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Efeito hepatoprotetor do 6leo essencial de alecrim e gengibre com pré-

tratamento em modelo experimental de lesao induzida por paracetamol.
RESUMO

O objetivo deste estudo foi investigar e avaliar o efeitos hepatoprotetor e anti-oxidante
do oleo essencial de gengibre (GEO) e alecrim (REO), contra os danos hepaticos em
camundongos machos da linhagem Balb/c induzidos pelo modelo experimental de lesdo
hepética induzida por paracetamol. Os animais experimentais foram divididos em oito
grupos com n=5. Cada grupo recebeu por gavagem, durante sete dias o seguinte
tratamento: Grupo (1): grupo controle, ndo receberam tratamento. Grupo (2) receberam
somente o veiculo com solu¢do salina que continha 0,1% de Tween 80, GEO ou REO.
Grupos (3, 4 e 5): receberam pré-tratamento com GEO nas doses de 125, 250 ¢ 500
mg/kg. Grupos (6, 7 e 8) receberam pré-tratamento com REO nas doses de 125, 250, e
500 mg/kg. No sétimo dia apds receberem o pré-tratamento com os 6leos, os animais
foram colocados em jejum por um periodo de oito horas. Apds esse periodo os animais
do grupo segundo ao oitavo receberam por gavagem paracetamol na dose de 250 mg/kg.
Depois de 12 h, os camundongos foram anestesiados com halotano, o sangue foi
coletado para determinar os marcadores plasmaticos alanina (ALT) e aspartato
aminotransferase (AST) no soro. Secc¢des de figados foram utilizados por amostras para
determinar a atividade da enzima mieloperoxidase (MPO). Ensaios de peroxidacdo
lipidica foram realizados, utilizou-se homogeneizados de gema de ovo como meio ricos
em lipidios. O 6leo GEO e REO foram avaliados nas concentragdes de 0,5, 5,0, 50,0 e
500x10” mg/ml. O acido ascorbico foi utilizado como controle positivo. Ensaios de
DPPH foram feitos com ambos os 6leos GEO e REO nas concentragdes de 3,21 — 100
mg/ml. O acido ascorbico foi utilizado como controle positivo. Os dados foram
expressos como a média + SEM para cada grupo . Os resultados foram analisados

estatisticamente por andlise de varidncia (ANOVA One-way) seguido pelo teste de
Tukey. As diferencas foram consideradas significativas para p < 0,05. A lesdo hepatica
induzida por paracetamol, elevou os niveis das enzimas AST e ALT no soro quando
comparados com os animais controles normais. O pré-tratamento com doses de (500
mg/kg) de GEO e REO durante 7 dias, reduziram significativamente os niveis séricos de
ALT e AST, quando comparados com os controles normais, mas nao nas doses de (125

e 250 mg/kg) para ambos os 6leos. A atividade da MPO, em camundongos pré-tratados



com GEO nas doses de (250 e 500 mg/kg), foi significativamente diminuida (0,046 +
0,020 e 0,036 + 0,022 UI/L), quando comparado com o grupo de paracetamol (0,2800 +
0,600). Considerando-se o pré-tratamento com REO, as doses de (250 e 500 mg/kg)
foram também eficazes na redugdo da atividade de MPO (0,051 + 0,056 ¢ 0,01 = 0,02
UI/L). A RSC de GEO em concentracdes de (12,5-100 mg/ml) mostrou atividade
antioxidante in vitro, com ICsp: (32 mg/ml) . Em contrapartida, a RSC de REO mostrou
esta atividade em concentragdes de (3,12-100mg/ml) com ICsp: (40 mg/ml). Na
avaliagdo da peroxidagdo lipidica GEO ndo mostrou nenhum resultado significativo nas
concentragdes testadas sobre a peroxidacdo ndo enzimatica. No entanto REO na
concentragdo de (0,5 mg/ml) mostrou 15% de inibicdo da peroxidagdo lipidica. Os
dados, em conjunto, sugerem que o pré-tratamento com REO e GEO podem proteger
contra os danos hepaticos promovidos por paracetamol, assim como, contra a acdo dos

danos causados por radicais livres.

Palavras-chave: Oleo essencial, gengibre, alecrim, hepatoprotecdo, antioxidante,

paracetamol.



Hepatoprotective effect of pretreatment with rosemary and ginger essential

oil in experimental model of acetaminophen-induced injury.

ABSTRACT

The objective of this study went to investigate and evaluate the hepatic protection and
antioxidant effects of the essential oil of ginger (GEO) and rosemary (REO), against
hepatic damage in male mice of BALB/c induced by the experimental of liver injury
acetaminophen-induced model. The experimental animals have been divided into eight
groups with n=5. Each group received by gavage for seven days following treatment:
Group (1) control group received no treatment. Group (2) received only vehicle saline
containing 0.1% Tween 80, REO or GEO. Groups (3, 4 and 5) received pre-treatment
with GEO at doses of 125, 250 and 500 mg/kg. Groups (6, 7 and 8) received pre-treated
with REO at doses of 125, 250, and 500 mg/kg. On the seventh day after receiving pre-
treatment with oil, the animals were fasted for a period of eight hours. After this period
animals of Group second to eighth acetaminophen received by gavage at the dose of 250
mg/kg. After 12 h, the mice were anesthetized with halothane, blood was collected to
determine plasma markers alanine (ALT) and aspartate aminotransferase (AST) in
serum. Sections of liver samples were used to determine the activity of the enzyme
myeloperoxidase (MPO). Lipid peroxidation assays were performed in homogenates
was used as egg yolk lipid rich medium. The oil GEO and REO were evaluated at
concentrations of 0.5, 5.0, 50.0 and 500x10~ mg/ml. Ascorbic acid was used as positive
control. DPPH assays were made with both GEO and REO oils at concentrations from
3.21 to 100 mg/ml. Ascorbic acid was used as positive control. Data were expressed as
mean = SEM for each group. The results were statistically analyzed by analysis of
variance (One-way ANOVA) followed by Tukey test. Differences were considered
significant at p <0.05. Liver injury induced by acetaminophen, elevated levels of AST
and ALT in serum compared to normal control animals. The pretreatment with doses of
(500 mg/kg) and GEO and REO for 7 days significantly reduced serum ALT and AST
levels as compared to normal controls, but not in doses (125 and 250 mg/kg ) for both
oils. MPO activity in mice pretreated with GEO at doses (250 and 500 mg/kg) was
significantly decreased (0.046 + 0.020 and 0.036 + 0.022 IU/L) when compared with
the group of acetaminophen (0.2800 £ 0.600 IU/L). Considering the pretreatment with
REO, the doses of (250 and 500 mg/kg) were also effective in reducing MPO activity



(0.051 £ 0.056 and 0.01 + 0.02 IU/L). The RSC GEO at concentrations (12.5 to 100
mg/ml) showed antioxidant activity in vitro with IC50 (32 mg/ml). On the other hand,
the RSC REO showed this activity at concentrations (3.12-100 mg/ml) and IC50 (40
mg/ml). In the evaluation of lipid peroxidation GEO showed no significant result in
concentrations on the non-enzymatic peroxidation. In the evaluation of lipid
peroxidation GEO showed no significant result in concentrations on the non-enzymatic
peroxidation. However the concentration of REO (0.5 mg/ml) showed 15% inhibition of
lipid peroxidation. The data together suggest that pretreatment with GEO REO and can
protect against liver damage promoted by acetaminophen, as well as action against the

damage caused by free radicals.

Keywords: Essential oil, ginger, rosemary, hepatoprotection, antioxidant,

acetaminophen.
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CAPITULO I
PRODUTOS NATURAIS

A utilizagdo de plantas com fins medicinais, para tratamento, cura e prevengao de
doencas, ¢ uma das mais antigas formas de pratica medicinal da humanidade [1].
Plantas medicinais simbolizam muitas vezes o Unico recurso terapéutico em muitas
comunidades e grupos étnicos [2]. O uso de plantas medicinais no tratamento e na cura
de enfermidade ¢ tdo antigo quanto a espécie humana [3]. Ao longo do tempo tém sido
registrados variados procedimentos clinicos tradicionais utilizando plantas medicinais
[4]. A facil obtengdo e a grande tradi¢do do uso de plantas medicinais, contribuem para

sua utilizagdo pelas populacdes dos paises em desenvolvimento [1].

As supostas propriedades farmacolégicas anunciadas ndo possuem validade
cientifica, por ndo terem sido investigadas, ou por ndo terem tido suas acdes
farmacologicas comprovadas em testes cientificos pré-clinicos ou clinicos [5]. A
elucidacdo dos componentes ativos presentes nas plantas, bem como seus mecanismos
de acdo, vem sendo um dos maiores desafios para a quimica farmacéutica, farmacologia

e a bioquimica [6].

Virias substancias tém sido estudadas em protocolos experimentais e clinicos para
reduzir ou prevenir a hepatotoxicidade induzida por paracetamol. Algumas plantas
medicinais tém recebido consideravel atencdo devido as suas diversificadas

propriedades farmacoldgicas, efeitos antioxidantes e hepatoprotetoras [7 - §].
GENGIBRE

A espécie vegetal Zingiber officinale Roscoe, pertence a familia Zingibiraceae, e ¢
popularmente conhecida como gengibre [3]. E utilizado como especiaria e¢ erva
medicinal, sendo hd milénios, empregado pela populacdo oriental como digestivo, anti-

emético, no tratamento de hemorragias e doengas respiratorias [9].

A destilagdo a vapor do rizoma fresco produz o 6leo que contém os maiores
ingredientes ativos [9]. Estes sdo constituidos principalmente pelos mono e
sesquiterpenos: canfeno, beta-felandreno, alfa-zingibereno, cineol, terfineol, borneol,

geraniol, limoneno entre outros [10].



14

Os gingerdis sdo 0s maiores componentes ativos, sendo o gingerol [5-hidroxi-1-
(4-hidroxi-3-methoxifenil)] decan-3-ona, o mais abundante [10]. O gingerol pode ser
convertido nos derivados shogalos, zingirone e paradol [11]. O 6-gingerol, possui
substancial atividade antioxidante, determinada pela inibi¢do da peroxidagdo
fosfolipidica induzida pelo sistema FeCls-ascorbato [12, 13] Aeschabach/proj). Foi
também demonstrado efeito inibitério da xantina-oxidase que ¢ responsavel pela

producao de espécies reativas de oxigénio (ROS), tais como o anion superdxido [14].
ALECRIM

O Rosmarinus officinalis L., pertence a familia Lamiaceae, e ¢ conhecida
popularmente como alecrim.[15]. O uso popular das partes desta planta e suas
atividades compreende desde, estimulantes, carminativa, enemagoga, as esséncias de

qualidade superior sdo utilizadas como aromatizantes em produtos alimentares [5].

Nas folhas e flores, foram identificados terpendides, saponinas, flavonoides,
nicotinamida, colina, pectina, taninos, rosmaricina [15]. No o6leo essencial foram
identificado os seguintes constituintes: alfa-pineno, nopineno, canfeno, limoneno,

cariofileno, cineol, canfora, borneol, verbenona e outros terpenos [16].

Na literatura ha poucos relatos sobre as propriedades farmacolégicas do 6leo
essencial de Rosmarinus officinalis L., sabe se que ¢ encontrado o acido rosmarinico, o

qual aumenta a produgdo de prostaglandina E; [17].
PARACETAMOL

O paracetamol ¢ um medicamento de venda livre, de acgdo antipirética e
analgésica, com fraca agdo antinflamatéria.. E considerada a principal causa de
insuficiéncia hepatica na Gra-Bretanha e EUA, seja de forma acidental ou uso abusivo,
e principal causa de morte por medicamentos relatada a Academia Americana de
Pediatria (AAP).(22) Encontra-se dentre os medicamentos mais consumidos no Brasil.
A dose recomendada pelo Food Drug Administration (FDA) para adultos ¢ de 325-
650mg e para criangas menores que 12 anos de 10-15mg/kg/dose ambas com intervalos
de 4 - 6h. A dose diaria limite para adultos ¢ 4 gramas, ao passo que para criangas ¢

75mg/Kg [18,19, 20].
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O paracetamol (N-acetil-p-aminofenol), metabolito ativo da fenacetina, analgésico
derivado do alcatrdo, € um dos farmacos mais extensamente utilizados como
analgésicos e antipiréticos [21]. O paracetamol apresenta rapida absorc¢do pelo trato
gastrointestinal e sua concentracdo plasmatica atinge o pico maximo em 30 e 60
minutos. A excre¢do ocorre apds o farmaco ser sulfatado e glicuronizado a nivel
hepético. Uma pequena percentagem sofre N- hidroxilagdo através do citocromo P-450
formando o metabdlito toxico N-acetil-p-benzoquinoneimina (NAPQI) que inicialmente
¢ ligado a glutationa e excretado. Na administragdo de doses toxicas de paracetamol, as
vias de glicuroniza¢do e sulfatacdo se saturam e a via do citocromo P-450 adquire
importancia para a biotransformagdo da droga, ocasionando uma maior formagao de
NAPQI. Com isto as reservas de glutationa hepatica se esgotam e a reacdo com 0s
grupos sulfidrilicos das proteinas hepaticas ¢ aumentada, interrompendo o fluxo de
calcio mitocondrial e conduzindo a necrose dos hepatdcitos [22]. A cascata ¢
amplificada pela ativagdo das células de Kupffer e pela producdo de citocinas e radicais
livres que conduzem a apoptose e necrose centrolobular na zona 3 [22, 23]. A necrose
ocorre nesta zona porque ¢ onde se localizam os hepatocitos que apresentam maior

quantidade do citocromo P-450, convertendo a droga em metabdlito ativo [24].

ANTIOXIDANTES

Muitos agentes antioxidantes tém sido citados em estudos experimentais e clinicos
para reduzir ou evitar a hepatotoxicidade induzida por paracetamol [25, 26]. Os
antioxidantes mais populares de hepatotoxicidade por paracetamol, ¢ a N-acetil-L-
cisteina (NAC) [26, 22, 24]. Proteccdo por NAC pode ser atribuivel a sua habilidade de
regenerar grupos GSH devido a sua capacidade de fornecer residuos de cisteinas [14,
22, 24]. Os 6leos de Zingiber officinalis Roscoe e Rosmarinus officinalis L. apresentam
atividades antioxidantes, que podem ajudar a reverter danos como no caso das lesdes
causada por infusdo de altas doses de paracetamol, porém nio se tem muitos estudos
sobre esse efeito hepatoprotetor [22, 25]. Deste modo, neste estudo investigou se essa
possivel capacidade dos o6leos, visto que nao ha dados suficientes na literatura

demonstrando a sua atividade hepatoprotetora.
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FiGADO

Muitos medicamentos empregados na pratica clinica podem induzir ou progredir a
lesdo hepatica, levando a limitacdo e aos beneficios esperados para a terapéutica.

O figado ¢ o principal 6rgdo de biotransformacdo de farmacos e outras
substancias, sendo frequentemente associados a efeitos adversos de drogas, devido as
acoes diretas agudas e cronicas sobre este Orgdo [27]. As hepatopatias podem ser
caracterizadas por lesdo e necrose celular, resposta imunoldgica e regeneragao nodular
que comprometem a estrutura hepatica e a capacidade funcional dos hepatocitos. Nas
hepatopatias, ha uma elevagdo dos niveis séricos de marcadores bioquimicos tais como:

ALT, AST, ALP, Gama-GT, ¢ na atividade da MPO e do NO [28].

HEPATOTOXICIDADE

A insuficiéncia hepatica esta relacionada com o metabolismo do paracetamol pela
via citocromo P-450. Sabe-se que a glutationa ¢ a responsavel pela neutralizacdo do
potencial téxico do paracetamol [29]. Como as criangas normalmente apresentam altos
estoques de glutationa esperaria-se que estas fossem menos vulneraveis ao paracetamol;
entretanto, estados de febre prolongada, diarréia, vOmitos, ou subnutricdo baixam os
niveis de glutationa o que torna as criancas tdo suscetiveis quanto os adultos [30]. O
paracetamol pode causar danos hepaticos severos além de ictericia. A insuficiéncia
hepatica esta relacionada com o metabolismo do paracetamol pela via citocromo P-450
[20]. Sabe-se que a glutationa ¢ a responsavel pela neutralizacdo do potencial toxico do
paracetamol [18]. Como as criancas normalmente apresentam altos estoques de
glutationa esperaria-se que estas fossem menos vulneraveis ao paracetamol; entretanto,
estados de febre prolongada, diarréia, vomitos, ou subnutricdo baixam os niveis de
glutationa o que torna as criangas tdo suscetiveis quanto os adultos [31]. A
hepatotoxicidade, que pode levar a faléncia hepatica fulminante, constitui-se uma
manifestacdo tardia de dificil tratamento para recuperagdo do figado e ¢ observada
principalmente na interagdo entre o paracetamol e o uso de alcool. A indugdo enzimatica
mediada pelo alcool da citocromo P-450 hepatica em combinacdo com a deple¢dao de
glutationa ¢ particularmente importante neste caso. O consumo cronico ao nivel de 3 ou
mais drinques/dia eleva o risco, devido ao nivel toxico ou terapéutico elevado do

paracetamol. O comprometimento irreversivel desse 6rgdo ¢ resultado do acimulo de
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benzoquinonaimina (NAPBQI), metabolito extremamente tdéxico do paracetamol as
células hepaticas [32]. Uma atencdo adicional deve ser dada as numerosas associacdes
que contenham paracetamol ja& que o usuario/paciente geralmente ndo observa ou
desconhece a formulacdo fazendo uso concomitante com o paracetamol em formulagao
unica, aumentando ainda mais o risco hepatico com sobrecarga do farmaco no

organismo [33].

JUSTIFICATIVA

As doencas do figado tém se tornado uma das principais causas de morbidade e
mortalidade em todo o mundo [34]. Paracetamol em grandes doses causa lesdo hepatica
grave que pode evoluir para insuficiéncia hepatica, degeneracdo e necrose
hepatocelular, também estdo associados com elevados niveis de marcadores
bioquimicos enzimaticos [34]. Nos ultimos anos, os produtos naturais derivados das
plantas tém recebido considerdvel ateng¢do, devido as suas diferentes propriedades
farmacologicas [35]. Com base nessas nogdes, a investigagdo do efeito hepatoprotetor e
antioxidante dos 6leos no referido estudo, torna-se necessario e conveniente, visto que
na literatura existem poucas descri¢cdes entre o pré-tratamento com alecrim e gengibre
frente ao possivel efeito de hepatoprotetor por intoxicagdo causada por doses elevadas

de paracetamol.
OBJETIVOS
GERAIS

Avaliar a possivel atividade hepatoprotetora e antioxidante dos 6leos essenciais de
alecrim (REO) e gengibre (GEO), utilizando o modelo experimental de
hepatotoxicidade induzida por paracetamol em camundongos machos da linhagem

Balb/c.
ESPECIFICOS

Induzir em modelo experimental de hepatotoxicidade induzida por paracetamol

em camundongos machos da linhagem Balb/c.

Verificar as alteragdes dos marcadores bioquimicos funcionais (AST e ALT) na

intoxicacdo por paracetamol.
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Avaliar o efeito hepatoprtetor do pré-tratamento com o 6leo essencial de alecrim e

gengibre frente as alteracdes promovidas pela intoxicagdo induzida pelo paracetamol.
Analisar a migra¢do leucocitaria (MPO) na intoxicagdo por paracetamol.

Testar a atividade antioxidante do 6leo essencial de alecrim e gengibre nos efeitos

de eliminagdo de radical livre pelo método de DPPH.

Demonstrar a atividade antioxidante do 6leo essencial de alecrim e gengibre no

ensaio de peroxidacdo lipidica.
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ABSTRACT

Liver diseases have become one of the major causes of morbidity and mortality all over
the world. This study investigated the hepatoprotective and antioxidant effect of rosemary
essential oil (REO) and ginger essential oil (GEO), against paracetamol-induced liver
damage. The hepatoprotective effects of REO and GEO at doses of 125, 250 and 500
mg/kg, respectively, orally for 7 days were determined by assessing serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) in mice. The liver samples
were then to determine myeloperoxidase (MPO) enzyme activity. In vitro antioxidant
activity of REO and GEO were evaluated by assessing the free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPHe)-scavenging activity and lipid peroxidation. REO and GEO
reduced the levels of AST, ALT, and also MPO activity. Both essential oils also exhibited
antioxidant activity, reflected by its DPPH radical-scavenging effects and in the lipid
peroxidation assay. These results indicated that REO and GEO have hepatoprotective
effects on acetaminophen-induced hepatic damage in mice, probably due to their

antioxidant effect.

Keywords: Essential oil, ginger, rosemary, hepatoprotection, antioxidant,

acetaminophen.
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1. Introduction

Acetaminophen (APAP) at large doses causes serious liver injury that may
develop into liver failure'. Hepatocellular degeneration and necrosis are also associated
with elevated enzyme markers, such as serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST)”. Liver injury induced by acetaminophen in mice is a
commonly used as experimental model for screening substances with potential
hepatoprotective activity’.

Many aromatic plants are considered important sources for the extraction of
essential oils and have many applications in ethno-medicine®. Biological activity of
essential oils depends on its composition, beeing natural mixtures of terpenes, mainly
monoterpenes and sesquiterpenes, which it have been used increasingly in the practice
of complementary therapies, such as aromatherapy””.

Zingiber officinale Roscoe essential oil (GEO) has been showed anti-
inflammatory, antinociceptive and immunomodulatory effects of ginger essential oil
(GEO) in animal models'®. Studies have been focused in various biological activities
of secondary metabolites of Rosmarinus officinalis L essential oil (REO) such as
phenolic compounds, which are powerful antioxidants, hepatoprotective, antimicrobial,
antinociceptive and anti-inflaimmatory agents"®"*”.

Therefore, the present study investigated the hepatoprotective effect of GEO and
REO on acetaminophen-induced hepatic damage in mice, and also the anti-oxidant

effects of these oils in hepatic lesion.

2. Methods

2.1 Extraction of essential oil

Fresh rizhoms of Zingiber officinale and the fresh leaves of Rosmarinus
officinalis. were collected from the Profa Irenice Silva Medicinal Plant Garden in the
State University of Maringd, Parana, Brazil. The vegetal materials were identified and
authenticated by botanist Maria Aparecida Sert. The voucher specimens of each vegetal
were deposited in the Herbarium of the Department of Botany, State University of

Maringa. The essential oil was obtained by hydrodistillation using a Clevenger-type
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apparatus for 2 h. The oils were dried over sodium sulfate and stored in an amber flask

at 4°C.

2.2 Animals

Male Balb/c mice, weighing 24 + 2 g, were provided by the Central Animal
House of the State University of Maringa. The animals were housed at 22 + 2°C under a
12/12 h light/dark cycle. Prior to the experiments, the animals were fasted overnight,
with water provided ad [libitum. The experimental protocols were approved by the
Ethical Committee in Animal Experimentation of the State University of Maringa

(CEAE/UEM 126/2010).

2.3 Treatment of animals

The experimental animals were divided into eight groups of five animals each.
Firstly, each group received orally during seven days the following treatment: Group I,
the mice did not receive any treatment. In Group II, the mice received GEO or REO
vehicle (saline that contained 0.1% Tween 80). In Groups III-VIII, the mice were
pretreated with GEO at doses of 125, 250, and 500 mg/kg, or REO at doses of 125, 250,
and 500 mg/kg, respectively. After this time, the animals were fasted for 8 h and then
received oral acetaminophen on the seventh day at a dose of 250 mg/kg in Groups II-
VIII. The group I orally received saline that contained 0.1% Tween 80 (APAP vehicle).
After 12 h, the mice were anesthetized with halothane, and blood was collected for the
determination of serum AST and ALT, using the Analyze Gold Kit”. The livers were

then used to determine myeloperoxidase (MPO) enzyme activity.

2.4 Determination of serum ALT and AST

Blood samples were collected and centrifuged at 3000 xg for 15 min at 4°C.
Serum ALT and AST levels were then measured using the Analyze Gold® enzymatic

test kit.

2.5 Determination of MPO activity
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The livers were used to determine MPO enzyme activity in the homogenate
supernatant of the liver sections, which were placed in potassium phosphate buffer that
contained hexadecyltrimethylammonium bromide in a Potter homogenizer. 10 ul of the
supernatant was added to each well in triplicate in a 96-well microplate. Two hundred
milliliters of the buffer solution containing 16.7 mg O-dianisidine dihydrochloride
(Sigma), 90 ml double-distilled water, 10 ml potassium phosphate buffer, and 50 ul of
1% H,0O, was added. The enzymatic reaction was stopped by the sodium acetate
addition. Enzyme activity was determined by absorbance measured at 460 nm using a

Spectra Max Plus microplate spectrophotometer.

2.6 Lipid peroxidation assay

A lipid peroxidation assay was performed as previously reported with a minor
modification ’. Egg yolk homogenates were prepared as lipid-rich media. Briefly, 0.1 ml
of REO and GEO (0.5; 5.0, 50.0 and 500x10” mg/ml) dissolved in methanol was
thoroughly mixed with 0.5 ml of egg yolk homogenate (10%, v/v, diluted with pure
water) and made up to 1 ml with pure water. Ferrous sulfate (50 pl, 70 mM) was added
to induce lipid peroxidation, and the mixture was incubated for 30 min at 37.5°C.
Afterward, 1.5 ml of 20% acetic acid (v/v, pH 3.5, diluted with pure water) and 1.5 ml
of 0.8% (w/v) thiobarbituric acid in 1.1% sodium dodecyl sulfate (w/v, diluted with
pure water) were added, and the resulting mixture was vortexed and heated at 95°C for
60 min. After cooling, 5 ml of 1-butanol was added to each tube and centrifuged at 5000
rotations per minute for 15 min. The organic upper layer was collected and measured
spectrophotometrically at 532 nm using a Beckman DU-65 spectrophotometer. The
essential oil was diluted in methanol (the solvent expressed no antioxidant activity).
Ascorbic acid was used as a positive control. The inhibition of lipid peroxidation was
calculated as: Inhibition (%) = (1 — Agmple / Acontrol) X 100. Aconrot Was considered the
absorbance of the control (i.e., methanol, instead of the sample). The ICs, value,
representing the concentration of the essential oil that caused 50% inhibition of lipid
peroxidation in the Fe*"/ascorbate system, was determined by linear regression analysis

from the obtained inhibition (%) values.

2.7 DPPH assay
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Free radical scavenging capacity (RSC) was evaluated by measuring the 2,2-
diphenyl-1-picrylhydrazil (DPPH)-scavenging activity of REO and GEO. The DPPH
assay was performed as previously described ®, with minor modifications. The samples
3.12 - 100 mg/ml were mixed with 1 ml of 25 mM of DPPHe solution (Sigma, St.
Louis, MO, USA), with the addition of 95% methanol to a final volume of 4 ml. The
absorbance of the resulting solutions and blank (i.e., with the same chemicals, with the
exception of the sample) were recorded against ascorbic acid (Chem Cruz; used as a
positive control) after 30 min at room temperature. For each sample, four replicates
were recorded. The disappearance of DPPHe was measured spectrophotometrically at
515 nm using a Beckman DU-65 spectrophotometer. The percentage of RSC was
calculated using the following equation: RSC (%) = 100 x (Apiank - Asample / Ablank). The
ICs¢ value, representing the concentration of the essential oil that caused 50% RSC

inhibition, was determined by linear regression analysis from the obtained RSC values.

2.8 Statistical analysis

The data are expressed as the mean = SEM for each group. The results were
statistically analyzed using one-way analysis of variance (ANOVA) followed by

Tukey’s test. Differences were considered significant at p < 0.05.

3. Results

We evaluated the effects of GEO and REO on serum enzyme markers. As shown
in Figure 1, the hepatic damage induced by acetaminophen, elevated the serum ALT
and AST enzyme levels when compared with the normal animals. Pretreatment with
500 mg/kg GEO and REO but not 125 and 250 mg/kg for both oils during 7 days prior
to acetaminophen administration markedly reduced serum ALT and AST levels when

compared with vehicle-treated controls.

The activity of MPO in mice treated with GEO (250 and 500 mg/kg), was
significantly decreased (0.046 + 0.020 and 0.036 + 0.022 IU/L) when compared with
acetaminophen group (0.2800 + 0.600) (Figure 2A). Considering the REO treatment,
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doses of 250 and 500 mg/kg (Figure 2B) also were effective in reduce the MPO activity
(0.051 £0.01 and 0.056 + 0.02 IU/L, respectively).

In the DPPH test, the ability of GEO and REO to act as a donor for hydrogen
atoms or electrons in the transformation of DPPHe to its reduced form (DPPH-H) was
measured spectrophotometrically. The RSC of GEO at concentrations of 12.5-100
mg/ml showed antioxidant activity in vitro, with 1Csy: 32 mg/ml (y = 1.8889x — 10.996;
R? = 0.9901). On the other hand, REO showed this activity at concentrations of 3.12-
100mg/ml with ICsp: 40 mg/ml (y = 1.1456x + 4.0215; R? = 0.9932). (Table 1)

Egg yolk lipids undergo rapid lipid peroxidation when incubated in the presence
of ferrous sulfate. GEO did not showed inhibition of lipid peroxidation effect at all
concentrations tested on non-enzymatic peroxidation. However REO at concentration of

0.5 mg/ml showed 15 % of inhibition in the lipid peroxidation (Table 2).

4. Discussion

In this study, it was used hepatotoxicity acetaminophen-induced to evaluate the
hepatoprotective of REO and GEO, because an acetaminophen overdose (i.e., at doses
that are different from analgesic doses that are safely and effectively used
therapeutically) can induce severe hepatotoxicity in experimental animals and
humans™'®'". A single dose of acetaminophen caused severe hepatic damage. It was
reflected by a marked elevation of the levels of hepatic marker enzymes (i.e., AST and
ALT), and an increased MPO activity. These serum enzymes are useful quantitative
markers of the extent and type of hepatocellular damage. High levels of AST indicate a
loss of the functional integrity of the liver, similar to the effects seen in viral hepatitis,
cardiac infraction, and muscle injury. The ALT enzyme catalyzes the conversion of
alanine to pyruvate and glutamate and is released in a similar manner. Therefore, ALT
is more specific to the liver and thus, a better parameter for detecting liver injury'>'>'*.
Furthermore, the free radical-initiated oxidation of cellular membrane lipids can lead to
cellular necrosis and is now accepted to be important in various pathological
conditions'. Acetaminophen treatment significantly elevated reactive oxygen species
levels, ultimately depleting the levels of superoxide dismutase (SOD) and GSH in liver
tissue, whereas oxidative stress contributes to the initiation and progression of liver

damage'®. We assessed the hepatoprotective effect of GEO and REO on acetaminophen-
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induced hepatic damage in mice, and the results suggested that these essential oils likely
acts to preserve the functional integrity of the cell plasma membrane of hepatocytes in
the liver and protect the membrane from damage by toxic reactive metabolites produced

by acetaminophen biotransformation'>'®,

Various essential oils have been shown to have antioxidant activity'™'*"
Therefore, we evaluated the in vitro antioxidant activity of GEO and REO. These
natural compounds are generally considered biologically active components that could
donate hydrogen to free radicals and thus break the chain reaction of lipid oxidation at
the first initiation step, so our date suggest that the hepatoprotective effect of these
essential oils could be due pontially to their antioxidant properties.

Inflammation also plays a central role during drug-induced acute hepatitis and
products of arachidonic acid metabolism have been extensively involved in
inflammatory processes>. Previous results shown by our research group confirmed the

0?22 Therefore, these data suggest that

anti-inflamatory activity of GEO and RE
these two essential oils are partially involved in the hepatoprotective effect in this
experimental model.

Thus, it has been demonstrated that extracts of plants protect the liver from
acetaminophen overdose, suggesting that the hepatoprotective effect can be considered
an expression of the functional improvement of hepatocytes, that results from

accelerated cellular regeneration™**

. Furthermore, previous studies have also shown
that some essential oils have properties of scavenging free radicals and antioxidants
hepatoprotective activity'’. GEO and REO could interact directly with components of
the cell membrane to prevent abnormalities in the content of the lipid fraction which is

responsible for maintaining normal fluidity these lipid fraction.

5. Conclusion

Our data suggest that GEO and REO pretreatment improves hepatic status in mice
against acetaminophen-induced damage. The effects could involve the antioxidative
effect of these essential oils, similar to that effects observed in other medicinal plants.
However, further detailed studies are required to investigate the mechanism by which
GEO and REO exerts its effects and determine the specific constituents that are

responsible for this action.



32

6. Conflict of interest

The authors declare that there are no conflicts of interest.
7. Aknowledgments

This study was supported by grants from the CAPES (Coordenadoria de
Aperfeigoamento de Pessoal de Nivel Superior, Funda¢do Araucaria, and CNPq

(Conselho Nacional de Desenvolvimento Cientifico e Tecnologico), Brazil. We thank

Mr. Jailson Araujo Dantas and Mrs. Celia Regina Miranda for technical assistance.



33

8. References

1. Gujral JS, Knight TR, Farhood A, Bajt ML, Jaeschke H. Mode of cell death after
acetaminophen overdose in mice: apoptosis or oncotic necrosis?. Toxicol. Sci 2002;

67:322-328.

2. Cigremis Y, Turel H, Adiguzel K, Akgoz M, Kart A, Karaman M, Ozen H. The
effects of acute acetaminophen toxicity on hepatic mRNA expression of SOD, CAT,
GSH-Px, and levels of peroxynitrite, nitric oxide, reduced glutathione, and

malondialdehyde in rabbit. Mol. Cell. Biochem 2009; 323: 31-38.

3. Lee WM, Ostapowicz G. Acetaminophen: pathology and clinical presentation of
hepatotoxicity. In: Kaplowitz N, DeLeve LD (Eds), Drug-Induced Liver Disease. New
York: Marcel Dekker 2003; pp: 327-344.

4. Baranauskiene R, Venskutonis PR, Viskelis P, Dambrauskiene E. Influence of
nitrogen fertilizers on the yield and composition of thyme (Thymus vulgaris), J. Agric.

Food Chem 2003; 51: 7751-7758.

5. Daferera DJ, Tarantilis PA, Polissiou MG. Characterization of essential oils from
Lamiaceae species by Fourier Transform Raman Spectroscopy, J. Agric. Food 2002;

Chem. 50: 5503-5507.

6. Fachini-Queiroz FC, Kummer R, Estevado-Silva CF, Carvalho MDB, Cunha JM,
Grespan R, Bersani-Amado CA and Cuman RKN. Constituents of Thymus vulgaris L.
Essential Oil, on the Inflammatory Response. Evid. Based. Complement. Alternat. Med
2012; Article ID 657026.

7. Dasgupta N, De B. Antioxidant activity of Piper betel L. leaf extract in vitro. Food.
Chem 2004; 88: 219-224.

8. Espin JC, Soler-Rivas C, Wichers HJ. Characterization of the total free radical
scavenger capacity of vegetable oils and oil fractions using 2,2-diphenyl-1-

picrylhydrazyl radical. J. Agric. Food. Chem 2000; 48: 648-656.



34

9. Hwang HJ, Kwon MJ, Kim IH, Nam TJ. Chemoprotective effects of a protein from
the red algae Porphyra yezoensis on acetaminophen-induced liver injury in rats.

Phytother. Res 2008; 22: 1149-1153.

10. Ito Y, Abril ER, Bethea NW, McCuskey RS. Ethanol binging enhances hepatic

microvascular responses to acetaminophen in mice. Microcirculat 2004; 11: 625-632.

11. Wu YL, Piao DM, Han XH, Nan JX. Protective effects of salidroside against
acetaminophen-induced toxicity in mice. Biol. Pharm. Bull 2008; 31: 1523-1529.

12. Mitra SK, Venkataranganna MV, Sundaram R, Gupumadhavan S. Protective effect
of HD-03, a herbal formulation, against various hepatotoxic agents in rats. J.

Ethnopharmacol; 1998 63: 181-186.

13. Sallie R, Trendger JM, William R. Drugs and the liver. Biopharmaceut Drug
Dispos; 1991; 12: 251-259.

14. Williamson EM, Okpako DT and Evans FJ. Selection, Preparation and
Pharmacological Evaluation of Plant Material. Chichester: John Wiley 1996; pp: 131-
154.

15. Pryor W. Oxy radicals and related species, Their formation, lifetimes and reaction,

Annu. Rev. Physiol 1986; 48: 657-667.

16. van de Straat R, Vries J, Vermeulen NPE (1987). Role of hepatic microsomal and
purified cytochrome P-450 in one electron reduction of two quinone imines and

concomitant reduction of molecular oxygen. Biochem. Pharmacol 1987; 36: 613—619.

17. Grespan R, Aguiar RP, Giubilei FN, Fuso RR, Damiao MJ, Silva EL, Graton-
Mirkcha J, Hernadez L, Bersani-Amado CA, Cuman RKN. Hepatoprotective Effect of

Pretreatment with Thymus vulgaris Essential Oil in Experimental Model of



35

Acetaminophen-Induced Injury. Evidence-Based Comp. and Alt. Med. (Print) 2014; p:
1-8.

18. Sendra E, Viuda MM, Nasser ABD, el Gendy GS, Lopez JF, Razik KAABD, Omer
EA, Alvarez JAP. Chemical composition and antioxidant and anti-listeria activities of
essential oils obtained from some Egyptian plants. J. Agric. Food. Chem 2010; 58:
9063-9070.

19. Wei CZ, Rui XZ, Li RJ, Hong G and Yue Z. Chemical composition, antimicrobial
and antioxidant activities of essential oil from Gnaphlium affine. Food. Chem. Toxicol

2011;49: 1322-1328.

20. Perez—Alvarez V, Bobadilla-Lugo RA, Muriel P, Favari L and Villanueva-Lopez C.
Effects of leukotriene synthesis inhibition on acute liver demage induced by carbono

tetrchloride. Pharmacol 1993; 47: 330-336.

21. Nogueira de Melo GA, Grespan R, Fonseca JP, Farinha TO, Silva EL, Romero AL,
Bersani-Amado CA, Cuman RKN. Inhibitory effects of ginger (Zingiber officinale

Roscoe) essential oil on leukocyte migration in vivo and in vitro. Natural Medicin 2011;

65: 241-246.

22. Nogueira de Melo GA, Grespan R, Fonseca JP, Farinha TO, Silva EL, Romero AL,
Bersani-Amado CA, Cuman RKN. Rosmarinus officinalis L. Essential Oil Inhibits In
Vivo and In Vitro Leukocyte Migration. J. of Medicin. Food 2011; 14: 944-946.

23. Sadasivan S, Latha PG, Sasikumar JM, Rajashekaran S, Shyamal S, Shine VJ.
Hepatoprotective studies on Hedyotis corymbosa (L.) Lam. J. Ethnopharmacol 2006;
106: 245-249.

24. Tabassum N, Chattervedi S, Aggrawal S, Ahmed N. Hepatoprotective studies on
Phyllanthus niruri paracetamol induced liver cell damage in albino mice. Experimental

Medicine 2005; 12: 211-212.



36

Figures/Table Legend

Figure 1 . Ginger Essencial Oil (GEO) and Rosemary Essencial Oil (REO) reduced the
serum ALT and AST on acetaminophen-induced hepatotoxicity in mice - The animals
were pretreated with GEO and REO (125, 250 and 500 mg/kg, orally) daily for 7 days.
After, the mice were treated with APAP (250 mg/kg, orally) and serum parameter of
ALT (A) and AST (B) of GEO and ALT (C) and AST (D) of REO were determined 12
h after APAP intoxication. The control group (C) was given vehicle of APAP. Results
represent mean = SEM of 5 mice per group. *p<0.05 versus control group (C), #p<0.05

versus APAP group.

Figure 2 . Effect of the Ginger Essential Oil (GEO) and Rosemary Essential Oil (REO)
on MPO enzyme activity in liver of mice — The animals were pretreated with GEO and
REO (125, 250 and 500 mg/kg, orally) daily for 7 days. After, the mice were treated
with APAP (250 mg/kg, orally) and parameter of MPO (A) GEO and (B) REO was
quantified 12 h after APAP intoxication. The control group (C) was given vehicle of
APAP. Results represent mean of MPO activity + SEM of 5 mice per group. *p<0.05
versus control group (C), #p<0.05 versus APAP group.

Table 1 . Assessment of DPPH free radical scavenging activity of Rosemary Essential

Oil (REO) and Ginger Essential Oil (GEO).

Table 2 . Inhibition of lipid peroxidation in Fe*" system of induction by the essential
oils Rosemary Essential Oil (REO) and Ginger Essential Oil (GEO) measured by
TBARS Assay.
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Table 1
Activity (%)
Concentration REO GEO Ascorbic Acid
(mg/ml)

0.2 - - 96
3.12 7 0 -
6.25 9 0 -

12.5 19 8 -

25 35 35 -

50 60 85 -
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Table 2
% Inhibition of Radical Scavenging
Concentration REO GEO Ascorbic Acid
(mg/ml)
0.5x10” 1 3 -
5x10° 2 3 -
50x10~ 10 3 -
500x10™ 15 4 -
0.2 - - 63
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CAPITULO III

CONCLUSOES

Este estudo sugere a hepatoprotecdo pelos 6leos REO ¢ GEO no dano hepatico
induzido por paracetamol em camundongos, provavelmente devido ao seu efeito
antioxidante.

Os 6leos REO e GEO sugerem redu¢ao nos niveis de AST e ALT.

A atividade antioxidante dos 6leos REO e GEO sdo sugeridas na analise na eliminagdo

de radicais livres nos ensaios de DPPH e Peroxidac¢ao Lipidica.
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PERSPECTIVAS FUTURAS

Embora estes resultados sugerem efeitos antioxidantes dos 6leos esséncias REO e GEO,
outras andlises terdo que ser realizadas para efetiva comparacgao dos dados apresentados,
assim como estudos quimicos mais detalhados para elucidar quem s3o os componentes
responsaveis por promover esse efeito hepatoprotetor sugerido. Sendo assim, com novas
andlises e dados mais precisos poderemos ter a sugestdo de um possivel candidato a
novo farmaco para doengas hepaticas causadas por excesso de formagdo de radicais

livres.
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ANEXO

Instructions For Authors

African Journal of Traditional, Complementary and Alternative medicines

(AJTCAM)

Regular articles

These should describe new and carefully researched findings that have arisen from
experimental procedures. The articles should be given in sufficient detail for others to
verify the work. Authors should submit data that have arisen from animal and human
studies in an ethically proper way by following guidelines as set by the World Health

Organization. Papers that violate these principles will not be accepted.

The African Journal of Traditional, Complementary and Alternative medicines
(AJTCAM) provides rapid publication of papers on ethnomedicines and veterinary
ethnomedicines. The Journal welcomes the submission of manuscripts that meet the
general criteria of significance and scientific excellence. Papers will be published

approximately two to three months after acceptance.

Electronic Submission

Electronic submission of manuscripts is strongly encouraged, provided that the text,
tables, and figures are included in a single Microsoft Word file. DIRECT
UPLOADING/SUMISSIONS IS NOW STRONGLY ENCOURAGED by registering as
author and following the wuploading instructions step by step at
http://journals.sfu.ca/africanem/index.php/ajtcam/index/about/submissions#onlineSubm
issions. You may also submit manuscripts as e-mail attachment to the Editorial Office
at: cadewumi@yahoo.com or editor@africanethnomedicines.net. A manuscript number
will be mailed to the corresponding author same day or within three days. The cover
letter should include the corresponding author's full address and telephone/fax numbers
and should be in an e-mail message sent to the Editor, with the file, whose name should

begin with the first author's surname, as an attachment.



44

The African Journal of Traditional, Complementary and Alternative medicines will
accept manuscripts submitted as e-mail attachments. For all other correspondence that
cannot be sent by e-mail, please contact the editorial office at: The Editor-in-Chief,
Drug Research & Production Unit, Faculty of Pharmacy, Obafemi Awolowo University,
Ile-Ife, Nigeria

Article Type: Three types of manuscripts may be submitted.

Regular articles

These should describe new and carefully researched findings that have arisen from
experimental procedures. The articles should be given in sufficient detail for others to
verify the work. Authors should submit data that have arisen from animal and human
studies in an ethically proper way by following guidelines as set by the World Health
Organization. Authors submitting papers are advised to read online WIPO and WHO
guidelines on these subjects
(http://www.wipo.int/tk/en/consultations/draft provisions/draft provisions.html and
http:/http://www.who.int/medicines/library/trm/researchdocs.shtml). The authors should
indemnify that they have acquired appropriate "prior informed consent" (PIC). This
means the onus is on them, not the journal, regarding this important ethical issue.
Moreover they should state this as a part of the protocol describing how these types of

surveys were made. Papers that violate these principles will not be accepted.

Short Communications

A Short Communication is suitable for recording the results of complete small
investigations or giving details of new models or hypotheses, chemical isolation and
identification, innovative methods, techniques, clinical trials and

epidemiologicalstudies.

Reviews

Submissions of reviews and perspectives covering topics of current interest are
welcome and encouraged. reviews are also peer-reviewed. Review Process: All
manuscripts are reviewed by an editor and members of the Editorial Board or qualified

outside reviewers. Decisions will be made as rapidly as possible, and the journal strives
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to return reviewers’ comments to authors within 3 weeks. It is the goal of the AJTTCAM

to publish papers within 12 weeks after submission.

Regular articles
All portions of the manuscript must be typed double-spaced and all pages numbered

starting from the title page.

Title

The title Should be as brief as possible describing the contents of the paper. The Title
Page should include the authors' full names and affiliations, the name of the
corresponding author along with phone, fax and E-mail information. Present addresses

of authors should appear as a footnote.

Abstract

The abstract which should be included at the beginning of the manuscript should be
informative and completely self-explanatory, briefly present the topic, state the scope of
the experiments, indicate significant data, and point out major findings and conclusions.
The Abstract should not be more than 250 words in length.. Complete sentences, active
verbs, and the third person should be used, and the abstract should be written in the past
tense. Following the abstract, about 3 to 6 key words that will provide indexing

references to should be listed.

Abbreviations

A list of non-standard Abbreviations should be added. In general, non-standard
abbreviations should be used only when the full term is very long and used often. Each
abbreviation should be spelled out and introduced in parentheses the first time it is used

in the text. Only recommended SI units should be used.

Introduction
The Introduction should provide a clear statement of the problem, the relevant literature
on the subject, and the proposed approach or solution. It should be understandable to

colleagues from a broad range of scientific disciplines.
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Materials and methods

Materials and methods should be complete enough to allow experiments to be
reproduced. However, only truly new procedures should be described in detail;
previously published procedures should be cited, and important modifications of
published procedures should be mentioned briefly. Capitalize trade names and include
the manufacturer's name and address. Subheadings should be used. Methods in general

use need not be described in detail.

Results

Results should be presented with clarity and precision. The results should be written in
the past tense when describing findings in the authors' experiments. Previously
published findings should be written in the present tense. Results should be explained,
but largely without referring to the literature. Discussion, speculation and detailed
interpretation of data should not be included in the Results but should be put into the

Discussion section.

Discussion

The Discussion should interpret the findings in view of the results obtained in this and
in past studies on this topic. State the conclusions in a few sentences at the end of the
paper. The Results and Discussion sections can include subheadings, and when

appropriate, both sections can be combined.

Acknowledgments

The Acknowledgments of people, grants, funds, etc should be brief.

Tables

Tables should be simple and kept to a minimum. Tables should be typed double-spaced
throughout, including headings and footnotes. Each table should be on a separate page,
numbered consecutively in Arabic numerals and supplied with a heading and a legend.

Tables should be self-explanatory without reference to the text.

Figure legends
Figure legends should be typed in numerical order on a separate sheet. Graphics should

be prepared using applications capable of generating high resolution GIF, TIFF, JPEG
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or Powerpoint before pasting in the Microsoft Word manuscript file. Tables should be
prepared in Microsoft Word. Use Arabic numerals to designate figures and upper case
letters for their parts (Fig 1). Begin each legend with a title and include sufficient
description so that the figure is understandable without reading the text of the

manuscript. Information given in legends should not be repeated in the text.

References

References: In the text, a reference identified by means of an author‘s name should be
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