL) 11.85+0.38 11.85+0.51 9.36 + 0.87 11.4+1.27




Table 5
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Parameters
RBC (108/uL)
HGB (g/dL)
HCT (%)
MCV (fL(um3)
CHCM (g/dL)

PLT (10%/uL)

WBC (10%/uL)

Control 100 mg/kg 200 mg/kg 400 mg/kg
7.40+0.54 7.50 + 0.57 7.80+0.44 7.20+0.54
14.78 + 0.56 14.80 £ 0.85 15.22 + 0.59 14.28 +0.72
4420 £1.92 44.50 = 2.64 45.80 £ 1.64 42.80 + 2.68
57.36 £1.60 57.50 £ 1.54 58.50 + 1.83 57.66 + 3.11
33.40 £0.29 33.15+0.20 33.14 £ 0.26 33.34 £ 0.59

8.32+0.94

9.72+ 257

8.97+1.20

1240.6 £ 271.02 1029.0 +108.24 1174.4 +132.30 1151.0 + 114.85

8.36 £1.80
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Parameters Group
Control 100 mg/kg 200 mg/kg 400 mg/kg
ALT (U/L) 39.40 + 4.50 43.80 £5.01 38.80 £ 6.61 38.75+4.99
AST (U/L) 88.40 £ 6.58 89.0+5.70 88.50 = 6.85 72.0+£10.86"
CRE (mg/dL) 0.74 £ 0.05 0.78 £ 0.04 0.72 £ 0.08 0.68 + 0.08
BUN (mg/dL) 36.0 +£ 4.08 54.50 + 5.06" 47.75 = 4.64" 55.66 + 2.51"
CHOL (mg/dL) 62.40 £ 4.66 60.50 £ 7.04 60.0 £ 9.56 50.0 £ 9.09

GLU (mg/dL)

243.75 +18.75

235.25+19.18

191.25+11.44%

203.25 £ 17.95°

Table 7
Parameters Group
Control 100 mg/kg 200 mg/kg 400 mg/kg

ALT (U/L) 34.40 £5.41 43.20£9.41 32.0+8.18 34.20 £ 6.64

AST (U/L) 90.25+12.09 112.75+25.11 93.0+8.28 88.75 + 3.50
CRE (mg/dL) 0.72 £ 0.04 0.68 £ 0.08 0.68 +£0.16 0.70+£0.14
BUN (mg/dL) 49.0 £ 6.44 50.20 + 7.04 57.80+4.14 48.75 £ 8.05
CHOL (mg/dL) 69.25 + 13.96 60.40 + 10.28 77.20 £11.75 65.80 + 5.89

GLU (mg/dL)

208.75 £ 23.12

210.50 + 33.07

166.50 + 16.34%

222.25 +22.60
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2.2 MANUSCRITO 2

ANTIDIABETIC EFFECTS OF Olea europaea L. IN DIABETIC RATS INDUCED BY
HIGH-FAT DIET AND LOW-DOSE STREPTOZOTOCIN
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Abstract: Diabetes mellitus (DM) is a metabolic disorder characterized by
hyperglycemia, insulin resistance and dyslipidemia. It is widely distributed worldwide
and affects millions of people and can cause serious complications. Olive (Olea
europaea L.) has important pharmacological roles, including anti-inflamattory,
antioxidant and hypoglycemic activities. Therefore, the aim of this study was to
evaluate the effect of the tincture of olive leaves (TOL) in metabolism of diabetic rats
induced by high fat diet and low dose of streptozotocin (STZ). Animals treated with
TOL showed an improvement in glucose levels, as well as improved levels of
inflammatory and metabolic markers when compared to diabetic animals. These
results indicate a potential anti-diabetic activity of olive leaves, but more studies are

needed to validate its clinical effects.

Keywords: Diabetes mellitus. Olive. High fat diet. Streptozotocin.

Highlights:

Diabetes mellitus is a widespread disease worldwide;

It is associated with high rates of mortality and morbidity due to its complications;
Medicinal plants possess bioactive constituents that are important in diseases
prevention and treatment;

Olive has important biological activities that may be useful in the treatment of diabetes

mellitus.
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1 Introduction

Diabetes Mellitus (DM) is a metabolic disorder characterized by hyperglycemia,
resulting in defects in insulin secretion and/or action, and dyslipidemia. DM can be
classified into two main classes: type 1 diabetes mellitus (T1DM) and type 2 diabetes
mellitus (T2DM), with T2DM affecting about 5% of the population (Wang et al., 2009).
Being associate with long-term damage, dysfunction and failure of organs, T2DM is
currently one of the most costly chronic diseases in the world (American Diabetes
Association, 2011; Constantino et al, 2013) and is associated with obesity and insulin
resistance, as well as defects in pancreatic 3-cell function and mass (Skovsg, 2014).
The increase of diabetic patients has been partly associated with the consumption of
a high calorie diet, sedentary lifestyle and obesity (Klein et al., 2007).

Many drugs have been used for treatment of diabetes, however their high cost
associated with adverse effects has increased the search for alternative therapies.
Recently, evidence about complementary treatments for T2DM through plants and
their bioactive compounds have increased (Mirmiran et al., 2014). About 80% of people
with diabetes in the world depend on medicinal plants for a successful treatment
(Oloyede et al., 2015). Among them, Olea europaea L., popularly known as olive tree,
has fruit, leaves and oil with a history of commercial, medicinal and nutritional purposes
(Soni et al., 2006). Its leaves are considered low raw materials, which provide
constituents with extensive pharmacological properties as antiarrhythmic, spasmolytic,
immune-stimulant, and liver, kidney and heart protective effects. Moreover, anti-
atherosclerotic, hypotensive, anti-inflammatory, antioxidant, anti-thrombotic and
hypoglycemic effects were reported (Visioli et al., 1998; Andrikopoulos et al., 2002;
Wang et al., 2008; Wainstein et al., 2012; Kumral et al., 2015). Its bioactive compounds

such as oleuropein, verbascoside, rutin, tyrosol and hydroxytyrosol may also be
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responsible for the biologic activities of this plant, such as antioxidant, antimicrobial
and antiproliferative effects (Rahmanian et al., 2015). Due to its hypoglycemic activity,
new studies regarding the olive and its potential treatment for T2DM play an important
role in the health science field. Therefore, the aim of this study was to investigate the
effect of tincture of olive leaves on metabolism of rats with high-fat-diet- and

streptozotocin induced diabetes.

2 Material and methods

2.1 Chemical and reagents

Streptozotocin (STZ) was purchased from Sigma—Aldrich (St Louis, MO, USA).
Tincture of Olea europaea L. leaves (TOL - v/v 51%) was purchased from Flores e

Ervas Com. Farm. Ldta. (Piracicaba, Sao Paulo, Brazil).

2.2 Animals

Male Wistar rats (weighing 100-150 g) were obtained from the animal house of
Universidade Federal de Santa Maria (UFSM) and randomly housed in polypropylene
cages at different experimental groups. Animals were acclimatized for a week before
the commencement of the experiment and mantained under controlled temperature
(22 £ 2 °C) with a constant 12 h light/dark cycle. All animals were allowed free access
to food (regular or special diet) and water. Also, they were handled in accordance with
the ethical principles for animal experimentation developed by the Colégio Brasileiro
de Experimentac&o Animal (COBEA). This study was approved by the Comité de Etica

no Uso de Animais from UFSM under the number 121/2014.
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2.3 Induction of diabetes mellitus type 2

Animals were fed with high-fat diet consisted of 70% standard laboratory chow,
15% sucrose, 10% lard and 5% yolk powder (Wu et al., 2012) for an initial period of
four weeks. Normal control group animals received standard laboratory chow.
Streptozotocin was administered intraperitoneally at low dose (35 mg/kg) dissolved in
vehicle (0.01 M sodium citrate buffer, pH 4.5) according to Srinivasan et al. (2005),
while only the vehicle was administered to the control normal group. Fasting blood
glucose was measured one day before and seven days after administration of STZ by
manual glucometer (CONTOUR™TS, Bayer HealthCare LLC, Mishawaka, EUA).
Animals with fasting glucose levels above 200 mg/dL were considered diabetic. Both
groups continued to receive their respective diets for another 4 weeks before the

initiation of treatment with TOL and body weight was measured weekly.

2.4 Experimental design

Animals were divided into 5 groups with 5 animals each (n = 25) and all
treatments were by oral gavage, daily for 10 weeks. Groups were divided as follows:
Group I. normal control: animals received regular diet and treated with ethanol
(tincture’s vehicle - 10 mL/kg); Group Il diabetic control: diabetic animals treated with
ethanol (10 mL/kg); Group llI: positive control: diabetic animals treated with metformin
(250 mg/kg); Groups IV and V: diabetic animals treated with TOL (200 mg/kg and 400
mg/kg, respectively). Animals continued to receive their respective diets during the
treatment. At the end of the treatment, animals were fasted overnight, but allowed free
access to water. They were then anesthetized with pentobarbital sodium (50 mg/kg,

intraperitoneally - i.p.) associated with lidocaine hydrochloride (10 mg/mL) and blood
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collected with and without anticoagulant (ethylene diamine tetra acetate) by cardiac
puncture for hematologic and biochemical analyses and kidney was removed for

posterior analyses.

2.5 Biochemical and hematological parameters

Blood without anticoagulant was allowed to clot before centrifugation (4000 rpm
for 10 min) to obtain serum, which was utilized for the assessment of total cholesterol
(CHOL), blood urea nitrogen (BUN) and creatinine (CRE) levels, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activities, using a
commercial kit (Diagnostic Kits Laboratory Bioclin/Quibasa, Minas Gerais, Brazil) and
semi-automatic biochemical analyzer (Genz, Bioplus: Bio-2000). Blood glycated
hemoglobin (HbA1c) was estimated by a commercial Kit (BioSystem SA, Barcelona,
Spain) according to manufacturer method. A rat-specific insulin ELISA kit (Spi-Bio,
Bertin Pharma, France) was used to measure serum insulin levels, spectrophotometric
reading was performed between 405 and 414 nm. Glucose concentrations were
measured by using ACCU-Chek Active (Roche Diagnostics, Basel, Switzerland).
Cytokines (interleukins 6 and 10, tumor necrosis factor and interferon-y) and
adipokines (leptin, ghrelin, adiponectin and resistin) were also measured by routine kit
(R & D Systems kit, USA).

Total blood was analyzed immediately for hematological parameters: red blood
cells (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volum (MCV),
mean corpuscular hemoglobin concentration (CHCM), platelets (PLT) and leukocyte
total count were determined by using an automatic counter veterinary Mindray BC

2800.
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2.6 Lipid peroxidation/In vivo antioxidant activity

Kidney (KD) lipoperoxidation (LPO) estimation was performed using TBARS
method, where the colorimetric reaction of the LPO product malondialdehyde (MDA)
with thiobarbituric acid (TBA) is quantified. This reaction produces a colored compound
that absorbs maximally at 532 nm as described by Buege and Aust (1987). Catalase
(CAT) activity was determined in KD by measuring the decrease in hydrogen peroxide
(H202) absorption. It is based on the consumption of H202 by CAT and loss of
absorbance at 240 nm according to Aebi (1984). Superoxide dismutase activity was
determined by its ability to inhibit the auto-oxidation of epinephrine determined in
absorbance at 480 nm as described by Sun & Zigman (1978). The reaction mixture (3
ml) contained 2.95 ml 0.05 M sodium carbonate buffer pH 10.2, 0.02 ml of the KD and

0.03 ml of epinephrine in 0.005 N HCI, was used to initiate the reaction.

2.7 6-aminolevulinate dehydratase (6-ALA-D) activity

Renal 8-ALA-D activity was assayed by the modified method of Sassa (1982)
by measuring the rate of formation of porphobilinogen (PBG), in 100 mM potassium
phosphate buffer, pH 6.8 and 2.4 mM of aminolevulinic acid (ALA) were used (Barbosa
et al., 1998). Incubations of KD were carried out for 60 min at 37 °C. The reaction
product was determined by using modified Ehrlich’s reagent at 555 nm, with a molar

absorption coefficient of 6.1 x 10%/M for the Ehrlich-porphobilinogen salt.
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2.8 Statistical analysis

All the results were assessed by two-way analysis of variance (ANOVA)
followed by Tukey post-hoc test. The differences between groups were considered to

be significant when p < 0.05.

3 Results

3.1 Body weight

Body weight of animals during the treatment showed a normal trend during 15
weeks of treatment, however from the 16" there was a significant decrease in diabetic

animals treated with ethanol and TOL compared to the control group (figure 1).

3.2 Biochemical and hematological parameters

AST activity was significantly reduced in groups treated with metformin and TOL
at dose of 200 mg/kg (p < 0.05) compared to the control group. There was no significant
change in ALT activity between different groups. BUN levels significantly increased in
animals treated with TOL at dose of 200 mg/kg (p < 0.05) compared to the control
group, while CRE levels did not show changes. There were no significant changes in
CHOL levels between groups. Figure 2 shows the insulin levels, which had reduced in
diabetic animals in their different groups compared to the control group (p < 0.0001).
Level of glucose was significantly elevated in diabetic group (p < 0.0001) compared to

control group and a significant reduction was observed in animals treated with



55

metformin and TOL at dose of 200 and 400 mg/kg (p < 0.0001). Hb1Ac levels were not
significantly different between groups (figure 3).

As shown in figure 4, interleukin-6 (IL-6) significantly increased in diabetic
animals (p < 0.0001) compared to the control group. The treatment with metformin and
TOL at dose of 400 mg/kg was able to significantly decrease their levels (p < 0.0001)
compared to the diabetic group. In the control group, IL-10 was significantly higher (p
< 0.0001) compared to diabetic group, while the animals treated with TOL at dose of
400 mg/kg had their levels increased significantly (p < 0.0001). Figure 4 also shows
tumor necrosis factor concentrations (TNF-a) and interferon-y (IFN-y). Both
inflammatory markers showed significant increase in diabetic animals compared to the
control group (p < 0.0001) and treatment with metformin and TOL at both doses
reduced TNF-a levels (p < 0.0001). Animals treated with metformin and TOL at dose
of 400 mg/kg showed significantly reduced concentrations of IFN-y (p < 0.0001).

Leptin levels increased significantly in diabetic animals (p < 0.0001) compared
to the control group, while the animals treated with metformin and TOL at both doses
had their levels reduced (p < 0.0001). There were no significant changes in ghrelin
levels. A significant reduction in adiponectin levels (p < 0.0001) was observed in
diabetic group compared to the control group. The treatments with metformin and TOL
at 400 mg/kg were able to raise the levels of adiponectin (p < 0.0001). Diabetic animals
showed increased levels of resistin (p < 0.0001) when compared to control group. The
treatments with metformin and TOL (200 mg/kg and 400 mg/kg) were able to reduce
the levels of resistin (p < 0.0001) (Figure 5).

The hematological analyses of diabetic animals treated with TOL, at both doses,

presented a significant increase in platelets when compared to the control and diabetic
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groups. The other parameters analyzed showed no significant changes (data not

shown).

3.3 Lipid peroxidation/in vivo antioxidant activity

Animal's kidneys malondialdehyde levels showed no significant difference

between the groups, as well as CAT and SOD activities (data not shown).

3.4 6-aminolevulinate dehydratase (6-ALA-D) activity

0-ALA-D enzyme activity was not significantly different between groups (data

not shown).

4 Discussion

Diabetes mellitus is a disease that is highly prevalent worldwide and is
associated with high indices of mortality and morbidity. When not treated properly, it
can trigger serious complications such as neuropathy, nephropathy, cardiovascular
diseases, etc (American Diabetes Association, 2011). In this study, we induced T2DM
through high fat diet associated with a low dose of streptozotocin in rats because this
model is able to reflect the clinical symptoms observed in human diagnosed with the
disease (Skovsg, 2014). The study of plants in the treatment of diabetes has become
important due to its bioactive constituents with therapeutic potential. Olive is known to
improve metabolic disorders and have antidiabetic properties (Bennabi-Kabchi et al.,
2000; Keys, 1995). In study performed by Khlif et al. (2015) with extracts from leaves

of different species of olive, the HPLC-DAD analysis revealed the presence of phenolic
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compounds (hydroxytyrosol and tyrosol), secoiridoids (oleuropein) and flavonoids
(quercetin and luteolin). The biological activities of olive’s species are attributed mainly
to the oleuropein and phenolic constituents of its leaves (Kaeidi et al., 2011).
Flavonoids are widely known for their ability to improve diabetic conditions by reducing
blood glucose levels (Rauter et al., 2010). Body weight of individuals with DM also
affecte present modifications. While TLDM can cause a sudden loss of weight, this
cenario is rarely observed on T2DM diagnosis, except when there are no diagnosis
and no proper treatment, when a significant loss weight over time is observed (Skovsg,
2014). Our results show a significant weight reduction from 16™ week of diabetic rats
treated with ethanol and TOL at both doses when compared to the control group
animals. Insulin deficiency can lead to a catabolism of proteins in muscular tissue,
which can explain the reduction on body weight (Sundaram et al., 2013). Raising the
dose and duration of treatment with TOL may be important factors to maintain the body
weight of animals.

Increase in glucose, the first characteristic presented by patients, and circulating
insulin levels may indicate a higher degree of insulin resistance (Wu et al., 2002).
HbAlc reflects the average blood glucose values during the last 2-3 months and it has
been used to determine the metabolic control in DM and also the risk of complications
(Escribano Serrano et al.,, 2010; Lopez-Tinoco et al., 2006). The transition from a
healthy state to a pre-diabetes is usually characterized by obesity, hyperinsulinemia,
insulin resistance, dyslipidemia, inflamed and dysfunctional adipose tissue and failure
of B-cells (Tabak et al., 2009; Nolan et al., 2011; Sattar et al., 2007). After treatment
with STZ and high fat diet, rats presented hyperglycemia, elevated HbAlc and reduced
insulin levels. Diabetic animals showed significant increase in blood glucose compared

to the control group. Treatment for 10 weeks with metformin and TOL significantly
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reduced glucose levels compared to the diabetic group treated only with ethanol.
Although rats treated with TOL have presented a smaller decrease compared to
metformin group, it is important to analyze time and dose chosen in this work, and a
better result may be increase-dependent of these factors. The animals treated with
high fat diet and low dose of STZ exhibited hyperglycemia, insulin resistant, moderate
impairment of insulin secretion and abnormalities in lipid metabolism, characteristics
of later-stage T2DM (Srinivasan et al., 2005). In our study, diabetic animals showed a
significant reduction in insulin levels when compared with the control group. The
treatment with TOL showed improvement when compared whit animals treated with
metformin, although it was not significant. According to (Sato et al., 2007) the
mechanism for the olive leaves and oleuropein act in DM can be explained by
increased peripheral glucose utilization and improved glucose stimulated insulin
release.

For most diabetics, values of HbAlc lower than 7% are considered as indicative
of good glycemic control (ADA, 2014). Although HbA1c levels were not significantly
different between groups, we observed an increase in diabetic groups compared to the
control, exceeding the desirable value of 7%. Rats treated with metformin had a
reduction in their levels when compared to the diabetic group, although it was not able
to reverse their levels to less than 7%. Treatment with TOL did not attenuate HbAlc
levels, but since this is a test that evaluates a long-term blood glucose, it is important
to be dosed at least twice a year (Alonso-Fernandez et al., 2015) to obtain insurance
results.

Olive antioxidant activity is also associated with its antidiabetic properties (Al-
Azzawie & Alhamdani, 2006). Oxidative stress can be resulted from an inadequate

glycemic control with glucose levels above normality. Clinical evidence has shown that
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the DM is closely related to oxidative stress, resulting in an increased production of
free radicals or a reduction in antioxidant defense system (Susztak et al., 2006).
Reactive oxygen species react with the lipids, resulting in increased lipid peroxidation,
such as MDA (Rishi et al., 2009), which is responsible for causing damage to cells and
tissues. STZ administration in experimental animals showed increased levels of MDA
and reduced antioxidant enzymes activity catalase and superoxide dismutase
(Laaksonen et al., 2002; Vergani et al., 2004; Eleazu et al., 2013). The antioxidant
intake through natural products has become an important ally in the treatment of
certain diseases to alleviate the damage caused by oxidative stress. In a study
developed by Al-Azzawie & Al Hamdani (2006) using diabetic rabbits induced by
alloxan, oleuropein shown to increase the activities of antioxidant enzymes such as
SOD and CAT. In this work, we evaluated the activities of CAT and SOD, but it was
not possible to observe significant changes between the groups. As well we found no
differences between groups when analyzing the MDA level through the TBARS
method. d-Aminolevulinate dehydratase (8-ALA-D) is a sulfhydryl-containing enzyme
that is sensitive to oxidizing agents (Farina et al., 2003) and plays a fundamental role
in heme biosynthesis. Thus, it is also a good parameter for assessing the toxicity of
xenobiotics. Besides, the decreased activity of 5-ALA-D is related to in experimental
and human diabetes (Fernandez-Cuartero et al., 1999). However in our work no
change was observed in the 8-ALA-D enzyme activity.

Renal markers BUN and CRE were analyzed, showing significant increase in
urea levels in the group treated with TOL at dose of 200 mg/kg when compared to the
control group. This result can demonstrate kidney injury, but more tests are needed to
validate this result. AST enzyme is found in a variety of tissues such as liver, heart and

brain, whereas the ALT is normally found in the liver in higher proportions. When found
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in the blood, it is usually the result of liver damage, being an important marker of liver
health. The liver has an important role in the balance of blood glucose levels through
glucose uptake and storage via glycogenesis and glucose release via glycogenolysis
and gluconeogenesis (Nordlie et al., 1999). Our results showed no significant
differences in ALT activity between groups, while AST significantly reduced in the
groups treated with metformin and TOL at dose of 200 mg/kg, when compared to the
control group, implying that there was no liver damage in animals. Regarding to
hematological parameters, the significant increased values of platelets observed in
groups of animals treated with TOL in relation to other groups is within the normal
levels for the species (Lima et al., 2014).

Adipocytes have a regulatory role in development of insulin resistance, which
can produce adipokines (Muoio & Newgard, 2008), having an important role in
development of diabetes. Adiponectin contributes to the regulation of glucose and lipid
metabolism (Tsao et al., 2002) and their concentration is decreased in serum of
individuals and obese or insulin resistant rodents (Guimaraes et al., 2007). Adiponectin
levels of diabetic animals were reduced compared to the other groups and the
treatment with TOL at dose of 400 mg/kg increased their levels compared to the
diabetic group. According to Guimaraes et al., (2007), the increase in adiponectin is
capable of reducing the blood glucose and improving insulin resistance in diabetic rats.
Its activity in the improvement of DM can be explained by the fact that it activate the
kinase monophosphate adenine enzyme in the liver, resulting in a reduction in hepatic
glucose production (Yamauchi et al., 2002). Resistin is expressed in white adipose
tissue and its secretion is related to insulin resistance (Steppan et al., 2002). In obese
and diabetic animals the concentrations of resistin are increased, similarly to the

results found in this work. A significant reduction of resistin was observed in animals
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treated with metformin and TOL when compared to diabetic animals. Leptin is
associated with food intake, exercising beneficial effect on the energy balance, insulin
action and vascular protection. The diabetic animals have high levels of leptin
corroborating with Romero & Zanesco (2006) where hyperleptinemia, found in
diabetes mellitus, is attributed to alterations in the leptin receptor or to a deficiency in
their transport system in the blood-brain barrier. Ghrelin influences the pancreatic
endocrine function and glucose metabolism and our results showed no significant
differences between groups. These results corroborate with study performed by Han
& Levings (2013) where severe expansion of adipose tissue is associated with adipose
inflammation and an altered profile of adipokines, marked by high levels of leptin and
low adiponectin mainly. Improved profile of adipokines is an important factor in the
treatment of diabetes, and the results obtained with treatment with TOL is a potential
therapeutic target, since it was able to improve the changes in adipokines caused by
diabetes.

DM has been demonstrated to be an inflammatory disease (Donath & Shoelson,
2011). IL-6, IL-10, TNF-a and IFN-y were the analyzed inflammatory markers. The
cytokines IL-1 and IL-6 have pro-inflammatory nature, whereas IL-10 is an anti-
inflammatory cytokine. Therefore, in the control group, the concentration of IL-10
increased compared to different groups. The IL-6 levels in diabetic animals was
significantly increased compared to the control group, showing an inflammatory
process. According to Guimaraes et al. (2007), IL-6 exerts a direct action on insulin
sensitivity by altering insulin signaling in hepatocytes by inhibiting the insulin receptor
autophosphorylation-dependent, developing resistance to the action of the hormone in
the tissue. TNF-a is associated with improvement in insulin resistance, present in high

levels in obesity and reduced with weight loss (Fruhbeck et al., 2001). Studies show
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that the increased TNF-a gene expression in adipose tissue, as well as its high plasma
concentration could lead to obesity by altering the release in blood circulation of other
adipocytokines. Reduced adiponectin levels found in diabetic animals can be
explained by the fact that TNF-a and IL-6 are potent inhibitors of its expression and
secretion. Our results showed decrease in IL-6, IFN-y and TNF-a levels and increase
in IL-10 levels in animals treated with TOL. Simalarly, Liu et al. (2014) and Park et al.
(2013) demonstrated that oleuropein-rich extract reduced the secretion of the
proinflammatory cytokine such as TNF, IFN-y, IL-6, IL-1 and IL-17A, whereas it
increased the levels of the antiinflammatory cytokine IL-10 in streptozotocin-induced

diabetic mice.

5 Conclusion

This study demonstrated that tincture of olive leaves have an important
influence on diabetes mellitus, by having benefits on blood glucose and adipokine
concentrations in diabetic animals. Its has also been able to attenuate the inflammatory
markers, important in pathogenesis of DM. However, more studies are needed to

validate the clinical improvement of olive in experimental model of T2DM.
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Figure 1. Effect of TOL on body weight of animals (n=5).
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Figure 2. Effect of TOL on insulin level in rats. Columns represent the mean +* standard
deviation (SD), (n=5). "Significantly different from diabetic group: p < 0.0001.
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Figure 3. Effect of TOL on glucose (A) and HbAlc (B) levels in rats. Columns
represent the mean + SD (n=5). #Significantly different from control group: p <
0.0001. "Significantly different from diabetic group: p < 0.0001.
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Figure 4. Effect of TOL on inflammatory biomarkers levels in rats. (A) IL-6 and IL-
10, (B) TNF-a (expressed in pg/mL) and IFN-y (expressed in pg/mL). Columns
represent the mean + SD (n=5). #Significantly different from control group: p <
0.0001. "Significantly different from diabetic group: p < 0.0001.
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0.0001. "Significantly different from diabetic group: p < 0.0001.
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3 DISCUSSAO

As plantas medicinais sdo importantes no tratamento e prevencao de
doencas, porém muitas vezes o0 uso pela populagéo é feito sem conhecimento
farmacoldgico com a crenca de que, por ser um produto natural, ndo ird trazer
maleficios a saude. Estudos toxicolégicos s&do importantes para validar a
seguranca e eficacia de determinada substancia. Neste trabalho, avaliamos as
toxicidades aguda e subaguda da tintura das folhas de oliva em ratos Wistar,
através dos protocolos da OECD 407 e 423, respectivamente. Como citado
anteriormente, o estudo agudo avalia a toxicidade de uma substancia em uma
Unica dose administrada no periodo de 24 horas, enquanto que no subagudo sao
utilizadas pelos menos trés doses por um periodo prolongado. A dose de TOL
escolhida para o tratamento agudo foi de 2000 mg/kg e a observacdo dos
animais durou 14 dias e incluiu mortalidade, mudancas comportamentais e
fisiolégicas. As analises bioguimicas e hematologicas realizadas né&o
apresentaram relevancia clinica e nenhuma mortalidade ou anormalidades foram
registradas. Assim, a toxicidade oral da TOL pode ser classificada na categoria
5, onde a toxicidade aguda letal é maior que 2000 mg/kg (OECD, 2008). O
tratamento subagudo teve uma duracéo de 28 dias, onde a TOL foi administrada
diariamente em trés diferentes doses (100, 200 e 400 mg/kg) em ratos Wistar
machos e fémeas. Nenhuma alteracdo significativa foi encontrada nos
parametros hematologicos avaliados, assim como no peso corporal. Nao foi
observada alteracdo comportamental e nenhuma mortalidade foi registrada.
Reducao nos niveis de glicose foi observada em machos e fémeas tratados com
TOL, e a AST apresentou-se reduzida nos machos tratados em relagéo ao grupo
controle. Os niveis de ureia aumentaram nos machos tratados com TOL na dose
de 400 mg/kg em relacao ao grupo controle, mostrando uma possivel lesao renal.
Esses resultados sugerem que a toxicidade da TOL pode ser considerada baixa,
porém mais estudos sdo necessarios para validar sua seguranca e eficacia.

O uso de plantas para o tratamento de doencas, como no diabetes
mellitus, € muito observado na populacdo. O diabetes mellitus afeta milhdes de
pessoas no mundo todo, representando cerca de 9% de casos de mortalidade
(MINISTERIO DA SAUDE, 2006). A longo-prazo pode trazer sérias

complicacbes aos pacientes como neuropatia, nefropatia e doencas vasculares.
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O estado de pré-diabetes é caracterizado pela presenca de hiperinsulinemia,
resisténcia a insulina, dislipidemia, tecido adiposo inflamado e disfuncional e
faléncia das células-p (SKOVSd, 2014). Além disso, na condigdo de DMT2 pode
ocorrer um desequilibrio entre a producéo excessiva de radicais livres e reducéo
das defesas antioxidantes, ocasionando o estresse oxidativo, que pode causar
danos as células e tecidos (SUSZTAK et al.,2006). O modelo de inducédo de
DMT2 em animais experimentais através de dieta hipercaldrica associada a uma
baixa dose de STZ tem-se tornado importante no estudo da doenca, visto que &
capaz de refletir os sintomas observados em pacientes diagnosticados. Os
animais utilizados neste modelo apresentam hiperglicemia, resisténcia a
insulina, insuficiéncia moderada da secre¢cédo de insulina e anormalidades no
metabolismo de lipidios, que séo as caracteristicas do estado tardio do DMT2
(SRINIVASAN et al., 2005). Através dos resultados obtidos, é importante utilizar
este modelo para avaliar inUmeras substancias, como fitoterapicos e plantas

medicinais.

O estudo sobre plantas medicinais € importante para determinar sua
seguranca e eficacia, visto que possuem constituintes bioativos com potencial
alvo terapéutico. A oliva, botanicamente conhecida como Olea europaea L.,
possui importantes atividades farmacolégicas como antioxidante, anti-
hipertensiva, anti-aterogénica e anti-inflamatéria devido aos constituintes
fenolicos encontrados em seu fruto, 6leo e folhas (EL & KARAKAYA, 2009). Os
compostos bioativos oleuropeina, verbascosideo, rutina, tirosol e hidroxitirosol
estdo associados as atividades antimicrobiana e antiproliferativa da oliva
(RAHMANIAN et al., 2015). A tintura das folhas de oliva foi utilizada no
tratamento dos animais experimentais deste trabalho, em doses de 200 mg/kg e
400mg/kg. A metformina é um agente anti-hiperglicémico que melhora a
tolerancia a glicose em pacientes com DMT2. Tem sido recomendado como
agente de primeira linha, por ser de baixo custo, eficaz e seguro (ADA, 2015).

Nesse estudo, metformina foi usada como controle positivo (250 mg/kg).

Os animais que receberam dieta hipercalérica associada a baixa dose de
STZ apresentaram hiperglicemia, niveis elevados de HblAc e reduzidos de
insulina, além de alteracdes nos niveis dos marcadores inflamatérios (IL-6, IL-

10, TNF-a e IFN-y) e das adipocinas (leptina, adiponectina e resistina). O
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mecanismo para as folhas de oliva e a oleuropeina agirem no DM pode ser
explicado pelo aumento da utilizacdo da glicose periférica e por melhorarem a
secrecdo de insulina estimulada pela glicose (SATO et al., 2007). O tratamento
com a metformina e TOL reduziu significativamente os niveis de glicose nos
animais diabéticos quando comparados ao grupo controle. A HblAc é
importante, pois mede a glicemia dos ultimos 2-3 meses e seu nivel desejavel
para individuos saudaveis é de que nao exceda 7% (ADA, 2014). Embora nossos
resultados ndo tenham sido significativamente diferentes, é possivel observar
gue os animais diabéticos dos diferentes grupos apresentaram niveis acima de
7% em relag&o ao grupo controle. A atividade antioxidante da oliva também pode
ter atividade no tratamento do DM. Em estudos realizados por Al-Azzawie &
Alhamdani (2006) foi observado um decréscimo nos niveis de MDA e aumento
das enzimas antioxidantes CAT e SOD em animais tratados com oleuropeina.
Nossos resultados ndo mostraram alteracdes significativas nesses marcadores.
Por também possuir um carater inflamatério, foram analisados alguns
marcadores que apresentam alteracbes no DM. A IL-6 € uma citocina proé-
inflamatoria e mostrou-se aumentada nos animais diabéticos quando comparada
ao grupo controle, efeito contrario foi observado nos niveis da IL-10, que é uma
citocina anti-inflamatéria. Alteracfes nos niveis de TNF-a e IFN-y também foram
observadas. O tratamento com metformina e TOL sob os marcadores
inflamatérios foi capaz de melhorar seus niveis. Em estudo realizado por (LIU et
al., 2014; PARK et al., 2013) em camundongos diabéticos induzidos por STZ, foi
determinado que o extrato rico em oleuropeina reduziu a secrecao das citocinas
pré-inflamatérias TNF-a, IFN-y, IL-6, enquanto aumentou os niveis da citocina
anti-inflamatéria IL-10. As adipocinas, produzidas pelos adipdcitos, possuem um
papel regulatério no desenvolvimento da resisténcia a insulina (MUOIO &
NEWGARD, 2008). Alterac6es em seus niveis podem ter importante papel do
desenvolvimento do DM (GUIMARAES et al., 2007). A leptina, grelina,
adiponectina e resistina foram as adipocinas de escolha para estudo. Com
excecdo da grelina, os ratos diabéticos apresentaram mudancas significativas
em seus niveis quando comparados ao grupo controle e foi observado um

restabelecimento nos animais tratados com metformina e TOL.
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4 CONCLUSAO

o Os doseamentos de polifenois totais e flavonoides da TOL apresentaram
resultados relevantes quando comparados ao padrdo. Quanto a
capacidade antioxidante, realizada através do método de captura de
radicais livres (DPPH), a TOL apresentou resultado satisfatorio, porém

inferior quando comparado ao padréo acido ascorbico.

o Os animais tratados com a TOL, em dose Unica ou repetidas, ndo
apresentaram anormalidades ou mudangas de comportamento quando
comparados com o0s animais do grupo controle. Os parametros
hematolégicos e bioguimicos, além de nenhuma mudanca significativa no
peso corporal, corroboram com os resultados, evidenciando baixa
toxicidade. Assim, a toxicidade oral da TOL pode ser classificada na
categoria 5, onde a toxicidade aguda letal € maior que 2000 mg/kg, de

acordo com o Sistema Globalmente Harmonizado OECD.

o O modelo de inducdo do DMT2 escolhido foi capaz de refletir os sintomas

apresentados por pacientes diagnosticados;

o Os animais diabéticos tratados apenas com etanol apresentaram
glicemia elevada em relacdo aos outros grupos e o tratamento com TOL
foi capaz de reduzir seus niveis. O peso corporal apresentou mudanca
nas semanas finais do experimento, evidenciando uma perda de peso nos

animais diabéticos em relacao ao controle;

o A peroxidagéo lipidica, bem como a atividade antioxidante da TOL nédo
apresentaram mudancas entre os diferentes grupos. O tratamento com a
TOL foi capaz de melhorar os niveis dos marcadores inflamatorios e

adipocinas alterados pelo DM nos animais;

o As andlises bioguimicas e hematologicas apresentaram alteracbes em

alguns parametros, porém nédo indicam relevancia clinica;
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PERSPECTIVAS FUTURAS

Mais estudos, através de analises histologicas e genotoxicas, por
exemplo, sdo importantes para validar a atividade anti-diabética das folhas de

oliva, bem como sua eficacia e seguranca no uso em humanos.
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ANEXO A - CARTA DE APROVACAO DA COMISSAO DE ETICA NO USO
DE ANIMAIS - UFSM
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UNIVERSIDADE FEDERAL DE SANTA MARIA
PRO-REITORIA DE POS-GRADUAGAO E PESQUISA
COMISSAO DE ETICA NO USO DE ANIMAIS-UFSM

CARTA DE APROVAGAO

A Comisséo de Etica no Uso de Animais-UFSM, analisou o protocolo de pesquisa:

Titulo do Projeto: "Avaliagao da toxidade aguda e Subaguda de Oliva (Olea europaea) e
seu Efeito no Perfil Glicémico em Ratos Diabéticos Induzidos por Dieta Hiperlipidica e
Estreptozotocina."

Numero do Parecer: 121/2014
Pesquisador Responsavel: Prof.2 Dr.2 Liliane de Freitas Bauermann

Este projeto foi APROVADO em seus aspectos éticos e metodoldgicos. Toda e qualquer

alteragéo do Projeto, assim como os eventos adversos graves, deverdo ser comunicados
imediatamente a este Comité.

OBS: Anualmente deve-se enviar a8 CEUA relatério parcial ou final deste projeto.

Os membros da CEUA-UFSM n&o participaram do processo de avaliagcao dos projetos
onde constam como pesquisadores.

DATA DE APROVAGAO: 09/10/2014.

Santa Maria, 13 de outubro de 2014.

@y»\[p az«/\cvg -)AS‘: S
Prof.2 Dr.2 Vania Lucia Loro
Vice-Coordenadora da Comiss&o de Etica no Uso de Animais- UFSM

Comissao de Etica no Uso de Animais - UFSM - Av. Roraima, 1000 — Prédio da Reitoria - 2° andar -
Campus Universitario 97105-900 — Santa Maria — RS - - Tel: 0 xx 55 3220 9362
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ANEXO B - LAUDO DE ANALISE DA TINTURA DAS FOLHAS DE OLIVEIRA

CONTROLE DE QUALIDADE R
3 —_— , Laudo de Analise Farmucoutes Regnsnsavet
Vigilancia Sanitaria
| CEVS 353870901-518-000001-1-6
I M S. 1.05863-7
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EWPRESA SRASLEIRA DE RARADTES T2 )
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:Jf)sso ljc.)tc . 032725 Paf‘te utf!izva.da jFoIhas V«j:lfdadm: forn.ccedorf 1012015
Nomenclatura  Eol HA DE OLIVEIRA TM Esterilizagao Nao houve Validade/ nosso iote : 10/2015
Nome cientifico Qlea euroaea Manufatura 10/2010 Método de secagem : e
Qrigem Nacional Lote de origem fotm001
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\ 5 R /
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Aspecto : Liquido Limpido  pH : 4,92
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Umnidade 3 NA Densidade : _ 0,927g/mL
Cinzas totais : NA Liguido extrator : lugao Hldr°a'°°f"°a
Cinzas insollveis : NA Teor alcodlico H ;519‘3/"
- Metais pesados : Residuo seco : 1534 )
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Contagem de enterobactérias : Max. 100 ufeig ou ml De acordo
Escherichia coli (eoliformes) : Auséncia De acordo
Staphylococcus aureus : Auséncia De acordo
Pseudomanas aeruginosas : Auséncia De acordo
| Salmoneila sp : Auséncia De acordo {
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ANEXO C — COMPROVANTE DO MANUSCRITO SUBMETIDO A REVISTA
FOOD AND CHEMICAL TOXICOLOGY

Elsevier Editorial System(tm) for Food and
Chemical Toxicology
Manuscript Draft

Manuscript Number:

Title: ACUTE AND SUB-ACUTE (28 DAYS) ORAL TOXICITIES OF THE TINCTURE OF
Olea europaea L. LEAVES IN WISTAF. RATS

Article Type: Full Length Article

Keywords: O0live. Toxicity. Lsaves. Acutse. Subacute.

Corresponding Author: Miss. Camille Guex,

Corresponding Author's Institution: Universidade Federal de Santa Maria
First Author: Camille Guex

Order of Authors: Camille Guex; Fernanda Z Reginato; Andreia Regina H da
Silva; EKéssia C Figueredo; Robson B de Freitas; Roberta S Jesus; Cibele L
Lhamas; Gilberti Helena H Lopes; Liliane F Bauermann

Abstract: Olesa suropasa L., popularly known as olive, is a plant widely
used worldwide. Its leaves, fruit and o0il are extensively consumsd and
possess important pharmacological properties. However, studies about its
toxicity are still limited in the literature. Thersfore, the aim of the
study was to investigate the acute and subacute (28 days) oral toxicities
of the tincture of O. eurcpasa L. leaves (TOL) in Wistar rats through
biochemical and hematological parameters. In acute study, a single dose
of 2000 mg/kg of TOL was administered by oral gavage in male and female
rats. In subacute study, TOL was administered during 28 days at different
doses to male and female rats. Body wsight of the animals was recordsd
during treatment period. At the end of the experiments, blood was
collected for hematological and biochemical parameters. Single dose of
2000 mg/kg did not induce mortality or any signs of toxicity in animals
treated. Animals exposed to TOL during 28 days did not present sign of
abnormalities. Results demonstrate that tincture of 0. suropaea L. leaves
did not induce toxicity after exposition to a single or repeated dosss.
However, more studies are needed to have complets information about its
safety for use in humans.



