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Resumo

FARIAS, Marilia Davila. Avaliacdo da atividade antioxidante de derivados semi-
sintéticos do eugenol. 2013. 59f. Dissertacdo (Mestrado) - Programa de POs-
Graduacdo em Bioquimica e Bioprospeccao. Universidade Federal de Pelotas,
Pelotas.

O eugenol, obtido a partir de 6leo de cravo (Eugenia caryophyllata), apresenta varias
atividades bioldgicas comprovadas, tais como anti-inflamatoria, analgésica,
anestésica, antipirética,  antiplaquetaria,  anticonvulsivante,  antioxidante,
antibacteriana, antidepressiva, antifUngica e antiviral. O eugenol € um derivado
fendlico, que apresenta capacidade de neutralizar radicais livres pela transferéncia
de um Unico elétron. A atividade antioxidante do eugenol ja foi comprovada, nesse
panorama, o teste de uma série de derivados estruturais planejados do eugenol
pode favorecer o avanco na busca da otimizacdo e consequente aumento da
poténcia desta atividade. Na procura por aumentar a variabilidade estrutural,
dezesseis compostos foram sintetizados por O-acilacdo e O-alquilacdo de hidroxila
fendlica. A avaliacdo da atividade antioxidante baseou-se na capacidade de captura
dos radicais DPPH (2,2-difenil-1-picril-hidrazil) e ABTS (2,2'-azino-bis (acido 3-
etilbenzotiazolino-6-sulfonico)). Além disso, avaliou-se a capacidade antioxidante
desses compostos em sistemas biologicos, utilizando a medida de espécies reativas
do acido tiobarbitarico (TBARS), conteddo de tidis totais e conteldo de carbonilas.
Observou-se que mudancas na posicéo 1 do eugenol sdo importantes, as diferencas
no tamanho e as caracteristicas da cadeia de carbono (alifatico ou aromatico) pode
permitir conhecer as caracteristicas requeridas para aumentar a atividade. Quatro
derivados apresentaram uma concentracao eficiente para diminuir 50% do radical
DPPH (ECs0)<100 pM, e trés desses também reduziram o radical ABTS, o que
demonstra o bom potencial antioxidante dessas moléculas. Os efeitos antioxidantes
dos derivados de eugenol sobre a peroxidacdo lipidica, contetdo total de tidis e
carbonilacdo de proteinas foram eficazes em cortex cerebral, porém, em figado, os
derivados nao foram tdo efetivos. Os nossos resultados sugerem que essas
moléculas sdo promissores agentes antioxidantes.

Palavras-chave: Eugenol. Atividade antioxidante. Compostos fendlicos. Derivados do
eugenol.



Abstract

FARIAS, Marilia Davila. Avaliacdo da atividade antioxidante de derivados semi-
sintéticos do eugenol. 2013. 59f. Dissertacdo (Mestrado) - Programa de POs-
Graduacdo em Bioquimica e Bioprospeccao. Universidade Federal de Pelotas,
Pelotas.

Eugenol, obtained from clove oil (Eugenia caryophyllata), possess several biological
activities. It is anti-inflammatory, analgesic, anesthesic, antipyretic, anti-platelet,
anticonvulsant, antioxidant, antibacterial, antidepressant, antifungal and antiviral.
Phenolic derivatives, as eugenol, are a major class of natural compounds with
antioxidant activity, and they have the ability to neutralize free radicals by transfer of
a single electron. The antioxidant activities of eugenol have already been proven.
From this perspective testing a series of planned structural derivatives of eugenol
helped advance the search for optimization and consequent increase of the potency
of these biological activities. In an attempt to increase structural variability, sixteen
compounds were synthesized by O-acylation and O-alkylation of the phenolic
hydroxyl group. Antioxidant activity capacity was based on the capture of DPPH
radical (2,2-diphenyl-1-picryl-hydrazyl), ABTS radical 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid), besides evaluated the antioxidant capacity of
these compounds in biological systems using of TBARS (thiobarbituric acid-reactive
species), total sulthydryl and carbonyl content. Changes at position 1 of the eugenol
are important, differences in size and features of the carbon chain (aliphatic or
aromatic) could provide information on the required characteristics to increase
activity. Four derivatives presented an efficient concentration able to decrease 50%
of the DPPH radical (ECs0)<100 uM, which has a good potential antioxidant as a free
radical scavenger. Three of these compounds also showed reduction of ABTS
radical. Eugenol derivatives reduce lipid peroxidation, protein oxidative damage by
carbonyl formation and preserves total thiol content in cerebral cortex. But in liver,
they were less effective. Our results suggest that these molecules are promising
antioxidants agents.

Keywords: Eugenol. Antioxidant activity. Phenolic compounds. Eugenol derivative
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1 Introducéo

O eugenol € um composto obtido do éleo de cravo (Eugenia caryophyllata),
gue vem sendo muito empregado como matéria-prima na obtencdo de produtos
farmacéuticos, possuindo relatos de diversas atividades biologicas, tais como:
analgésica (LEE et al.,, 2007), antidepressiva (IRIE; KEUNG, 2004), antioxidante
(OGATA et al., 2000; GULCIN, 2011), anti-inflamatéria (LEE et al., 2007), antiviral
(XIANG; PEN; WANG, 2008), antibacteriana (ALEM; DOUGLAS, 2009), entre outras
(ANUJ et al., 2010).

Diversos estudos demonstraram a capacidade antioxidante do eugenol e dos
seus derivados em inibir a peroxidacédo lipidica induzida por espécies reativas de
oxigénio. Um estudo de estrutura-atividade do eugenol revelou que, além do anel
fendlico, a cadeia lateral tem um papel importante na atividade antioxidante (ITO;
MARUKAMI; YOSHINO, 2005; TANGERINO, 2006).

Os antioxidantes sdo substancias enddégenas ou exdgenas, que reduzem a
formacdo de espécies reativas ou reagem, promovendo sua inativacdo. Essas
espécies podem causar dano celular, assim, para que isso seja evitado, o organismo
possui defesas antioxidantes que controlam os niveis de espécies reativas,
permitindo que essas desempenhem seu papel dentro do metabolismo normal
(HALLIWELL, 2001; HALLIWELL; GUTTERIDGE, 2007).

A formagéo de radicais livres in vivo ocorre via agao catalitica de enzimas
durante os processos de transferéncia de elétrons que ocorrem no metabolismo
celular, assim como pela exposicéo a fatores exdégenos. Quando ocorre desequilibrio
entre a formacgdo de moléculas oxidantes e as defesas antioxidantes, ocorre o que
chamamos de estresse oxidativo. A ocorréncia de um estresse oxidativo moderado,

frequentemente €é acompanhada pelo aumento das defesas antioxidantes
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enzimaticas, mas a producdo de uma grande quantidade de espécies reativas pode
causar danos e morte celular (PIENIZ et al., 2009)

Os vegetais possuem diversos compostos com atividade antioxidante, dentre
esses, encontram-se 0os compostos fendlicos. As propriedades benéficas desses
compostos podem ser atribuidas a sua capacidade de sequestrar os radicais livres.
Dessa forma, os compostos fendlicos podem inibir os processos da oxidacdo em
certos sistemas, muito embora ndo protegendo todos os tipos de danos oxidativos
(OLIVEIRA et al., 2009).

Pesquisas bioldgicas voltadas para antioxidantes e radicais livres tém
produzido resultados promissores no que se refere a novas abordagens
terapéuticas. Conhecendo que o estresse oxidativo contribui para a génese de uma
vasta gama de desequilibrios fisiologicos, que estdo na origem de muitas patologias,
as terapias antioxidantes tém surgido como alternativas para prevencdo e o
tratamento de doencas, com destaque para as degenerativas cronicas, incluindo
cancer, inflamacdo, doencas -cardiovasculares e doencas neurodegenerativas
(doenca de Parkinson e Alzheimer, esclerose multipla, entre outras). Ainda,
demonstrou-se que as espécies reativas de oxigénio (ERO) podem estar envolvias
nas rotas de sinalizacdo e na resposta celular. Também é importante ressaltar que
muitos agentes anti-inflamatérios apresentam atividade antioxidante (HALLIWELL,;
GUTTERIDGE, 2007; GACCHE et al., 2008).

A atividade antioxidante do eugenol ja foi comprovada (OGATA et al., 2000).
Assim, para a obtencao dos derivados do eugenol foram realizadas reagcfes simples
de acilacdo e alquilacdo da hidroxila fendlica. Essas alteragBes almejam a obtencao
de compostos com caracteristicas fisico-quimicas variadas, na presenca de
grupamentos quimicos potencialmente geradores de interagcdes entre a molécula e o
seu sitio alvo. Assim, diferencas no tamanho da cadeia carbdnica e na sua natureza
alifatica ou aromatica poderdo auxiliar na suposicdo do tamanho e da natureza
estérica do sitio. Além disso, poderdo igualmente fornecer potenciais indicios de
algumas possiveis interagbes necessarias, visto que grupamentos doadores e
aceptores de ligacdo hidrogénio, assim como grupamentos possiveis de estabelecer
interacOes ibnicas foram projetados. Por outro lado, a essencialidade da ocorréncia

da hidroxila fendlica para atividade antioxidante seré verificada.



2 Objetivos

2.1 Objetivo geral

O objetivo geral deste trabalho foi projetar e realizar modificacdes estruturais
no eugenol, buscando a obtencdo de analogos bioativos com caracteristicas fisico-
quimicas adequadas e balanco lipofilia/hidrofilia apropriado, visando otimizar sua
solubilidade e permeabilidade através de membranas biolégicas e posteriormente,

avaliar os compostos obtidos quanto a sua atividade antioxidante.

2.20bjetivos especificos

Obter andlogos estruturais na posicdo 1 do eugenol, realizando reacdes de
O-acilacdo e O-alquilacdo da hidroxila fendlica;

Avaliar a capacidade antioxidante in vitro dos derivados do eugenol frente ao
radical 2,2-difenil-1-picril-hidrazila (DPPH);

Avaliar a capacidade antioxidante in vitro dos derivados do eugenol frente ao
radical 2,2’-azino-bis(3-etilbenzenotiazolina-6-acido sulfonico) (ABTS™);

Caracterizar ex vivo a capacidade antioxidante de diferentes derivados do
eugenol em cortex cerebral e figado de ratos Wistar de 30 dias de vida através dos
seguintes parametros:

- Determinacéo de espécies reativas ao acido tiobarbittrico (TBARS);

- Medida do conteudo de carbonilas;

- Medida do conteudo tiolico total.



3 Revisao de literatura

3.1 Produtos naturais

O Brasil apresenta uma grande biodiversidade de espécies vegetais que
constitui uma de suas principais riquezas. Em consequéncia, vem se destacando
como fonte para a obtencdo de novas substancias com finalidade terapéutica
(KORDALI et al., 2008). Segundo a Associagao Brasileira das Empresas do Setor
Fitoterapico, Suplemento Alimentar e de Promocédo da Saude (ABIFISA), 80% da
populacdo mundial utiliza medicamentos originados de plantas medicinais (ABIFISA,
2007).

Nas Ultimas duas décadas, o interesse da humanidade por plantas
medicinais e de seus respectivos produtos, tornou a aumentar, promovendo a
abertura dos mercados nacionais e mundiais na area de fitoterapicos e de plantas
bioativas.

As plantas sdo modelos para a sintese de importantes farmacos, ja que séo
fontes de compostos biologicamente ativos (LIMA et al., 2007; MAGALHAES, 20009).
As plantas fornecem compostos com grande importancia farmacoldgica, inspiradores
da humanidade na descoberta de novos farmacos. Os produtos naturais sdo de
suma importancia em trés grandes pilares a obtencdo de medicamentos:
fornecedoras de fitofarmacos, fornecedoras de precursores para semi-sintese ou
como prototipos para sintese de analogos, fornecedoras de extratos padronizados
para a obtencdo de medicamentos fitoterapicos. Atualmente, sabe-se da importancia
da independéncia das fontes naturais para a geracdo de compostos
terapeuticamente importantes. Consequentemente, a sintese torna-se uma
ferramenta essencial para manter o equilibrio entre producdo em larga escala e
preservacdo ambiental, além de diminuir a forte influéncia das condicdes

edafoclimaticas na obtencdo de um arsenal terapéutico adequado.
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Muitas vezes, os compostos de acdo terapéutica nas plantas medicinais se
apresentam na forma de Oleos essenciais, mistura de substancias volateis,
lipofilicas, geralmente odoriferas e liquidas, também podendo ser chamados de
Oleos volateis. Essa denominacdo deriva de suas caracteristicas fisico-quimicas,
como por exemplo, apresentarem-se geralmente na forma liquida, de aparéncia
oleosa a temperatura ambiente, advindo a designacdo de 6leo, por possuirem baixo
ponto de ebulicdo, geralmente com aroma agradavel e intenso, sendo chamados de
esséncias (MAGALHAES, 2009).

Devido as inUmeras vantagens, 0s compostos obtidos a partir de plantas
medicinais tém sido amplamente utilizados na medicina tradicional. Podemos citar
como exemplos, produtos originados de planta medicinal muito utilizados na
terapéutica, a morfina extraida de Papaver somniferum, a efedrina de Ephedra
vulgaris ,a atropina de Atropa beladona, e o Taxol extraido de Taxus brevifolia entre
outros (PRAKASH; GUPTA, 2005).

As plantas medicinais sdo ricas em metabdlitos secundarios, potenciais
fontes de compostos com atividade biologica de possivel importancia na terapéutica
(PRAKASH; GUPTA, 2005). Uma ampla variedade de metabolitos secundéarios é
produzida pelos vegetais superiores, dentre esses, podem-se encontrar alcaléides,
aminas bioldgicas, glicosideos cianogénicos, terpendides, saponinas, flavondides,
taninos, acidos fendlicos, lignanas, ligninas, entre outros (REGO-JUNIOR et al.,
2011).

3.2 Compostos fendlicos

Fendis sdo compostos que apresentam em sua estrutura, um nudcleo
aromatico com, no minimo, uma hidroxila. Ha relatos sobre a ocorréncia na natureza
dessa classe de compostos, atingindo a ordem de mais de 8.000 compostos
(GULCIN, 2011).

Os compostos fendlicos sdo a principal classe de compostos naturais com
atividade antioxidante, uma vez que possuem a capacidade de neutralizar radicais
livres pela transferéncia de um unico elétron. Nos ultimos anos, vem crescendo 0
interesse em produtos naturais com atividade antioxidante para o uso industrial em
alimentos, bebidas, cosméticos e na geracdo de farmacos. Diversos estudos
relataram a atividade antioxidante de extratos de plantas e sua relacdo com
compostos fendlicos (HIRANO et al., 2001; AABY; HVATTUM; SKREDE, 2004;
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MOREIRA; MANCINI-FILHO, 2004; SILVA et al., 2005; SUN; HO, 2005; SINGH et
al., 2007; SCHERER; GODOQY, 2009).

Como citado anteriormente, esses compostos apresentam atividade
antioxidante comprovada, podendo agir como doadores de atomos de hidrogénio.
Ademais, podem quelar ions metélicos, os quais, quando em estado livre, catalisam
reacoes oxidativas como a reacdo de Fenton e Habber-Weiss (GULCIN, 2011). Os
compostos fendlicos podem reagir “neutralizando” radicais livres, como o radical
superéxido (O,7) e o radical hidroxila (HOY), inibindo assim, a oxidacdo de
componentes celulares (FUJISAWA et al., 2002). A principal caracteristica estrutural
responsavel pela atividade antioxidante de derivados fendlicos é a presenca da
hidroxila fendlica, pois sdo capazes de doar o atomo de hidrogénio para as espécies
reativas, impedindo assim, a propagacdo em cadeia durante o processo de oxidacao
(HIDALGO et al., 2009).

A doacdo do hidrogénio da hidroxila fenolica ocorre através da converséo
em radical fenoxila, que é estavel devido a deslocalizacdo ou dimerizacdo de
elétrons dentro do anel benzénico adjacente. Assim, o radical fenoxila, por possuir
baixa reatividade, ndo reage com muitas macromoléculas, evitando a ocorréncia de
dano. As propriedades antioxidantes do grupo fendlico sdo dependentes da
facilidade com que ele pode perder elétrons para eliminar um radical (NAGABABU et
al., 2010).

Os derivados fendlicos formam o grupo de antioxidantes que mais tem sido
estudado, tais como o &cido cafeico e seus analogos, que sao conhecidos por terem
atividade antiviral, anti-inflamatéria e propriedades antiateroscleroticas (FINDIK;
CEYLAN; ELMASTAS, 2011). Além disso, diversos estudos mostram que compostos
fendlicos sdo eficazes na reducdo da incidéncia de varios tipos de carcinomas,
matando as ceélulas cancerosas e varios microrganismos (FUJISAWA et al., 2002;
HIDALGO et al., 2009).

3.3 Eugenol

O eugenol (4-alil-2-metoxifenol) é um compostomuito utilizado como
especiaria devido ao seu odor forte e como antisséptico dental devido ao seu efeito
detergente (GULCIN, 2011; ITO; MAARUKAMI; YOSHINO, 2005). O eugenol (Figura
1) é uma substancia aromatica natural, farmacologicamente ativa, presente em 6leos

essenciais vegetais. Dentre as plantas produtoras, destacam-se: Eugenia
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caryophylata, “cravo-da-india”; Dicipelium cariophyllatum, “craveiro do Maranhao ou
cravinho”; Ocimum gratissimum, “alfavaca-cravo”; e o Croton zenhtneri, “canela-de-
cunha”; entre outras. Também conhecido como acido eugénico ou cariofilico, o
eugenol é popularmente denominado de esséncia de cravo (ESCOBAR, 2002;
MAGALHAES, 2009; NAGABABU et al., 2010). A primeira atividade bioldgica
relatada do eugenol foi agéo antibacteriana (BARTELS, 1947). Posteriormente,
estudos demonstraram os efeitos do eugenol sobre o sistema imunologico,
reprodutivo, cardiovascular, gastrointestinal, nervoso e urinario (YAO et al., 2012). O
Oleo volatil contendo eugenol é obtido através da destilagdo por arraste a vapor dos
botdes e pedunculos florais de E. caryophyllata da familia das mirtaceas (COSTA,
2000).
A Z

HO
Figura 1 - Estrutura do eugenol

O eugenol possui diversas atividades farmacologicas comprovadas, sendo
utiizado em praticas odontolégicas como antisséptico topico, analgésico e
anestésico local (ESCOBAR, 2002; ROJO et al., 2008; BASKARAN; PERIYASAMY;
CARANI, 2010). Possui atividade antifingica (RAKOTONIRAINY; LAVEDRINE,
2005), antiviral (TRAGOOLPUA; JATISATIENR, 2007), efeito anti-edematogénico
local (BASKARAN; PERIYASAMY; CARANI, 2010) e anti-inflamatério (GULCIN,
2011). Na medicina tradicional, como acontece com outras plantas, o eugenol é
utilizado com propdésitos diferentes, como no tratamento de flatuléncia, diarreia
cronica, colicas, entre outros (BASKARAN; PERIYASAMY; CARANI, 2010).

Foi comprovado, igualmente, que o eugenol retarda o crescimento de alguns
tumores, reduzindo a proliferagdo celular e aumentando a apoptose (YAO et al.,
2012). Por outro lado, apontando o amplo leque de atividades relatadas para esse
composto, ha ensaios mostrando que o eugenol reduz os niveis plasmaticos de
glicose, triacilglicerois, colesterol e das enzimas lactato desidrogenase (LDH),
transaminase glutamico piravica (TGP), transaminase glutamico oxalacética (TGO) e
fosfatase alcalina, demonstrando seu potencial terapéutico como antidiabético,
cardioprotetor, hipolipemiante e agente hepatoprotetor (PRAKASH; GUPTA, 2005).

Em estudos com coelhos, o eugenol mostrou ter acdo vasorelaxante sobre o tecido
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arterial, indicando sua importancia terapéutica como um vasodilatador. Além disso,
esse composto vem sendo usado no tratamento de distarbios imunolédgicos
(PRAKASH; GUPTA, 2005). Além de apresentar diversas atividades comprovadas, o
eugenol é considerado ndo mutagénico e ndo cancerigeno (AWASTHI et al., 2008),
sendo reconhecido como seguro pela Food and Drug Administration (FDA)
(EXPERT COMMITTEE ON FOOD ADDITIVES, 1982) (FUJISAWA et al.,, 2002,
GULCIN, 2011; BASKARAN; PERIYASAMY; CARANI, 2010).

Apesar das diversas atividades biolégicas comprovadas e atribuidas ao
eugenol, o nimero de estudos da otimizacdo de sua atividade em um dado alvo
terapéutico é ainda reduzido. Para avancar nessa area de estudos, é imprescindivel
gue se conheca o mecanismo de acdo da molécula, e consequentemente, os alvos
terapéuticos envolvidos, além do grupamento farmacoforico dos compostos. Nesse
panorama, 0s ensaios de uma gama de derivados estruturais planejados do eugenol

gerardo dados que poder&o auxiliar no seu avanco.

3.4 Radicais livres e antioxidantes

Radicais livres sao moléculas que contém um ou mais elétrons
desemparelhados, o que as torna instaveis e altamente reativas (HALLIWELL;
GUTTERIDGE, 2007). Na década de 1950, Harman propés "a teoria dos radicais",
postulando que os danos a macromoléculas celulares, através da producdo de
radicais livres em organismos aerébios, € um determinante importante ao tempo de
vida (HARMAN, 2001). Posteriormente, foi identificado que muitos agentes
causadores de danos oxidativos a macromoléculas ndo séo radicais livres, mas sim,
espécies reativas (ER), pois ndo possuem elétrons desemparelhados. Assim, uma
versao mais moderna desse principio é a "teoria do estresse oxidativo", a qual
sustenta que o aumento de ER acompanha o envelhecimento, levando a alteracdes
funcionais, condi¢cdes patologicas e até mesmo, a morte (HAGEN, 2003;
HALLIWELL; GUTTERIDGE, 2007; KREGEL; ZHANG, 2007).

Em geral, as ER sao formadas como subprodutos do metabolismo celular,
tanto produzidas acidentalmente quanto de forma proposital. As principais ER
geradas nos sistemas biologicos s@o as espécies reativas de oxigénio (ERO), que
incluem o radical superdxido, perdxido de hidrogénio e oxigénio singleto. Essas ERO
podem ser geradas por diversos fatores internos e externos. Podem ser produzidas

por fontes enddgenas: respiracdo aerobia, inflamacédo e enzimas do citocromo P450;
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ou por fontes exdgenas: ozbnio, radiagbes gama e ultravioleta, medicamentos,
produtos da dieta e cigarro. As ERO podem causar danos oxidativos a lipidios,
proteinas e acidos nucléicos em células vivas (YILDIRIM; MAVI; KARA, 2001;
HALLIWELL; GUTTERIDGE, 2007; GULCIN, 2011; NAGABABU et al., 2010).
Contudo, os danos oxidativos aos sistemas bioldégicos ocorrem apenas quando 0s
niveis de ER superaram os sistemas de defesa antioxidantes protetores das células
(Figura 2) (HALLIWELL; GUTTERIDGE, 2007; PENZ et al.,2009; ROBERTS;
SINDHU, 2009).

Antioxidantes sdo substancias enddgenas ou exdgenas que reduzem a
formacao de radicais livres ou reagem, promovendo sua inativacéo, evitando assim,
o dano celular causado pela presenca de espécies reativas. O organismo possui
defesas antioxidantes enzimaticas, como superoxido dismutase (SOD), catalase
(CAT) e glutationa peroxidase (GPX) e ndo enziméticas, como vitamina C, vitamina
E, B-caroteno, entre outros (HALLIWELL; GUTTERIDGE, 2007; HUANG et al.,
2012).

As ER tém sido relacionadas com as doencas cardiovasculares e
inflamatérias, e apresentam um papel importante no envelhecimento. Os esforcos
para combater os danos causados por essas espécies estdo ganhando aceitacao,
como base para novas abordagens terapéuticas (FINDIK; CEYLAN; ELMASTAS,
2011). Foi descoberto que uma série de doencas, entre as quais, cancer,
aterosclerose, diabetes, artrite, malaria, sindrome da imunodeficiéncia adquirida
(AIDS), possuem alguma relacdo com ERO, seja na sua génese, no seu
agravamento, ou mesmo, na predisposi¢cdo do organismo (BRENNA; PAGLIARINI,
2001; YILDIRIM; MAVI; KARA, 2001; GULCIN, 2011; HUANG et al., 2012).
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- R Dano a protel'_na
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Peroxidacdo Lipidica
Dano ao ADN
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Figura 2 - Visdo geral da geracdo de espécies reativas de oxigénio e os danos
causados (adaptado de ROBERTS; SINDHU, 2009)

O," - Anion Superoxido; SOD - Superdxido dismutase; H,O, - Perbxido de
Hidrogénio; CAT — Catalase; GPX - Glutationa Peroxidase; GSH — Glutationa

reduzida; GSSG - Glutationa oxidada; OH' - Radical Hidroxila.

A utilizacdo de substancias com capacidade antioxidante pode ser de grande
relevancia na prevencgéo e na terapéutica de doencas relacionadas com a ocorréncia
do estresse oxidativo. Dessa forma, os compostos fendlicos, como o eugenol,
podem apresentar uma imensa importancia terapéutica (BRENNA; PAGLIARINI,
2001; YILDIRIM; MAVI; KARA, 2001; DEGASPARI; WASZCZYNSKYJ, 2004).

3.5 Eugenol e a atividade antioxidante

A atividade do eugenol é atribuida a capacidade de doar o atomo de
hidrogénio fendlico, e assim, estabilizar o radical peroxila (ROO") (Figura 3), o que
ocorre de forma mais rapida, em comparacdo ao ataque do radical peroxila no
substrato organico (FUJISAWA et al., 2002).
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ROO" + ArOH — ROOH + ArO
ROO + RH =& ROOH + R' (O, =&+ R0O0)
2RO0O' —Produto Inerte

Figura 3 - Reacéo da atividade antioxidante onde ArOH representa um fenol e ArO o
seu radical fenoxila (Adaptado de FUJISAWA et al., 2002)

O principal mecanismo de acdo dos antioxidantes fendlicos é a eliminacéo
de radicais livres, ainda que outros mecanismos possam estar envolvidos. A
atividade de eliminacdo de radical de compostos fendlicos depende das
caracteristicas estruturais, que favorecem a doacdo de hidrogénio e a estabilidade
do radical fenoxila resultante. Além disso, a extensdo de conjugacdo com a cadeia
de carbono é uma caracteristica molecular que requer alguma atencéo, pois pode
participar por ressonancia na estabilizacédo do radical fenoxila (GULCIN, 2011).

As hidroxilas exercem dois efeitos farmacolégicos principais: alteracdes das
propriedades fisicas e modificacdo da reatividade quimica. Em certos compostos
poli-hidroxilados, as hidroxilas concorrem para a fixacdo do farmaco em seu
receptor, através de ligacdo de hidrogénio. Assim, a eterificacdo e a esterificacao
dessas, podem modificar suas respectivas atividade (MAGALHAES, 2009).

O eugenol é oxidado de forma enzimética ou ndo enziméatica, por meio de
um unico elétron via radical fenoxila e pode ligar-se covalentemente a grupos tiois
em proteinas. As ligacdes duplas sdo responsaveis por eliminar o radical peroxi-
alquila e o radical superoxido, devido a diferenca de potencial de reducéo entre o
radical e o fenol (FUJISAWA et al., 2002). Além disso, Boonstra e Post (2004)
demonstraram que a producdo de ERO, em conjunto a baixas concentracbes de
eugenol, pode ter efeitos sobre o ciclo celular e na transducédo de sinal (ATSUMI et
al., 2005).

Varios métodos tém sido propostos para avaliar a atividade antioxidante dos
compostos puros e dos extratos de plantas. Em um estudo de Fujisawa et al (2002),
sugere-se que o eugenol sofre reacdes de dimerizacdo ou acoplamento entre seu
radical e o radical do DPPH.

Gulcin (2011) investigou as seguintes capacidades do eugenol: inibicdo da

peroxidacao lipidica, poder de reducdo antioxidante do ion férrico, poder de reducdo
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antioxidante do ion cuprico (CUPRAC); atividade frente aos radicais DPPH e ABTS e
potencial scavenger de anion superoxido e peroxido de hidrogénio, obtendo
resultados satisfatorios em todos os testes. Ito, Marukami e Yoshino (2005)
mostraram que os compostos derivados do eugenol inibiram a peroxidacao lipidica,
mediada por ferro e a oxidacdo da LDL (lipoproteina de baixa densidade). Em outro
estudo, foi verificado que o eugenol tem um excelente poder redutor e exerce
atividade antioxidante frente ao radical DPPH e peroxidacéao lipidica. Além disso, foi
demonstrado que a oxidacdo do ADN exposto a reacdo de Fenton pode ser
protegido por eugenol (NAM; KIM, 2013).

Varios estudos tém demonstrado a capacidade antioxidante do eugenol e
dos compostos derivados (como isoeugenol), para inibir a peroxidacdo lipidica
induzida pelas ERO. Ainda, tem sido mostrado que o eugenol e os seus derivados
inibem a formacdo do radical superoxido no sistema xantina-xantina oxidase,
podendo inibir a geracdo de radicais hidroxila, bem como, evitar a oxidacéo de Fe?*
na reacdo de Fenton que gera o radical (HIDALGO et al., 2009).

Portanto, esses resultados suportam que o eugenol pode ser um candidato a
agente terapéutico na prevencdo e no tratamento de doencas induzidas pelo
estresse oxidativo, uma vez que atua como agente antioxidante. O eugenol pode
apresentar efeito benéfico em diversas doencas como cancer, doencas coronarias,
doencas inflamatérias, distlurbios e degeneracéo neuroldgicas (NAM; KIM, 2013). Os
compostos derivados do eugenol podem ser antioxidantes mais potentes do que as
vitaminas E e C e os carotendides. Sua atividade antioxidante depende da estrutura
quimica, mais especificamente, depende da capacidade de doar hidrogénio ou
elétrons e deslocalizar o elétron ndo emparelhado na estrutura aromatica. Suas
propriedades antioxidantes também estdo relacionadas com a protecdo de

moléculas biolégicas contra a oxidag&o (VILLANO et al., 2005).
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ARTIGO CIENTIFICO

Todos o0s resultados dessa dissertacao
serdo apresentados na forma de artigo
cientifico, submetido ao periodico
internacional, conforme Anexo 1.
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Abstract

Eugenol, obtained from clove oil (Eugenia caryophyllata), possess several biological
activities. It is anti-inflammatory, analgesic, anesthesic, antipyretic, anti-platelet, anti-
anaphylactic, anticonvulsant, antioxidant, antibacterial, antidepressant, antifungal
and antiviral. The antioxidant activities of eugenol have already been proven. From
this perspective testing a series of planned structural derivatives of eugenol might the
search for optimization and consequent increase of the potency of these biological
activities. In an attempt to increase structural variability, sixteen compounds were
synthesized by acylation and O-alkylation of the phenolic hydroxyl group. Antioxidant
activity capacity was based on the capture of DPPH radical (2,2-diphenyl-1- picryl-
hydrazyl), ABTS radical 2,2'-azino-bis(3- ethylbenzothiazoline-6-sulphonic acid)5,
measure of TBARS (thiobarbituric acid-reactive species), total sulfhydryl and
carbonyl content. Four derivatives presented an efficient concentration to decrease
50% of the DPPH radical (ECso) <100 uM, which has a good potential as a free
radical scavenger. Three of these compounds also showed reduction of ABTS
radical. Eugenol derivatives were effective in reduce lipid peroxidation, protein
oxidative damage by carbonyl formation and increase total thiol content in cerebral
cortex homogenates. In liver, the eugenol derivatives evaluated had no effective. Our
results suggest that these molecules are promising antioxidants agents.

Keywords: Eugenol. Antioxidant activity. Phenolic compounds. Eugenol derivatives.
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Introduction

Eugenol (4-allyl-2-metoxy-phenol) is a phenolic compound and the main
component of clove oil (Eugenia caryophyllata)'?. Eugenol is a natural
pharmacologically active aromatic substance present in essential oils of several
plants® and known for its aroma and medicinal values®. Currently the most common
way to obtain this product is extraction by vapor drag of flower buttons and floral
stems of some plants belonging to the family Myrtaceae®®.

Eugenol already has several proven biological activities. They include anti-

inflammatory™"*, analgesic*'°*?, anesthesic®®, antipyretic®'°, anti-platelet'®, anti-
anaphylactic®®, anticonvulsant’, antioxidant'>%!412, antibacterial*>®12,

I® and antiviral® activities. In traditional medicine, eugenol

6.8,9

antidepressant'?, antifunga

has been used as an antispasmodic in gastrointestinal disorders without

mutagenic and carcinogenic effects®®*2,

Furthermore, there is evidence of its
hepatoprotective effect®®.

Eugenol can prevent lipid peroxidation in the early stages'®. Several studies
showed the antioxidant capacity of eugenol and its derivatives, such as isoeugenol to
inhibit the lipid peroxidation induced by reactive oxygen species. It likewise inhibits
the formation of the superoxide radical in the xanthine-xanthine oxidase system, the
generation of hydroxyl radical, preventing the oxidation of Fe?" in the Haber-Weiss

and Fenton reaction'**®

. A study of eugenol structure-activity revealed that in
addition to the phenolic ring, the side chain has an important role in antioxidant
activity>” .

Normally, in healthy organisms there is a balance between the production of
reactive species and antioxidant defenses. Antioxidants are endogenous or
exogenous substances that reduce the formation of reactive species or react
promoting their inactivation. In order to prevent cellular damage, which can be
caused by the presence of these species, the organism has enzymatic and non-
enzymatic antioxidant defenses®*’.

Antioxidant therapies have emerged as alternatives for treating chronic
degenerative diseases including cancer, inflammation, cardiovascular diseases and
neurodegenerative diseases (such as Parkinson and Alzheimer, multiple sclerosis),
and thus biological research aimed at antioxidants and free radicals have produced

promising results with regard to new therapeutic approaches®’. Furthermore, it has
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been shown that antioxidants may be involved in signaling pathways and cellular
responses and that many anti-inflammatory agents also present antioxidant activity™®.

The technological advances that have contributed to the search for new
compounds involve the discovery of new molecular tools and evolution of analytical
techniques, purification and organic synthesis, resulting in more effective active
and/or less toxic substances, which can be used as prototypes of drugs with
pharmacological activities similar to or larger than the originals™.

The antioxidant activities of eugenol have been already confirmed. Thus the
attempt at optimization and consequent increase in the biological activities of eugenol
requires knowledge of its mechanism of action, its therapeutic targets and its
pharmacophoric groups. Hence, testing a range of planned structural derivatives of
eugenol helped increase this knowledge.

The aim of this study was to perform structural changes in eugenol to obtain
compounds and evaluate their antioxidant capacity and radical scavenging effect.
The radical scavenging activity was evaluated by DPPH and ABTS scavenging tests;
antioxidant activity was assessed by TBARS (measure of lipid peroxidation) and

carbonyl and thiol content (parameters of protein oxidation).

Materials and Methods

All the reagents were used as purchased from commercial suppliers without
further purification and solvents were freshly distilled *H and **C NMR spectra were
recorded on a Brucker Advance Il instrument (400 MHz) and AC200 (200 MHz) .
TMS was used as internal standard for 'H NMR and CDCl; for **C NMR. The
progress of the reactions was monitored on a thin layer chromatography (TLC) and
Shimadzu GC-MS-2010SE Gas Chromatograph equipped with an Rtx-Wax
polyethylene glycol capillary column (0.25 mm x 30 m) and a Mass detector
(Shimadzu®, Japan).

Chemistry
Chemical data on synthesized compounds
All Eugenol derivatives were prepared at the Laboratory of Bioactive

Heterocycles and Bioprospection (LAHBBIO).
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Synthesis of eugenol derivatives 11-19

Eugenol (10 mmol) was dissolved in the solution of NaOH (12 mmol). The
solution was placed in a flat-bottomed flask and the respective chloride derivative (10
mmol) was added. The mixture was stirred at room temperature on agitation for 30
min. After consumption of the starting material the reaction medium was extracted
with dichloromethane (3 x 10 mL) and washed with Na,CO3; 5%. The solvent was
dried with anhydrous Na,SO, and evaporated under reduced pressure the pure

products were obtained by recrystallization from ethanol.

Synthesis of eugenol derivatives 27-33

In one flask K,CO3; (20mmol) was added, dissolved dried acetone (40 mL)
and eugenol (10 mmol), followed by the respective addition of alkyl chloride (10
mmol) and stirred at reflux for 2 hours. After complete consumption of the starting
material (TLC) the reaction was cooled, filtered and washed with acetone (20 mL).
The organic solvent was evaporated under vacuum. The final product was
resuspended in dichloromethane (50 mL) and washed with H,O (2 x 25 mL).The
organic extract was dried under anhydrous Na,SO, and the residual solvent was

evaporated in vacuum. Pure product was obtained by column (n-Hexane: AcOEt

gradient).
X
R——
o) = o
OH
+ ¢ AN NaOH (aq) (0]
~ o~ | " /\/©:
7
1 2-10 = o~
11-19

Scheme 1. Reaction of obtaining derivatives 11-19

OH O—R,
/\/@: + R1C| Acetone /\/@:
—_—
= O/ K,CO, = O/
1

20:26 27-33

Scheme 2. Reaction of obtaining derivatives 27-33
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4’-allyl-2’-methoxyphenyl-benzoate (11): Chemical Formula: C17H1603; MS
m/z: 268.11; NMR Data *H NMR (400MHz): & (ppm) 8.19 (2H, CgHs); 7.55 (1H,
CeHs); 7.46 (2H, CgHs); 7.06 (1H, Ce¢H3-O); 6.79 (2H, CgH3); 5.97 (1H, CH,=CH.-
CH,); 5.10 (2H, CH»=CH,-CH,); 3.87 (3H, OCHa); 3.38 (2H, CH,=CH,-CH,),**C NMR
(100MHz): 40.1 (CH,-CH,-CgHs); 56.0 (O-CHs); 113.1 (Cm-CgHs); 116.0 (CH,=CH,-
CHy); 120.7 (Co- CgH3); 122.6 (Cm-CgH3-0); 128.6 (O=C-Ci-CgHs); 133.2 (Cp-CeHs);
137.0 (CH,-Cp-CgHs); 138.4 (O-Ci-CgHs); 138.9 (CH,=CH,-CHy); 151.4 (Co — CgHs-
OCHg); 164.8 (C=0); Yield= 86%; MP=57-58°C.
4’-allyl-2’-methoxyphenyl-2-fluorobenzoate (12): Chemical Formula:
C17H15FO3; MS m/z: 286.10; NMR Data *H NMR (400MHz): & (ppm) 8.22 (2H, CeHa-
F); 7.22 (2H, CgH4-F); 7.16 (1H, CgH3); 6.83 (2H, Ce¢H3); 5.98 (1H, CH,=CH,-CH,);
5.11 (2H, CH,=CH,-CH,); 3.78 (3H, OCHa); 3.39 (2H, CH,=CH,-CH,) *C NMR
(100MHz): 39.9 (CH2-CH,-CgHgs); 55.9 (O-CHj3); 113.2 (Cm-CgH3-O); 115.5 (Cm-
CsHa(2-F)- C=0); 115.7 (CH,=CH,-CHy); 116.1 (Ci-CgH3-C=0); 120.8 (Co-CgH3-0);
122.6 (Cm-CgH3-0); 125.9 (Cm-CgH4-C=0); 132.8 (Co-CeH4-C=0); 137.1 (CH,-Cp-
CsHs); 138.3 (Cp — CgHs-C=0); 139.2 (Ci-CgH3-0); 151.2 (CH,=CH,-CH,); 163.8
(CH30-Co-CgH3-0); 164.8 (F-Co-CgH,); 167.4 (C=0) ; Yield= 67%; MP= 59-60°C.
4’allyl-2’-methoxyphenyl-3-bromobenzoate (13): Chemical Formula:
C17H15BrOs; MS m/z: 346.02; NMR Data *H NMR (400MHz): & (ppm) 8.33 (1H, CgHa-
Br); 8.11 (1H, CgH4-Br); 7.71 (1H, Ce¢Hy4- Br); 7.34(1H, CgHy4-Br); 7.05 (1H, CgHs);
6.80 (2H, Cg¢H3); 5.95 (1H, CH,=CH,-CHy); 5.11 (2H, CH,=CH,-CH,); 3.77 (3H,
OCHs); 3.38 (2H, CH»,=CHy»-CH,),*C NMR (100MHz): 40.1 (CH,-CH,-CgHs); 55.9 (O-
CHj3); 113.2 (Cm-CgH3-0); 116.1 (CH,=CH»-CH,); 120.8 (Cm-CgH3-0); 122.6 (Br-Cm-
CsHa); 122.5 (Co-CgH3-0); 128.7 (Co-CeHa(3-Br)C=0); 130.0 (Cm-CgH4(3-Br)C=0);
131.6 (Ci-CgH4(3-Br)C=0); 133.1 (Cp-CeH3-0); 136.2 (Ci-CgH3-0); 137.0 (CH,=CH,-
CHy); 138.2 (Cp-CgH4 (3-Br)-C=0); 139.2 (Co-CgH4-C(Br); 151.2 (OCH3-Co-CgH3-0);
163.4 (C=0); Yield= 90%; MP= 54-56°C.
4’-allyl-2’-methoxyphenyl-4-methoxybenzoate (14): Chemical Formula:
C1sH1504; MS m/z: 298.12; NMR Data *H NMR (400MHz): & (ppm) 8.10 (2H, CgHa-
OCHg); 7.28 (2H, CgH4-OCHy3); 7.05 (1H, CgH3); 6.80(2H,Ce¢H3); 5.98 (1H, CH,=CH,-
CHy); 5.12 (2H, CH,=CH,-CHy;); 3.78 (3H, OCHpy); 3.38 (2H, CH,=CH,-CHy,), 2.42
(3H, OCHs); C NMR (100MHz): 21.8 (CH»-CH»-CgHs); 40.3 (CgH3-O-CHs); 56.1
(CeH4-O-CHj3); 113.4 (Cm-CgH3-0); 116.1 (CH,=CH,-CHy); 121.0 (Co-CgH3-0); 123.0
(Cm-CgH3-0); 127.1 (Ci-CgH4(40CHS3)-C=0); 129.1 (Cm-CgH4(40OCHgz)-C=0); 130.3
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(Co-CgH4-(40CHj3)-C=0); 137.1 (Cp CgH3-O); 138.6 (Ci-CgH3-0O); 139.0 (CH2=CH.-
CHy); 144.3 (OCH3-Co-CgH3-0); 151.5 (Cp-CsH4 (40CH3)-C=0); 165.1 (C=0); Yield=
43% ; MP=170-171°C.

4’-allyl-2’-methoxyphenyl-3-chlorobenzoate (15): Chemical Formula:
C17H15ClO3; MS m/z: 302.07; NMR Data *H NMR (400MHz): & (ppm) 8.18 (1H, CeHa-
Cl); 8.17 (1H, CgHs-Cl); 7.56 (1H, CeH4-Cl); 7.05 (1H,CgHs); 6.0(2H, CgHs); 5.97
(1H, CH,=CH,-CH)); 5.12 (2H, CH,=CH,-CH,); 3.78 (3H, OCHS3); 3.37 (2H,
CH,=CH,-CH,),"*C NMR (100MHz): 40.1 (CH,-CH,-CgHs3); 56.0 (CgHs-O-CHs); 113.2
(Cm-CgH3-0); 116.1 (CH,=CH,-CHy); 120.8 (Cm-Cg¢H3-0); 122.6 (Co-CgH3-0); 128.3
(Ci-CgH4(3CI)-C=0); 129.7 (Co-CgH4(3CI)-C=0); 130.2 (Cm-CgH4-(3CI)-C=0); 131.5
(Co-CgH4 (3CI)-C=0); 133.3 (Cp- CeH4(3CI)-C=0); 134.7 (Cm-CgH4-Cl-(C=0)); 137.0
(Cp-CsH3-0); 128.2 (Ci-CgH3-0); 139.2 (CH,=CH,-CHy); 151.2 (OCHj3-Co-CgH3-0);
163.6 (C=0); Yield= 31%; MP= 48-50°C.

4’-allyl-2’-methoxyphenyl-4-fluorobenzoate (16): Chemical Formula:
C17H15FO3; MS m/z: 286.10; NMR Data *H NMR (400MHz): & (ppm) 8.21 (2H, CeHa-
F); 7.12 (2H, Ce¢Hy-F); 7.05 (1H, CgeH3); 6.8 (2H, CsHs); 5.98 (1H, CH,=CH,-CH,);
5.11 (2H, CH,=CH,-CH,); 3.78 (3H, OCHs); 3.49 (2H, CH,=CH,-CH,), *C NMR
(100MHz): 40.1 (CH»-CH»-CgHs); 56.0 (CgHs-O-CHs); 113.2 (Cm-CgHs-O); 115.7
(Cm-CgH4-(4F)-C=0); 120.7 (CH,=CH,-CH;); 122.6 (Co-CgH3-0O); 125.9 (Cm-CgHs-
0); 132.8 (Co-CgH4(4F)-C=0); 137.0 (Ci-CgH4(4F)-C=0); 138.3 (Cp-CsH3-0); 139.1
(Ci-CgH3-0); 151.2 (CH,=CH,-CHy); 163.7 (OCH3-Co-CsH3-0); 164.7 (C=0); 167.3
(Cp-CsH4(4F)-C=0); Yield= 64%; MP= 59-60°C.

4’-allyl-2’-methoxyphenyl-4-methylbenzoate (17): Chemical Formula:
C1sH1503; MS m/z: 282.13; NMR Data *H NMR (400MHz): & (ppm) 8.07 (2H, CgHa-
CH3); 7.20 (2H, CgH4-CH3); 7.03 (1H, CeH3); 6.77 (2H, CeH3); 5.92 (1H, CH,=CH.-
CHy); 5.06 (2H, CH,=CH,-CHy); 3.76 ( 3H, OCHz3); 3.37 (2H, CH,=CH,-CH,), 2.4 (3H,
CH3); *C NMR (100MHz): 21.6 (CHs); 40.1 (CH,-CH»-CgHs); 55.9 (CgH3-O-CHs);
113.2 (Cm-CgH3-0); 115.9 (CH,=CH,-CHy); 120.8 (Co-CgH3-0); 122.8 (Cm-CgHs-0);
126.7 (Ci-CgH4(4CH3)-C=0); 129.2 (Cm-CgH4(4CH3)-C=0); 130.3 (Co-CgHs-(4CHj3)-
C=0); 137.1 (Cp-Ce¢H3-0); 138.5 (Ci-CeH3-0); 144.4 (CH,=CH,-CHy); 151.3 (Cp-
CsH4-(4CH3)-C=0); 164.8 (OCH3-Co-CgH3-0); 171.5 (C=0); Yield= 64%; MP= 93-
95°C.

4’-allyl-2’-methoxyphenyl-4-nitrobenzoate (18): Chemical Formula:
C17H1sNOs; MS m/z: 313.10; NMR Data *H NMR (400MHz): & (ppm) 8.11 (2H, CgHa-
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CH3); 7.26 (2H, CgH4-CH3); 7.00 (1H, CgHs); 6.82 (2H, CgHs); 5.97 (1H, CH,=CH,-
CH,); 5.14 ( 2H, CH,=CH,-CH,); 3.78 (3H, OCHs); 3.39 (2H, CH,=CH,-CH,), 2.40
(3H, CH3); C NMR (100MHz): 21.6 (CHs); 40.2 (CH,-CH»-CgHs); 55.9 (CgHs-O-
CHa;); 113.1 (Cm-CgH3-0O); 115.9 (CH»,=CH,-CH,); 120.8 (Co-CgHs-0); 122.8 (Cm-
CeH3-0); 124.3 (Ci-CsHa(4NO,)-C=0); 126.1 (Cm-CgHa(4NO,)-C=0); 133.2 (Co-
CsHa-(4NO,)-C=0); 137.1 (Cp-CgH3-0); 138.5 (Ci-CgHz-0); 144.2 (CH,=CH,-CHy);
151.3 (Cp-CgHa-(4CH3)-C=0); 164.8 (OCH3-Co-CgH3-0); 171.5 (C=0); Yield= 77%;
MP=75-77°C .

4’-allyl-2’-methoxyphenyl-2-nitrobenzoate (19): Chemical Formula:
C17H15NOs; MS m/z: 313.10; NMR Data *H NMR (400MHz): & (ppm) 8.10 (2H, CeHa-
CH3); 7.26 (2H, CgH4-CH3); 7.02 (1H, CgHs); 6.82 (2H, CgHs); 5.97 (1H, CH,=CH,-
CH,); 5.11 (2H, CH»=CH»-CH,); 3.78 (3H, OCHa); 3.39 (2H, CH,=CH»-CH,), 2.41
(3H, CH3); *C NMR (100MHz): 21.6 (CHs); 40.1 (CH,-CH,-CgHs); 55.9 (CgHs-O-
CHs); 113.2 (Cm-C¢H3-0O); 115.9 (CH,=CH,-CH,); 120.8 (Co-CgH5-O); 122.8 (Cm-
CgH3-0); 126.9 (Ci-CgH4(4NO,)-C=0); 129.2 (Cm-CgHi(4 NO,)-C=0); 130.2 (Co-
CeHa-(4 NO,)-C=0); 137.1 (Cp-CeHz-0); 138.5 (Ci-CgH3-O); 144.2 (CH,=CH,-CH,);
151.3 (Cp-CgHa-(4CHs)-C=0); 164.8 (OCH3-Co-CgH5-O); 171.5 (C=0); Yield= 81%;
MP=57-58°C

1-(4’-allyl-2’-methoxyphenyl)-3-methylbutanoate (27): Chemical Formula:
Ci5H2003; MS m/z: 248.14; NMR Data *H NMR (400MHz): & (ppm) 6.89 (3H, CgHs);
5.9 (1H, CH,=CH,-CH,); 5.10(2H, CH,=CH,-CH,); 3.8(3H, OCHs); 3.4 (2H,
CH,=CH,-CH,); 2.4 (2H,C-CH,-CH); 2.3 (1H, CH3-CH-CHjz); 1.10 (3H, CH3-CH-CHj);
13C NMR (100MHz): 22.4 (CH3-CH-CHa); 25.9 (CH3-CH-CHs); 40.1 (CH3-CH-CHs);
43.1 (CH,-CH,-CgHs); 55.7 (O-CHa); 112.7 (Cm-CgHs); 116.1 (CH,=CH-CH,); 120.7
(CM-CgH3-0); 122.5 (Co- CgHs); 137.1 (CH,=CH-CH,); 138.8 (CH,-Cp-CgHs); 150.9
(O-Ci-CgHs); 171.2 (Co — CgH3-OCHz); 191.74 (C=0); Yield= 61%; Oil.

1-(4’-allyl-2’-methoxyphenyl)-pentanoate  (28): Chemical Formula:
Ci1sH2003; MS m/z: 248.14; NMR Data *H NMR (400MHz): & (ppm) 6.89 (3H, CgH3);
5.9 (1H, CH,=CH,-CH,); 5.10(2H, CH,=CH,»-CHy); 3.8(3H, OCHs); 3.3(2H, CH,=CH,-
CH,); 2.6(2H, O-CH,-CH,); 1.8 (2H, O-CH,-CH,); 1.5 (2H, CH,-CH»-CHs); 1.0 (3H,
CH,-CH,-CHs); *C NMR (100MHz): 13.7 (CH,-CHs); 22.2 (CH,-CHs); 27.1 (CH,-
CH,-CH,); 33.8 (O-CH,); 40.1 (CH,-CH,-CgHs); 55.8 (O-CHa); 112.8 (CH,=CH-CH);
116.1 (Cm-CgHs3); 120.7 (Co- CgHs); 122.5 (Cm-CgHs-O); 137.1 (CH,=CH-CH,);
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138.8 (CH2-Cp-C¢Hs); 146.5 (O-Ci-CgHs); 150.9 (Co — CgH3-OCH3); 172.0 (C=0);
Yield= 43%; Oil .

4’-allyl-2’-methoxyphenyl-2-phenylacetate  (29): Chemical Formula:
C17H1603; MS m/z: 268.11; NMR Data ‘*H NMR (400MHz): & (ppm) 8.2- 7.5 (5H,
CeHs); 7.10 (3H, CgHs); 5.9 (1H, CH,=CH»-CH,); 5.10 (2H, CH,=CH,-CH,); 3.8 (3H,
OCHjs); 3.4(2H, CH,=CH»-CH5); **C NMR (100MHz): 40.1 (CH,-CH,-CgHs); 55.9 (O-
CHg3); 112.9 (Cm-Cg¢H3); 116.1 (CH,=CH,-CH,); 120.8 (Cm-CgH3-O); 122.7 (Co-
CeHs); 128.5-133.4 (CgHs); 137.1 (CH»-Cp-CgHs); 138.3 (O-Ci-CgHs); 139.1
(CH2=CH,-CHy); 151.2 (Co — CgH3-OCHp3); 164.9 (O=C-CgHs); Yield= 98%; Oil.

4-allyl-2-methoxy-1-phenethoxybenzene  (30): Chemical Formula:
C16H2002; MS m/z: 268.15; NMR Data *H NMR (400MHz): & (ppm) 7.3 (5H, CgHs);
6.89 (3H, Ce¢Hs3); 5.9 (1H, CH,=CH,-CH,); 5.10 (2H, CH,=CH,-CHy); 3.89 (3H, OCHj3);
3.7(2H, O-CH,-CH,); 3.3(2H, CH,=CH,-CH,); 3.10 (2H, O-CH,-CH,); *C NMR
(100MHz): 38.2 (CH,-CH2-CgHs); 39.9 (CH,-CH3-CgHs); 46.0 (CH2-CH,-CeHs); 55.9
(O-CHg); 111.2 (Cm-CgH3); 114.3 (Co- CgHgs); 115.5 (Cm-CgH3-0); 121.2 (CH,=CH,-
CHy); 126.9 (CH,-Cp-CgHs); 128.6- 137.9 (CeHs); 131.9 (CH,=CH,-CHy); 138.1
(CH2=CH,-CHy); 143.9 (O-Ci-C¢Hs); 146.5 (Co — CgH3-OCHy3); Yield= 70%; Oil.

4-allyl-2-methoxy-1-phenpropoxybenzene (31): Chemical Formula:
C1oH202; MS m/z: 282.16; NMR Data *H NMR (400MHz): & (ppm) 7.3 (5H, CgHs);
6.89 (3H, Ce¢Hz3); 5.9 (1H, CH,=CH,-CH,); 5.10 (2H, CH,=CH,-CHy); 3.89 (3H, OCHj3);
3.5(2H, O-CH2-CHy); 3.3(2H, CH,=CH,-CH,); 2.8(2H, CH,-CH,-CH,); 2.1(2H, CH.-
CH,-CgHs); *C NMR (100MHz): 32.8 (CH»-CH,-CH,); 34.0 (CH,-CH,-CgHs); 39.9
(CH,-CH,-CgHs); 44.2 (CH,-CH,-CgHs); 55.9 (O-CHa3); 111.1 (Cm-CgHs); 114.3 (Co-
CsHs); 115.5 (Cm-CgH3-0); 121.2 (CH,=CH,-CHy); 126.1- 126.5 (CgHs); 131.9 (CH»-
Cp-CsHs); 137.8 (CH,=CH,-CH,); 143.9 (O-Ci-CgHs); 146.5 (Co — CgH3-OCHp);
Yield= 66%; Oil.

4-allyl-2-methoxy-1-propoxybenzene (32): Chemical Formula: Ci3H150;
MS m/z: 206.13; NMR Data ‘H NMR (400MHz): & (ppm) 6.8 (3H, C¢Hs); 5.9 (1H,
CH,=CH,-CH); 5.10 (2H, CH,=CH,-CH,); 3.88 (2H, O-CH,-CH,); 3.82 (3H, OCHy);
3.4 (2H, CH,=CH»-CH,), 2.6 (2H, CH,-CH»-CHa); 1.3(3H, CH,-CH»-CHa3); *C NMR
(100MHz): 9.2 (CH2-CHg); 27.4 (CH,-CHj3); 40.1 (CH,-CH2-CgHs); 55.8 (O-CHy);
112.8 (Cm-Cg¢H3); 116.1 (Co- CgHs); 120.7 (CH,=CH;-CHy); 122.5 (Cm-CgH3-0);
137.1 (CH,-Cp-CgHs); 138.8 (CH,=CH,-CHy); 150.9 (O-Ci-CgHs); 172.7 (Co — CgHs-
OCHg); Yield=54 %; Oil.
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4-allyl-2-methoxy-1-butoxybenzene (33): Chemical Formula: C14H2002; MS
m/z: 220.15; NMR Data *H NMR (400MHz): & (ppm) 7.27 (2H, Ar-O-CH,); 6.8 (3H,
CsHs); 5.9 (1H, CH,=CH,-CHy); 5.10 (2H, CH,=CH,-CH,); 3.86 (2H, O-CH,-CHy);
3.82 (3H, OCHg); 3.4 (2H, CH,=CH,-CHy); 2.55(2H, CH,-CH,-CH3); 1.8 (2H, CH.-
CH»-CH3);1.1(3H, CH»-CH»>-CH3); *3C NMR (100MHz): 13.6 (CH,-CHs); 18.6 (CH,-
CHs); 35.9 (O-CH2-CHy); 40.1 (CH2-CH,-CgHs); 55.8 (O-CHg); 112.8 (O-CH,-CHy);
116.1 (Cm-CgH3); 120.7 (Co- CgH3); 122.5 (Cm-CgH3-0); 137.1 (CH,-Cp-CgHs); 138.1
(CH,=CH,-CHy); 138.8 (CH,=CH,-CH); 150.9 (O-Ci-CgHs); 171.9 (Co — CgH3-OCHs.
Yield= 93%; Oil.

Antioxidant Activity
DPPH and ABTS radical scavenging activity
The 2,2-diphenyl-1-picryl-hydrazyl (DPPH) free radical-scavenging assay
was performed in accordance with the procedure reported by Brand-Williams et al.
(1995)%° with some modifications. The antiradical activity was defined as the amount
of antioxidant necessary to decrease the initial DPPH concentration by 50% (ECso).
The 2,2-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid (ABTS) radical-
scavenging activity was evaluated as described by Re et al. (1999)* with some
modifications. The percentage of radical scavenging was calculated as TEAC (trolox

equivalent antioxidant capacity).

Subjects and reagents

Male Wistar rats were obtained from the Central Animal House of
Universidade Federal de Pelotas, Pelotas, RS. The animals were maintained on a
12/12h light/dark cycle in an air-conditioned constant temperature (22 + 1°C) colony
room. Rats had free access to a 20% (w/w) protein commercial chow and water. The
Guide for the Care and Use of Laboratory Animals?* was followed in all experiments.
The study was approved by the Ethics Committee of Universidade Federal de
Pelotas, Brazil (CEEA 10263). All chemicals were purchased from Sigma (St. Louis,
MO, USA).

Tissue and homogenate preparation
Thirty—day-old Wistar rats were sacrificed by decapitation without anesthesia.
The cerebral cortex and liver were immediately dissected out and homogenized in 10
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volumes (1:10, w/v) of 20 mM sodium phosphate buffer, pH 7.4 containing 140 mM
KCIl. Homogenates were centrifuged at 750 x g for 10 min at 4°C, the pellet was
discarded and the supernatant was immediately separated and used for the
biochemical measurements.

Hydrogen peroxide (5 mM) and ferrous sulphate (20 pM), which are
responsible for inducing oxidative damage, were added to cerebral cortex and liver
homogenates. Different concentrations of eugenol derivatives (final concentrations
range from 50 to 200 uM dissolved in distilled water) were added to the mixture and
incubated for 1 h at 37°C with inducing damage.

Butylated hydroxytoluene (BHT) 25 uM was used as standard antioxidant.

TBARS assay

Thiobarbituric acid-reactive species (TBARS), an index of lipid peroxidation,
were determined according to the method described by Buege and Aust (1978)?® with
some modifications. Trichloroacetic acid and thiobarbituric acid were added to
samples and incubated for 25 min at 100°C. A calibration curve was performed using
1,1,3,3-tetramethoxypropane following the same treatment as that of the samples.
The absorbance was read at 535 mm, the results were reported as nmol TBARS/ mg

protein.

Total Sulfhydryl Content

Total thiol content was determined using the DTNB (5,5'-dithiobis-2-
nitrobenzoic acid) method, as described by Aksenov and Markesbery (2001)?* with
some modifications. The amount of TNB formed was determined at 412 nm. The

results were reported as nmol of TNB/ mg protein.

Carbonyl assay

Oxidatively modified proteins present an enhancement of carbonyl content
(Stadtman and Levine, 2003)%. In this study, protein carbonyl was assayed by the
method of Reznick and Packer (1994)%, which is based on the reaction of protein
carbonyls with dinitrophenylhydrazine forming dinitrophenylhydrazone, a yellow
compound, measured spectrophotometrically at 370 nm. Results were reported as

nmol carbonyl/mg protein.
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Protein determination

Protein was determined by the Lowry method (1951)?’ using bovine serum

albumin as standard.

Statistical analysis

Data were expressed as mean + standard deviation. The comparisons of
means were analyzed by one-way analysis of variance (ANOVA) followed by the
Duncan test when the F value was significant. A value of P<0.05 was considered to
be significant. Analyses were performed using the Statistical Package for Social
Sciences (SPSS).

Results

Good yields of the products were obtained after short reaction times using
simple synthetic routes. At first, the antioxidant activity of sixteen eugenol derivatives
was evaluated by DPPH and ABTS assay. The eugenol derivatives 28, 30, 31, 32
showed an efficient concentration to decrease DPPH radical with values of ECsp of
60 uM, 43 uM, 19 uM and 59 uM, respectively. Regarding the ABTS radical test, only
compounds 28, 30 and 31 showed a TEAC higher than 0.50 mM (Table 1).

These four compounds, 28, 30, 31 and 32, were tested on lipid peroxidation
in the brain and liver of rats. As shown in Figure 1, these eugenol derivatives were
effective in protecting against lipid peroxidation induced by hydrogen peroxide and
ferrous sulphate in cerebral cortex homogenate. All compounds reduce TBARS
levels at concentrations from 50 to 200 uM 28 [F(5,26) = 103.39; P<0.01]); 30
[F(5,30) = 89.99; P<0.01]; 31 [F(5,46) = 168.54; P<0.01] and (32 [F(5,44) = 37.87;
P<0.01] compared to induced control. In liver (Table 2), 31 [F(5,30) = 18.10;
P<0.001] and 32 [F(5,28) = 12.44; P<0.001] reduce lipid peroxidation at
concentrations from 50 to 200 uM, while 28 reduced TBARS at 100 uM and 200 uM
[F(5,30) = 20.64; P<0.001], compared to induced control.

We tested the effect of eugenol derivatives on total thiol content in the
cerebral cortex and liver of rats. Figure 2 shows that the compounds 30 and 32
significantly modify sulfhydryl levels in the cerebral cortex of rats. Compound 30
[F(5,27) = 9.86; P<0.01] increased at concentrations from 50 to 200 yM while_32
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[F(5,26) = 10.80; P<0.01] increased thiol content at concentrations of 100 and 200
MM, compared to induced control. In the liver of rats, tested compounds did not
modify the total thiol content compared to induced control (Table 2).

We also evaluated the effect of eugenol derivatives on protein oxidative
damage by carbonyl formation. The compounds reduced carbonyl content at
concentrations from 50 to 200 uM compared to induced control (Figure 3) 28 [F(5,34)
= 7.15; P<0.01]; 30 [F(5,19) = 5.98; P<0.01] and 31 [F(5,33) = 4.96; P<0.01].
However, compound 32 reduced carbonyl content only at 200 yM [F(5,30) = 7.54;
P<0.01]. In liver (Table 2), compound 32 [F(5,23) = 10.37; P<0.001] significantly
reduced carbonyl formation at concentrations from 50 to 200 pM, compared to
induced control.

Antioxidant and radical scavenging activities of the compounds were

compared with BHT (standard antioxidant) as positive control.

Discussion

The main structural characteristic responsible for the antioxidant activity of
phenolic derivatives, such as eugenol, is the presence of hydroxyl which can donate
hydrogen atoms, interrupting chain propagation of the oxidative process*’?%. Thus,
these compounds play an important role donating hydrogen atoms, suppressing ROS
formation, acting as metal chelants (which catalyze the Fenton reaction), or also as
enzyme inhibitors/ activators>°*°.

In this study we synthesized eugenol derivatives, attempting to find
compounds with antioxidant action. Some of these compounds have already been
tested for other activities such as 15-lipoxygenase inhibitors and herbicidal
agents®>%?, Sixteen compounds were synthetized with different modifications in the
hydroxyl group at 1-position of eugenol. The synthesis was divided into two blocks.
These conferred different physical-chemical characteristics on the lateral chain of the
compounds obtained.

There are important alterations in position 1 of the eugenol. Differences in
size and in the nature of the carbon chain (aliphatic or aromatic) cause stereo-
electronic variations that help identify characteristics needed to increment the
activities of these molecules. It is known that the pharmacological activities of
eugenol are related to its chemical and structural characteristics, since different

substitutions of the ring can influence the biological activity’. As to antioxidant
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activity, eugenol has the property of neutralizing the alkyl radicals, peroxy and
superoxide, due to the difference in the reduction potential between the radical and
the phenol®®. Insaturations are very valuable for the eugenol activity toward free
radicals.

There are studies proving that the phenolic compounds are more potent
antioxidants than vitamins E, C and carotenoids. For a compound to be classified as
an antioxidant, several methods have been used to evaluate the antioxidant activity
in vitro®,

The antioxidant capacity of the different eugenol derivates was screened
based on the capture of radical DPPH and of radical ABTS. The latter methods are
widely used because they are simple, quick, sensitive methodologies®.

Four compounds of the sixteen eugenol derivatives tested presented ECsp <
100 pM. Derivatives 28, 30, 31 and 32 were promising, since they presented a
smaller ECsq than eugenol, and with an ECsy lower than standard antioxidants such
as BHT (ECso = 60.25 uM).

The DPPH test is an indirect method to determine antioxidant activity. This
method is based on the measure of the reducing ability of antioxidants when dealing
with the DPPH radical, usually expressed as ECsy. The lower the ECso the greater
the radical scavenging efficiency. One of the limitations of this methodology is that
there is no DPPH and similar compounds in biological systems*. Further, many
antioxidant molecules that are capable of reacting with the peroxyl radical could react
slowly, or even be inert in the DPPH test****. In order to complete the screening of
the antioxidant activity, the TEAC was determined. This method is based on the
compound capacity to neutralize the ABTS radical®™®’. In this test, 28, 30, 31,
presented TEAC > 0.50, but only 31 presented TEAC higher than eugenol.

Lipid peroxidation and protein oxidation are two important indicators of
oxidative damage of macromolecules induced by ROS®*. Hence, the compounds that
presented activity in the screening tests (28, 30, 31, 32) were evaluated for their
antioxidant capacity on TBARS and carbonyl and total thiol content in rat brain and
liver. The eugenol derivatives obtained presented significant results in the TBARS
test, proving similar to eugenol at the different concentrations tested (50 to 200 pM)
in cerebral cortex of 30-day old rats, reducing the damaged provoked by the reactive
species. In a study by Nam and Kim (2013)*°, eugenol also had an inhibitory effect

on lipid peroxidation, and this was observed above 25 uM. On the other hand, the
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concentration of 100 uM inhibited 70% of the lipid peroxidation compared to the
control group. But in the liver of these same animals, only a few compounds
presented significant results in lipoperoxidation.

These results are due to the fact that the brain is a lipid rich organ with a low
level of antioxidant defenses. Moreover, it has auto-oxidable neurotransmitters, a
polyunsaturated fatty acid rich neuronal membrane, and a high level of iron*’. On the
other hand, the liver resists damage caused by free radicals, since, besides having
high antioxidant levels, it adapts easily to metabolic changes*.

The sulfhydryl content is inversely correlated with the oxidative damage to
the proteins. Therefore, the reduction of protein thiol groups seen in the in vitro
experiment supplies evidence of reduction of oxidative damage to the proteins. Thiol
groups (SH) are recognized as being essential antioxidants that have the role of
protecting the cellular and extracellular functions against oxidative stress. The
mammal cells from different tissues, including the brain, have a system that regulates
the redox state of thiol protecting the proteins from excessive oxidation*.

The carbonyl content is the main marker of oxidative damage to proteins™®.
The carbonyls can present higher levels due to protein glycation by sugars, the
linkage of aldehydes to proteins, or also due to direct oxidation of the lateral chains of
amino acids caused by free radicals®***. The great majority of compounds tested,
reduced, in the cerebral cortex, the carbonyl content at the concentrations tested, but
in the liver only two compounds had satisfactory results.

Finally, sixteen compounds were synthetized based on structural
modifications in the eugenol. Among these, compounds 28, 30, 31 and 32 presented
radical scavenging activity in the DPPH and ABTS assets. These compounds also
showed antioxidant activity, reducing the lipid peroxidation and protein oxidation in
biological systems. The derivatives that presented promising activities have alkyl or
aryl groups substituting the hydroxyl group of eugenol. They vary mainly the size of
this lateral chain. Alkyl and linear characteristics appear to favor the activity. These
results, even preliminary, show the possibility of the existence of other antioxidant
mechanisms, besides the one that has been well demonstrated involving phenolic
hydroxyl. The latter, widely cited as responsible for the antioxidant activity of eugenol,
is replaced in the derivatives that presented more marked antioxidant activity than
the afore mentioned compound, both in in vitro and ex vivo. Our results show signs

that the presence of phenolic hydroxyl in position 1 of the eugenol is not essential for
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antioxidant activity. This creates a possibility for the occurrence of mechanisms

different from those that go throught he donation of a proton or metal chelation.
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Figure 1 - Effect of eugenol derivatives on thiobarbituric acid reactive species
(TBARS) in the cerebral cortex of rats. Data are expressed as mean + S.D. (n = 6-
15). The levels of TBARS were reported as nmol malonaldehyde per mg protein.
*Significantly different from control (P<0.05). "Significantly different from induced
control (P<0.05). Differences were determined by one-way ANOVA followed by
Duncan’s post hoc. C — Control; I — Induced Control; BHT - Butylated
hydroxytoluene.
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Figure 2 - Effect of eugenol derivatives on total thiol content in the cerebral cortex of
rats. Data are expressed as mean £ S.D. (n = 5-14). The levels of thiol content were
report as nmol TNB per mg protein. *Significantly different from control (P<0.05).
"Significantly different from induced control (P<0.05). Differences were determined by
one-way ANOVA followed by Duncan’s post hoc. C — Control; | — Induced Control;
BHT — Butylated hydroxytoluene.
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Figure 3 - Effect of eugenol derivatives on carbonyl content in the cerebral cortex of
rats. Data are expressed as mean £ S.D. (n = 4-9). The levels of carbonyl content
were report as nmol of carbonyl per mg protein. *Significantly different from control
(P<0.05). ‘Significantly different from induced control (P<0.05). Differences were
determined by one-way ANOVA followed by Duncan’s post hoc. C — Control; | —
Induced Control; BHT — Butylated hydroxytoluene.



Table 1 - Radical scavenging of eugenol derivatives

/O /
RO
Compound R DPPH’ ABTS™
ECso (M) (TEAC)
Eugenol H 72 6.8
(0]
11 >100 <0.50
O F
12 >100 <0.50
(o]
13 )]\@/Br >100 <0.50
(e}

14 )}\Q\ >100 <0.50
OCH,
6

15 )}\@/ >100 <0.50
Cl
(o]

>100 <0.50

16 b >100 <0.50
F
(@]
)‘\@\C




(o]

18 )‘\©\ >100 <0.50
NO,
[6) NO,
19 >100 <0.50
(@]

27 )k/\ >100 <0.50

O
28 M 60 0.77
29 >100 <0.50

(o]

30 -CH,CH,Ph 43 2.10
<& -CH,CH,CH,Ph 19 12.44
32 -CH,CH,CHjs 59 <0.50
33 -CH,CH,CH,CHj3; >100 <0.50

48



49

Table 2 - Effect of eugenol derivatives on thiobarbituric acid reactive species
(TBARS), carbonyl and total thiol content in liver of rats

Concentration (UM)

Eugenol  Control Induced BHT 50 100 200
Deriva-
tives Control
TBARS Eugenol 1.86+0.11 2.33+0.19° 2.13+0.17" 2.25+0.13"  2.21+0.10°  2.19+0.13"
28 1.93+0.06 2.80+0.26" 2.51+0.16"° 2.62+0.17*  2.45+0.09""  2.50+0.12""
30 1.85+0.73  2.25%0.14" 2.07+0.09" 2.50+0,17""  2.48+0.09"  2.46x0.15"
31 1.80£0.06 2.71x0.26" 2.33%0.16" 2.51+0.13"  2.47+0.15"  2.53x0.16"
32 1.68+0.18 2.45x0.25" 2.06x0.17" 2.1240.12"  1.84+0.14"  1.80+0.18"
Total  Eugenol 69.58+16.0 44.60+8.23" 44.93+9.04" 49.00+6.74" 48.27+8.98" 44.68+12.36"
Thiol
28  58.69+9.63 44.50+9.63" 50.91+3.73" 42.87+6.16" 43.24+3.74"  41.42+3.96"
30  69.58+16.0 44.40+8.23" 44.93+9.04" 40.90+17.35" 53.50+15.33" 50.92+9.18"
31  58.69+9.63 44.50+3.79" 50.91+3.73 43.28+9.28"  41.75+6.32"  51.54+4.84"
32  69.58+16.0 44.40+8.23" 44.93+9.04" 42.31#11.11" 57.81+12.08" 51.95+16.71"
Carbonyl Eugenol 5.27+0.42 4.95+0.94 4.92+0.66  5.13+0.65 5.10+0.43 4.53+0.50
28 2.30+0.10  2.52+#0.24  256+0.23  2.44%0.15 2.58+0.22  2.67+0.16"
30 3.16#0.23  3.39+0.19  3.33x0.22  3.160.36 3.19+0.44 3.48+0.48
31 2.30£0.10  2.5240.24  256+0.23  2.65+0.12°  2.46x0.10  2.72+0.14"
32 5.27+0.42  4.95+0.94  4.92+0.66  3.55+0.54"  3.43+0.21"  3.49+0.39"

Data are expressed as mean = S.D (n = 6-12). The levels of TBARS were reported
as nmol malonaldehyde per mg protein, thiol content as nmol TNB per mg protein
and carbonyl content as nmol of carbonyl per mg protein. *Significantly different from
control (P<0.05). "Significantly different from induced control (P<0.05). Differences
were determined by one-way ANOVA followed by Duncan’s post hoc.
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Conclusao

Tendo em vista os resultados obtidos nessa dissertacdo, concluimos que:

. As modificacBes estruturais na posicdo 1 da molécula do eugenol
foram de facil execugédo, os compostos foram obtidos com bons rendimentos e de
forma rapida.

. Quatro derivados do eugenol mostraram-se efetivos frente aos radicais
DPPH e ABTS, alguns deles (28, 30, 31, 32), inclusive com resultados melhores que
do préprio eugenol e do BHT, um antioxidante padrao.

. Os derivados do eugenol que se mostraram promissores frente aos
radicais DPPH e ABTS, também mostraram resultados satisfatorios na
caracterizacéo ex vivo da capacidade antioxidante em cortex cerebral: diminuiram os
niveis de TBARS, diminuiram a oxidacao de proteinas e alteraram o conteudo tidlico
total frente ao estimulo oxidante.

Em conjunto, observamos que os derivados sintetizados apresentam uma
potencial atividade antioxidante em cortex cerebral, porém, em figado ndo foram
obtidos resultados satisfatorios, visto que esse tecido possui resisténcia ao dano
causado pelos radicais livres, pois além de possuir elevados niveis de antioxidantes,
adapta-se facilmente as alteracbes metabdlicas. Dessa forma, é necessario
investigar novos metodos ou modificar as concentracdes dos compostos, para tentar
melhorar a atividade dos mesmos em figado.

Enfim, 16 novos compostos foram sintetizados a partir de modificagbes
estruturais na molécula do eugenol. Dentre esses, os compostos 28, 30, 31 e 32
apresentaram atividade antioxidante. Os derivados que apresentaram atividades
promissoras possuem, substituidos a hidroxila 1 do eugenol, grupamentos alquilicos

ou arilicos, variando, sobretudo, o tamanho dessa cadeia lateral. Caracteristicas



52

alquilicas e lineares parecem favorecer a atividade. Esses resultados obtidos,
mesmo que ainda preliminares, demonstram a possibilidade da existéncia de outros
mecanismos antioxidantes, além daquele ja bem demonstrado, envolvendo a
hidroxila fendlica. Pois essa, amplamente citada como responsavel pela atividade
antioxidante do eugenol, encontra-se substituida nos derivados que apresentaram
atividade mais pronunciada que o referido composto, tanto em testes in vitro, como
em ex vivo. Por fim, os resultados encontrados trazem indicios de que a presenca da
hidroxila fendlica na posicdo 1 do eugenol ndo seja essencial para a atividade
antioxidante, abrindo a possibilidade da ocorréncia de mecanismos diferentes,

daqueles que passam pela doacao de um préton ou pela quelagdo de metais.
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