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RESUMO

Dissertacao de mestrado
Programa de Pés-Graduagdo em Farmacologia
Universidade Federal de Santa Maria

COMPOSICAO QUIMICA E ATIVIDADES BIOLOGICAS DE

Ocimum gratisssimum L.
AUTOR: LENISE DE LIMA SILVA
ORIENTADORA: BERTA MARIA HEINZMANN
Data e Local da Defesa: Santa Maria, 31 de mar@bde.

Ocimum gratissimuni.. (Lamiaceae), conhecida popularmente como aliavaawma planta
amplamente distribuida em regides de clima tropeatemperado. E utilizada como
aromatizante de alimentos e medicinalmente no ctanlba doencas infecciosas. Suas
propriedades bioldgicas tém sido atribuidas a pgesele 0leo essencial rico em timol ou
eugenol. Este trabalho descreve as variagfes afuag e quantitativas nos 6leos essenciais
obtidos a partir dos talos, inflorescéncias e ®ltlesta espécie cultivada no Sul do Brasil em
relacdo ao periodo de coleta. Também descreve laagim da atividade antibacteriana,
toxicidade e teor de eugenol nos extratos etar®lirotos das partes aéreas seca®de
gratissimum obtidos por diferentes metodologias. O Oleo esakrabtido a partir das
inflorescéncias frescas deste vegetal teve suaasig§m quimica, atividade antibacteriana e
toxicidade estudadas. Os 0leos essenciais foraioshypor hidrodestilacdo e analisados por
CG/EM. Os extratos etanolicos foram obtidos atrad@s métodos de maceracdo, soxhlet,
banho de ultrassom, sonda de ultrassom e microso@@ontetdo de eugenol nos extratos
foi determinado por CG-FID utilizando eugenol obtidas partes aéreas @e gratissimum
como padrdo. A avaliagdo da atividade antibactariémi realizada pelo método de
microdiluicdo em caldo (CLSI/NCCLS). O teste dalidiade frente drtemia salinalL. foi
utilizado para andlise da toxicidade. Os consti@simrmajoritarios de todos os Oleos foram
eugenol (52,6 - 89,2 %) gmuuroleno (6,2 — 35,3 %). Apenas 0s Oleos esssndis
inflorescéncias e talos tiveram seus rendimentfiseimciados pela estacdo de coleta. A
pequena variacao no teor de eugenol presente naestencial das folhas indicou ser esta a
melhor parte do vegetal para a obtencdo deste g Oleo essencial das inflorescéncias
foi bacteriostatico (CIM entre 0,5-2 mg/mL) e baicida (CBM entre 1-4 mg/mL) frente a
todas as cepas bacterianas testadas. Os extradosli@is demonstraram diferencas
significativas (P< 0.05) entre si em relacdo a ireedto, teor de eugenol, atividade
antibacteriana e toxicidade. Maior atividade artnobiana foi verificada para os extratos
comparado ao 0leo essencial testado frenfe aureusATCC 25923 e aos isolados &e
cereus MRSA (CIM de 0,66 mg/mL), ESBL 8higella flexner(CIM de 1,32 mg/mL). Acéo
bactericida dos extratos foi obtida principalmentate a bactérias Gram-positivas. Os teores
de eugenol detectados nos extrato®dgratissimummao puderam ser correlacionados com a
atividade bacteriostatica, o que sugere efeitorgio@ entre fito-constituintes. A maceracao
foi considerada como a melhor metodologia paratengfio de extratos etandlicos das partes
aéreas desta espécie. Os resultados de atividdi@mcheriana confirmaram o teste de
toxicidade frente &rtemia salinaL. como um método preditivo deste tipo de ativalad

Palavras-chave®cimum gratissimuncomposicéo, atividade antibacteriana, toxicidade.



ABSTRACT

CHEMICAL COMPOSITION AND BIOLOGICAL ACTIVITIES OF

Ocimum gratisssimum L.
AUTHOR: LENISE DE LIMA SILVA
ADVISOR: BERTA MARIA HEINZMANN

Ocimum gratissimurh. (Lamiaceae), known as alfavaca, is widely sitied in tropical and
warm-temperature regions. It is used as a foodflag and for medicinal purposes against
infectious diseases. Its biological properties ateibuted to the presence of thymol or
eugenol-rich essential oils. This study describealitative and quantitative variations in
essential oils from stems, inflorescences and Ea¥@®. gratissimuni. grown in southern
Brazil, in two harvest periods. The evaluation afenol content, antibacterial activity and
toxicity of the different ethanolic extracts frommietl aerial parts oD. gratissimumwere
studied. Afterwards, the essential oil from fresfiarescences had its antibacterial activity,
toxicity and chemical composition determined. Thssemtial oils were obtained by
hydrodistillation and analyzed by GC/MS. The exisagere obtained by maceration, soxhlet,
ultrasonic cleaning bath, ultrasonic horn and mi@wee-assisted extractionSugenol content
was determined by GC-FID using the pure compouoldtsd from aerial parts of the plant as
reference. Antibacterial activity was assayed byradilution method as established by
CLSI/NCCLS. Toxicity was verified by brine shrimpremia salinalL.) lethality test.The
major compounds of all essential oils were eugébdl6 - 89.2 %) ang-muurolene (6.2 —
35.3 %). The harvest season influenced only thilyief inflorescence and stem essential
oils. The low seasonal variation of eugenol in dssential oil of the leaves indicated that
these are the best source to obtain this compoulmfitbrescences essential oil was
bacteriostatic (MIC between 0.5-2 mg/mL) and bacigal (MBC between 1-4 mg/mL)
against all strains tested. Significant differen@@s0.05) among the extractive methods used
to the obtention of ethanolic extracts were obsgmveall analyses. Higher antimicrobial
activity was verified to extracts compared to tlseential oil tested againSt aureusATCC
25923 and clinical isolate @. cereus MRSA (MIC of 0.66 mg/mL), ESBL an&higella
flexneri (MIC of 1.32 mg/mL). Bactericidal activity of thexeacts was verified in Gram-
positive bacteria. Eugenol content did not explalh differences obtained among the
antimicrobial activities of the tested extracts.eTiesults suggest synergistic action among
phyto-constituents. Maceration was considered #& kxtraction process considering the
biological activities of all extracts. The antinobial avaliation results confirmed the brine
shrimp lethality test as predictive method for @isivity.

Key words:Ocimum gratissimuprcomposition, antibacterial activity, toxicity.
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1 INTRODUCAO

A utilizacdo de produtos naturais como recursopfwdco € tdo antiga quanto a
civilizacdo humana e, por muito tempo, produtoseardrs, vegetais e animais constituiram o
arsenal terapéutico. Com o advento da Revolucaastridl e o desenvolvimento da quimica
organica, os produtos sintéticos foram adquirindimgzia no tratamento farmacolégico. Isto
ocorreu, entre outros fatores, pela maior facikdatk obtencdo de compostos puros,
possibilidade de modificacdes estruturais (comasist farmacos mais ativos e seguros) e pelo
crescente poder econdmico das grandes companmaackuticas (RATES, 2001).

Contudo, nos dultimos anos, tém aumentado o0 inkerass uso de terapias
complementares e produtos naturais, especialmepieles derivados de plantas, também
denominados de fitoterapicos. Entre os fatoreshoptezam esse aumento estdo a insatisfacéo
com os resultados obtidos em tratamentos com a cimadiconvencional, os efeitos
indesejaveis e prejuizos causados pelo uso abwsimo incorreto dos medicamentos
sintéticos, a falta de acesso aos medicamentasiediina institucionalizada, a consciéncia
ecologica e a crenca popular de que o natural #newo (RATES, 2001). Aliado a isto,
também se encontram o maior conhecimento quimamdcoldgico e clinico das drogas
vegetais e seus derivados e o desenvolvimento desnoétodos analiticos de controle de
qualidade e de novas formas de preparacdo e athmpdis (CANIGUERAL,
DELLACASSA, BANDONI, 2003).

O uso de fitoterapicos, em diversos casos, ¢ igmtid pelas vantagens destes em
relacdo a uma substancia pura isolada. Entre estésgens destacam-se aspectos relativos a
sinergia e a associacdao de mecanismos por acaolves raoleculares diferentes pelos
constituintes vegetais; aos menores riscos deosfeblaterais, se forem consideradas as
reduzidas concentracbes dos compostos ativos aatapl e 0S menores custos de pesquisa
(YUNES, PEDROSA, CECHINEL FILHO, 2001).

Além disso, este tipo de terapia corresponde amueicurso terapéutico de parcela da
populacao brasileira e de mais de 2/3 da populdggdaneta (PINTO et al., 2002). Segundo
Funari e Ferro (2005) a distribuicdo mundial docado de fitoterapicos em 2001 foi de 3,9
bilhdes de délares na América do Norte, US$ 685k na Europa, US$ 5,1 bilhdes na Asia,
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US$ 2,3 bilhdes no Japdo, US$ 600 milhdes na Amél Sul e US$ 800 milhdes nos
demais paises e regides, totalizando US$ 19,6ds1h6

E de se destacar que a permanéncia ou entradaradoele produtos fitoterapicos,
em uma época em que as exigéncias de segurarggGife qualidade estabelecidas pelas
agéncias reguladoras de medicamentos se tornaramrig@as, esta relacionada com o
desenvolvimento de estudos cientificos objetivaraloobtencdo de matérias-primas
controladas, por exemplo, através da considerag&olostancias marcadoras, bem como com
o desenvolvimento de tecnologias apropriadas pambtancdo de extrativos vegetais
(SCHENKEL, GOSMANN, PETROVICK, 2004). Neste sentidm desenvolvimento de
modernas técnicas de preparacdo da amostra conificgijyas vantagens sobre as
metodologias convencionais de extracdo e analiggahdas medicinais tem um importante
papel no esforco global de assegurar e provideatimmualidade dos produtos fitoterapicos
para os consumidores mundiais (HUIE, 2002).

Ocimum gratissimunh.. (Lamiaceae), conhecida popularmente como atfavé uma
planta originaria da Asia e Africa de ampla distifiio nas regifes de clima quente
(ALBUQUERQUE, ANDRADE, 1998a). E utilizada na meidia popular de diversos paises,
dentre eles o Brasil, como anti-séptico no tratamele doencas infecciosas (ONAJOBI,
1986; IWU, 1993; MATOS, 1994; MONTALVO, DOMINGUEZ,997; SILVA et al., 2006).
Sua atividade antimicrobiana € bem relatada nealitea, sendo principalmente atribuida a
presenca de Oleos essenciais (NAKAMURA et al.,, 1998JBEY et al., 2000;
SARTORATTO et al.,, 2004; DUARTE et al., 2005). Enntude desta espécie vir sendo
considerada para inclusdo no programa de Fitoge@dpiSistema Unico de Sadde (SUS), a
caracterizacdo de um marcador quimico para o0 rahtegeigetal com vista a seu futuro
controle de qualidade, bem como a escolha de umdméle extracdo que potencialize a
atividade antibacteriana desejada se fazem nemessar

Sendo assim, o presente estudo tem como objetivos:

- A extracdo e analise da composicdo do Oleo esdethas diferentes partes de
Ocimum gratissimum

- A avaliagdo da atividade antibacteriana, toxidelse composicdo dos extratos
etandlicos brutos das partes aéreas seca®aitaum gratissimunobtidos por diferentes
meétodos extrativoe do 6leo essencial obtido a partir das infloresieé@nfrescas deste

vegetal.



15

Esta dissertacdo estd organizada na forma de m#osscAo todo, quatro
manuscritos sdo apresentados, 0s quais se encdotraatados conforme os periddicos aos
quais foram ou serdo submetidos. Destes, trés m@imgssao apresentados como parte dos
resultados e, por isso, estdo inseridos no itemuBtaitos Cientificos. Os temas centrais
abordados séo a andlise da composi¢éo dos Olenxizss e obtencdo dos extratos etandlicos
de O. gratissimumbem como a atividade antimicrobiana e toxicidddedleo essencial das
inflorescéncias e dos extratos obtidos por dife®nietodologias extrativas. Aqueles
resultados que ndo foram abordados em sua integrananuscritos, sdo apresentados como
resultados adicionais.

O item destinado a Revisdo da Literatura apresantdividido em duas partes. Na
primeira é relatada uma descricdo da espécie estud@ximum gratissimuml., suas
caracteristicas botéanicas, usos populares e agnti quimicos. Na segunda, € realizada
uma breve descricdo tedrica dos métodos de extrdgérados neste trabalho. A revisdo da
literatura também contempla o manuscrito 1 apragentomo apéndice. Nele estdo descritos
estudos cientificos de carater anti-infecciosaxetddgico realizados para esta espécie.

Na Discussao Geral, a proposta € realizar uma amtdgpretacdo dos resultados
obtidos, bem como correlaciona-los com os dadol#tetatura. Assim, questdes especificas
dos assuntos abordados nesta dissertacdo sédo ptades junto aos seus respectivos
manuscritos. A dissertacdo € finalizada pelas @gdels do trabalho, Referéncias

Bibliograficas e Anexos.



2 REVISAO DA LITERATURA

2.1 Ocimum gratisssmum Linné

2.1.1 Aspectos botéanicos

Segundo Paton et al. (2004), a espé€ieimum gratissimumL. encontra-se
taxonomicamente classificada como pertencente ailif@am_amiaceae, subfamilia

Nepetoideae, tribo Ocimeae e subtribo Ociminae.

Ocimum gratissimurh. (Figuras 1 e 2) € uma erva de 50-250 cm, de lshosa,
aromatica. Talos eretos de se¢édo quadrangulamsadente ramificados, + glabros
na base, com pélos largos dispersos concentradesnie e no eixo da
inflorescéncia, as vezes + tomentosos sobre odexaflorescéncia. Ramos abertos
ou fechados, lenhosos, com pélos + concentrado$anas, as vezes tomentosos.
Folhas 2-12(23,5) x 1,5-5,5(6,2) cm, de ovadasmi®ds, inteiras ou serrilhadas, de
agudas a cuspidadas, cuneadas, punteado-glandutsass ou com pélos curtos
dispersos sobre as inervagfes; peciolos 0,6-3igenainente achatados, pilosos, as
vezes com o0s pélos confinados na face adaxiabrésténcias laxas ou congestas,
delgadas ou robustas, = ramificadas; ramos lat2ai$(30) cm, que ndo se
sobrep6em em altura ao ramo principal; verticilgasados entre 0,4 e 1 cm ou, as
vezes, adjacentes, que se tocam; eixo da inflanegcésem cicatrizes negras;
bracteas 4-7 x 3-4,5 mm, de ovadas a triangulpegsistentes ou néo, eretas, que se
estreitam notavelmente em direcdo ao apice, isteide agudas a cuspidadas,
cuneadas ou cordadas, pilosas; pedicelos 1,5-3ematys, ligeiramente achatados,
levemente curvados, pubescentes. Célice 2-4,5 mamtese, horizontal, punteado-
glanduloso, ligeiramente reflexo, de subglabrol@spi labio superior decurrente até
a metade superior, de redondeado a acuminadoolmédios e laterais do labio
inferior curtos, de acuminados a cuspidados; célictifero de 4-8 mm de
comprimento, horizontal, levemente reflexo, de bdeatada, subglabro ou piloso,
labio superior acrescente. Corola 4-5,5 mm, branchranco-esverdeada; tubo reto,
glabro, infundibuliforme, algo maior que o tubo dalice; indumento + disperso,
formado por pélos curtos situados no interior deofuébulos do labio superior
arredondados, com poucos pélos no dorso; labicienfevado, inteiro ou sinuoso,
cbncavo, com poucos pélos no dorso, com glandulasem. Estames exertos entre
1 e 2,5mm, os posteriores dotados de apéndicesadolsae pilosos ao redor da
base. Ovario glabro. Niculas 1-1,5 mm, marronsesfébicas; pericarpo punteado-
foveolado, sem mucilagem ou com uma capa incoloexgdemamente fina
(ALBUQUERQUE, ANDRADE, 1998a).
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A esta descricdo Gongalves et al. (2008) acrescesgguinte:

Arbusto com inflorescéncias terminais plurifiorasnges do tipo indefinida,
racimosa, centripeta ou monopodial, com floresadi#s em pedicelos, saindo de
diversos niveis no eixo primario e atingindo difées alturas, com pré-floracdo do
tipo valvar induplicada.

Esta espécie é caracterizada por apresentar umdegrariabilidade morfoldgica,
principalmente no que se refere ao indumento aoetalo calice e na forma da inflorescéncia.
Ainda que estas variacdes sejam importantes, nde pér estabelecida uma diviséo infra-
especifica clara até 0 momento, uma vez que ag@ari@ continua. Ocorrem duas variedades:
var. gratissimum(= O. viride, O. suavee O. guineensee var.macrophyllumBriqg., que se
distingue da primeira por apresentar talos glabtosom pélos curtos e dispersos sobre um
dos lados do talo, folhas glabras ou com pélosedisis sobre as inervagdes inferiores, e eixo
da inflorescéncia piloso. A variedadeatissimumdemonstra geralmente os talos pilosos,
folnas pubescentes e eixo da inflorescéncia torsenfdLBUQUERQUE, ANDRADE,
1998a).

A andlise histologica de folhas, realizada por Alberque, Silva e Pierrot (1998),
permitiu verificar que a mesma exibe o padrdo geeskrito para a familia Lamiaceae. A
folha € dorsiventral, com estdématos diaciticos embas as epidermes. A estrutura vascular
do peciolo é muito variavel. J& Fonseca e Leal@R06rificaram em analise microscépica a
presenca nas folhas de pélos tectores longos @scupluricelulares e unicelulares

respectivamente, encontrados em maior nimero sofpélerme superior.
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Figura 1 — Ocimum gratisssmum L.: A — ramo florido; B — bractea; C — calice florifero;
D- célice frutifero; E — se¢éo longitudinal da corta com estames; F — ndculas; G — tipos
de folhas (FONTE: ALBUQUERQUE, ANDRADE, 1998a).

Figura 2 - Ocimum gratissmum L. — aspecto geral da planta.
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2.1.2 Distribuicéo geografica, dados fenologices@dgicos

A espécieOcimum gratissimunt.. é originaria da Asia e Africa, onde se apresent
como perene; em regides frias é anual. E muitonditia na América tropical, onde foi
adaptada e cultivada. Habita terrenos alternaddgodal, selva e caatinga, sempre ao redor
de habitacbes humanas (ALBUQUERQUE, ANDRADE, 19884t ERT, LUZ, INNECCO,
2004).

E planta descrita como al6gama, cuja propagacaetatign pode ser feita por meio de
estaquias (EHLERT, LUZ, INNECCO, 2004). Em estudeslizados por Gongalves et al.
(2008) a mesma demonstrou indicios de ser prefaterente autbgama, uma vez que houve
maior eficiéncia na autopolinizacdo natural. Alémsd, com relacdo aos insetos, foram

observadas visitas predominantemente das espécfamdiaApidae

2.1.3 Usos medicinais e nomes populares

Alguns nomes populares relatados para a es@@imeum gratissimurh no Brasil sdo
alfavaca, alfavaca-cravo, alfavaca-de-caboclo, vatfa-de-Guiné, alfavaca-da-Ameérica,
alfavaca-do-campo, alfavaca-das-minas, louro, lo@aheiro, louro-cheiroso, quioid,
quioid-cravo, arvore-de-manjericdo e manjericagand (ALBUQUERQUE, ANDRADE,
1998a; DI STASI et al., 2002; EHLERT, LUZ, INNECCg2004). Em relacao a sua utilizacéo
popular, esta tem sido descrita neste pais comidasiande paises africanos e europeus em
consequéncia de ter sido introduzida em solo leiesipor europeus e escravos africanos
durante a época da colonizagdo. Outros usos, amntadstraram-se influenciados pelos
indios americanos (ALBUQUERQUE, ANDRADE, 1998b).

No oeste da Africa, esta planta é utilizada cormafodético, estomaquico, laxante,
anti-séptico, ténico geral, antidiarréico, ingredéeem preparagcdes antimalaricas e como um
tratamento para tosse, febre, dores reumaticas,orn@oes, bronquite e conjuntivite
(ONAJOBI, 1986; IWU, 1993). Em Cuba, usos como esasmodico e em casos de

parasitoses e afeccdes de olhos e ouvidos foraatadels para as folhas (MONTALVO,
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DOMINGUEZ, 1997). No Brasil, o cha e a tintura @eglanta s&o usados como enxaguatorio
bucal e suas partes aéreas como condimento pae (BAATOS, 1994; SILVA et al., 2006).
A Tabela 1 apresentada a seguir mostra outrosdesOs gratissimunrelatados em estudos

etnofarmacologicos brasileiros.

Tabela 1 - Usos populares d&cimum gratissmum no Brasil

Parte do Usos populares (preparacéo) Referéncias

vegetal

Flores Como digestivo, expectorante e calmante e AHCANTARA JUNIOR et
casos de flatuléncia, tosse e prurido. Em casosale2005; ALBUQUERQUE
gripe e dor de cabeca (decocto, xarope), estressea., 2007.
cansaco (banho).

Folhas No tratamento de gripe (banho, decocto,pearddl STASI et al.,, 2002,
infusdo), micose (banho), bronquite, tosSARTORATO et al., 2004;
(infusdo, xarope), resfriado e como diuréticd CANTARA JUNIOR et
(infusdo). Como condimento (fresco), digestival., 2005; DUARTE et al.,
emenagogo, expectorante, purgativo  2605; FRANCO, BARROS,
estomaquico e em casos de dor de cab20@6; ALBUQUERQUE et
(decocto, xarope). Em casos de estresse e canahgo 2007, AGRA,
(banho), flatuléncia, hipertenséo, prurido e corRREITAS, BARBOSA-
calmante. FILHO, 2007; LIMA et al.,

2007, OLIVEIRA,
ARAUJO, 2007.

Raiz Em casos de tosse (xarope), dor de cabB¢&TASI et al., 2002.
(decocto, xarope), diarréia, complicacOes
estomacais e como sedativo para criangas

(decocto).
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2.1.4 Constituintes quimicos

Varios screeningditoquimicos foram realizados co@. gratissimumNa planta seca
as reacOes qualitativas indicaram a presenca deaanesteroides e triterpendides, acucares
redutores, fenois, 6leo essencial, flavonéidespsiaps e quinonas (GARCIA et al., 1998).
Para os extratos metandlico (AKAH, JOHN-AFRICA, NWRQ, 2007; AKINMOLADUN et
al., 2007; BRAGA et al., 2007) e aquoso das folbastestes qualitativos indicaram a
presenca de alcalbides, taninos, esteroides, @ flavonodides, glicosideos cardiotonicos
e saponinas. Além disso, para o ultimo também &ieatada positividade para fendis,
antraquinonas, glicosideos cardioténicos com dempitares, triterpenoides e carboidratos
(AZIBA, BASS, ELEGBE, 1999; OFFIAH, CHIKWENDU, 199EDEOGA, OMOSUN,
UCHE, 2006; OBOH, 2006b; AKINMOLADUN et al., 2007),enquanto que extratos
etandlicos apresentaram reacao positiva para ®ngaponinas, antraquinonas e glicosideos
cardiotbnicos (OBOH, 2006a). No extrato metandties flores foi indicada a presenca de
alcaldides, triterpenoides, taninos e flavon6id@RAGA et al., 2007). Em relacéo a estas
classes de constituintes, alguns teores foramrdetados e encontram-se descritos na Tabela
2.

Tabela 2 - Teores de algumas classes de constitesiemOcimum gratissmum L.

Grupo fitoquimico Teor (Referéncia)

Carotenos 256 = 0,09 mg % no extrato hexanico
(CHANWITHEESUK et al., 2005)

Fendis totais 300 mg % no extrato preparado emomae{OBOH,
2005);

125 = 0,11 mg % no extrato preparado em acetona-
metanol-agua 7:7:6 (CHANWITHEESUK et al., 2005);

0,026 - 0,049 % no extrato aquoso (EDEOGA, OMOSUN,
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UCHE, 2006);
3600 +200 mg % no extrato etandlico (OBOH, 2006a).
Flavondides 1,994 mg % no extrato metandlico (AR@L& al., 2008)

Taninos 243 + 008 mg % no extrato aquoso
(CHANWITHEESUK et al., 2005);

3,512 mg % no extrato metandlico (ARAUJO et alQg)0

Xantofilas 794 £+ 003 mg % no extrato hexanico
(CHANWITHEESUK et al., 2005)

A caracterizacéo fisico-quimica e mineral das ®ltdaO. gratissimuntoi realizada
por Lopes et al(2001) usando diferentes técnicas analiticas ifgetvia, espectrometria de
absorcdo atbmica e molecular e fotometria de chamA®m disso, outras andlises
semelhantes de composi¢do foram realizadas nestelcsee encontram-se descritas na

literatura. Estes dados encontram-se compiladdshbala 3.

Tabela 3 - Caracterizacao fisico-quimica e mineralas folhas deDcimum gratissmum

Composicéo Teores encontrados
LOPES et ALABI, CHANWITHEESUK EDEOGA, IFESAN,
al. (2001); ONIBUDO, et al. (2005) OMOSUN, IJAROTIMI,
AMUSA UCHE OSUNDAHUNSI
ALMtEI:.')A (2005) (mg%) (2006) (2006)
eta
(2003) (%) (%) (%)
(%)
Carboidratos 2,38 66,24 - 75,87 35,61 +0,05
Cinzas totais 10,75 10,25 5,74 - 6,88 15,8007

Fibra Bruta 10,82 9,26 4,88 - 8,48 8,70,89
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Gordura 1,44 13,7 1,06 - 4,90 11,78,89
Proteina Bruta 11,4 9,19-17,94 20,18 +0,09
Umidade 75,47 8,116,10
Vitamina B1 0,0002
Vitamina B6 0,00041
Nicotinamida 0,00086
Vitamina C 0,01535 0.00509 +
0.00006
Vitamina E 0,0206 = 0,0018 0,01334 +
0,00001
Célcio 0,742 0,0648 1,46 - 2,46
Cobre 0,00569
Ferro 0,00335 0,01336
Fosforo 0,06125 0,37-0,91
Magnésio 0,0578 0,0841 0,46 - 0,91
Manganés 0,000685 0,00465
Nitrogénio 1,43 -2,84
Potéssio 0,183 0,08624 1,68-1,9
Saédio 0,060 0,00825 0,6 - 0,85
Zinco 0,000222 0,00685

Em relacd@o a constituintes isolados, do compleXisgaxarideo capsular da semente
de O. gratissimum foi obtida uma xilana acida composta de D-xil¢48%), L-arabinose
(16%), D-galactose (16%), e D-acido galacturoni@®%) (ANJANEYALU, KHAN,
THARANATHAN, 1983). Onajobi (1986) obteve compost@zoavelmente polares a partir
do extrato lipidico bruto das folhas @e gratissimumAcido oleandlico foi isolado a partir

do residuo metandlico das folhas (NJOKU et al., 7J9%nquanto uma mistura de
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hidrocarbonetos alifaticos ¢€ Css, Css € Gs), eugenol, Oxido de cariofileno e uma mistura
de estigmasterol e sitosterol foram obtidos a pddifracdo diclorometanica do extrato das
partes aéreas d@. gratissimumpreparado utilizando uma mistura de hexano: doh@tano:
etanol (1:3:1) como liquido extrator (ROSSET et2005). Posteriormente, acido ursalico foi
isolado da fracdo etandlica do mesmo extrato (FARIAIL, 2007).

Contudo, a maioria dos investigadores estudou @ édsencial obtido das folhas e/ou
partes aéreas d@. gratissimunpor cromatografia gasosa acoplada a espectro sEanéCG-
EM). Sua composicdo sugere a existéncia de doisdgsagrupos, um rico em timol
(SAINSBURY, SOFOWORA, 1971; GARCIA et al., 1998; NRAINS et al., 1999; YAYI et
al., 2004; TCHOUMBOUGNANG et al., 2006) e outroaiem eugenol (JIROVETZ et al.,
2003; MADEIRA et al, 2005; FREIRE, MARQUES, COSTA,2006;
TCHOUMBOUGNANG et al., 2006). Outros quimiotiposriiaém foram relatados como o
cinamato de etila (DUBEY et al., 2000) e o gera(MdEIRA et al., 2001). As estruturas dos
constituintes majoritarios dos 6leos essenciaig efanpostos isolados desta espécie podem

ser observadas na Figura 3.

OH
? § ?Hg)c \
0
OH
|
Eugenol|

Geraniol Oxido de cariofileno

Timol p-Cimeno Y-Terpineno 1,8-Cineol

Acido oleandlico Acido ursdlico Cinamato de etila

Figura 3 - Constituintes majoritarios do 0leo essasial e/ou isolados deD. gratissmum
(FONTE: ADAMS, 2001; NJOKU et al., 1997; FARIA et d., 2007)
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A composicdo quimica do Oleo essencial obtido dfisa$ e/ou partes aéreas de
gratissimumdemonstrou variacdes durante o dia (SILVA et @99 YAYI et al., 2004;
MADEIRA et al., 2005). Para plantas do quimiotipogenol, o maior contedudo deste
constituinte foi encontrado nas folhas coletadas2akoras, enquanto o segundo constituinte
majoritario, 1,8-cineol, apresentou maiores corregdes quando a coleta foi realizada as 17
horas (SILVA et al., 1999) e 8 horas (MADEIRA et, &005). Para plantas do quimiotipo
timol, o conteddo de timol gterpineno mostraram variagdes opostas entre antkio dia,
enquanto que a soma de ambos gmwoimeno remontou quase constante. Em relagédo ao
rendimento de Oleo essencial obtido das partesagérpaiores quantidades ocorrem em
plantas com 2-5 meses de idade e coletadas aodme(®d-AYI| et al., 2004). Diferentes
guantidades relativas dos constituintes majorisado 6leo essencial das folhas também
foram verificadas quando o método de extracdo i(de&b a vapor, destilacdo em forno de
micro-ondas e extracdo por ¢@uido supercritico) foi alterado (SILVA et al.,0@4).
Contudo, a analise sazonal verificou que eugenbBecineol foram o0s constituintes mais
abundantes do 6leo essencial das folhas nas d#srestacdes, enquanto que uma maior
percentagem relativa de sesquiterpenos ocorreu rimaavera (FREIRE, MARQUES,
COSTA, 2006).

Vieira et al. (2001) verificou que as plantas mimfiiccamente descritas conf.
gratissimum var. gratissimum apresentam eugenol e cirsimaritina como constédsin
majoritarios e nos espécimes @e gratissimunvar. macrophyllumpredominavam timol e
xantomicrol. Diferencas quanto a composicao e teorsesquiterpendides também foram
apresentadas pelas plantas com alto teor de timmigenol. Além disso, as variedades
contendo altos teores de flavondides apresentaltantear de timol, enquanto naqueles com
baixo teor de flavondides foi detectado alto teeredigenol. Ja aqueles contendo um teor
intermediario de flavondides (mistura de cirsimiaaf isotimusina, xantomicrol e luteolina)
apresentaram geraniol como principal constituiat@léo essencial.

A analise do 6leo da semente @e gratissimum quimiotipo geraniol, permitiu o
estudo da composicdo de &cidos graxos, quantificaados acidos-linolénico, linoléico,
palmitico, oléico, estearico, palmitoléigelinolénico, araquidonico e eicosanodico (ANGERS,
MORALES, SIMON, 1996).
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Em estudos realizados por Paton et al. (2004) vbsere que todas as espécies de
Ocimum da tribo Ocimeae apresentaram 5-hidroxi-6,7-dim#tdvonas e flavonas
oxigenadas na posicao 8. Este fato confirma algesdtados encontrados na caracterizacao
dos flavondides d®. gratissimumvar. gratissimumpor cromatografia liquida acoplada a
espectrometria de massas (GRAYER et al., 2000quas tém sua estrutura representada na
Figura 4. Por meio desta andlise, foram identifisaguercetina-®8-glicosideos (rutina (1) e
quercetina-3-glicosideo (3)), canferol-8-glicosideos (canferol &-rutinosideo (2) e
canferol-30-glicosideo (13)), agliconas de flavonas metoxitad@irsimaritina (4) e
xantomicrol (5)), luteolina-D-glicosideo (10), luteolina-®-glicosideo (11), apigenina-@-
glicosideos (apigenina-@-glicosideo (12) e apigeninad-malonilglicosideo), apigenin@-
glicosideo (vicenina-2 (7) e vitexina (8)), isotigma (6) e isovitexina (9) (GRAYER et al.,
2000, 2002). Contudo, a producéo de flavon@-8ticosideos por esta planta demonstrou ser
afetada quando a mesma cresce em ambiente feadragleanto que a producéo @e e C-
glicosideos de flavonas nao é afetada (Grayer,2G02).

Grayer et al. (2000; 2003) também identificaramreés@nca de acido rosmarinico e
nepetoidina A e B nesta espécie (Figura 4). Estegostos correspondem a ésteres do acido
caféico e, segundo os autores, possuem signif@dagonémica para a familia Lamiaceae,
uma vez que estdo presentes na grande maioriasgasies investigadas pertencentes a

subfamilia Nepetoideae e ausentes em espéciegrds subfamilias
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OH O OH O

1 R;=OH; R, =ramnosil 1,6 glicose 4 R=H

2 R;=H; R, =ramnosil 1,6 glicose 5 R=0CH
3 R;=O0H; R, =glicose 6 R=0H
13 Rj=H; R, = glicose

OH O OR; O
7 Ry =R, =glicose 10 Ry = OH; R,=glicose; R=H
8 R, =glicose; B =H 11 R; = OH; R, = H; Ry = glicose
9 R; =H; R, =glicose 12 R, = R3=H; R, = glicose

Acido rosmarinico

OH
HO
OH OH
(@] COOH
R \ HO AN o)\/@OH
R> O |
HO
(@]

NepetoidinaA R=H;R,=0H

NepetoidinaB R=OH; R,=H
Figura 4- Flavonoides e compostos fendlicos identiddos emO. gratissmum (FONTE:
GRAYER et al., 2000; 2003)

2.2 Métodos extrativos

O termo extracdo significa retirar, da forma mastetiva e completa possivel, as
substancias ou fracdo ativa contida na droga vieg#tihzando para isso um liquido ou
mistura de liquidos tecnologicamente apropriadtsxigologicamente seguros (SONAGLIO

et al., 2004). Dois tipos de fenbmenos envolvere psbcesso: a difusdo através da parede
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celular e a transferéncia do conteudo celular quasdparedes sdo rompidas (VINATORU,
2001).

Na escolha do método extrativo deve-se avaliari@éntia, a estabilidade das
substancias extraidas, a disponibilidade dos meios custo do processo escolhido,
considerando a finalidade do extrato que se quepgpar (SONAGLIO et al., 2004).
Metodologias tradicionais de extragéo, como, pengxdo, soxhlet, consomem muito tempo e
maiores quantidades de solvente (LUQUE DE CASTRARGIA-AYUSO, 1998). Assim,
existe uma demanda crescente por novos métodoatiess; com menores tempos de
extragdo, reduzido consumo de solvente organicorexepindo a poluicdo (WANG,
WELLER, 2006).

2.2.1 Métodos classicos

Métodos classicos para a extragdo por solventesmituintes vegetais sdo baseados
na escolha do solvente acoplado ao uso de aqudoire®u agitacdo (WANG, WELLER,
2006). Estes correspondem a métodos baratos evaelante simples com relacdo a seus
fundamentos e desenvolvimento, o que permite qyemseealizados por pessoal nao
especializado (LUQUE DE CASTRO, GARCIA-AYUSO, 1998)

Algumas técnicas classicas utilizadas para a édree constituintes vegetais incluem
os processos de hidrodestilacdo, maceracdo e sq@MWeNG, WELLER, 2006), os quais

serdo descritos resumidamente a seguir.

2.2.1.1 Hidrodestilagcao

Na hidrodestilacédo, utilizando um aparelho tipevwehger (Figura 5), o material
vegetal € imerso em agua sob aquecimento até ardemesultando na formacédo de vapores

que arrastam os compostos volateis, os quais, @paensacdo, separam-se da fase aquosa
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por decantacdo (PRINS, LEMOS, FREITAS, 2006). Estecedimento, embora classico,
pode levar a formacdo de artefatos em funcdo da teinperatura empregada e €
preferencialmente empregado para extrair Oleosneisse de plantas frescas (SIMOES,
SPITZER, 2004).

Figura 5 — Hidrodestilagdo em aparelho de Clevenger

2.2.1.2 Maceracao

Maceracao designa a operacao na qual a extraghatéaa-prima vegetal é realizada
em recipiente fechado durante um periodo prolonglad@s ou dias), sob agitacdo ocasional
e sem renovacdo do liquido extrator. Pela sua emumao conduz ao esgotamento da
matéria-prima vegetal, seja devido a saturacadoindb extrator ou ao estabelecimento de
um equilibrio difusional entre 0 meio extrator dnterior da célula (VOIGT, 2000 apud
SONAGLIO et al., 2004).
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2.2.1.3 Soxhlet

A extracdo em aparelho de soxhlet (Figura 6) peroute o material vegetal entre em
contato com solvente fresco condensado, oriundbal@o de destilagcdo, a cada ciclo de
operacao. Quando o liquido extrativo alcanca ol migeefluxo, este € sifonado retornando ao
baldo de destilagdo e carreando consigo 0s cangtguextraidos. Esta operacdo € repetida
até o esgotamento total da droga vegetal (LUQUECBETRO, GARCIA-AYUSO, 1998).

Figura 6 - Extracdo em aparelho de soxhlet.

Algumas vantagens desta metodologia incluem o daslento do equilibrio
difusional pelo constante contato de solvente mmm 0 material vegetal e a ndo exigéncia
de filtracdo ap0s o processo extrativo. Por o@dm | as maiores desvantagens correspondem
a possibilidade de degradacao térmica dos comgggliativos, pois o liquido extrativo é
aquecido a temperatura de ebulicdo do solventempdongo periodo de tempo. Além disso,

a grande quantidade de solvente utilizada, a inipbdade de agitacdo do meio e a
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necessidade de um procedimento de evaporacéo @ioarntracdo para remocao do solvente
apos o processo também constituem algumas deseastapste processo (LUQUE DE
CASTRO, GARCIA-AYUSO, 1998).

2.2.2 Métodos modernos de extracdo

Métodos modernos de extracdo tém como fator commuaumento da eficiéncia
extrativa devido ao uso de solventes a altas teatyeas e/ou pressdes, o que diminui
grandemente o tempo de extracdo. Além disso, etpgerem menor quantidade de solvente,
permitem a extragdo simultdnea de véarias amostqasdem corresponder a um processo
automatico, ou, até mesmo, ser de facil automat8QQUE DE CASTRO, GARCIA-
AYUSO, 1998; WANG, WELLER, 2006).

Algumas destas metodologias extrativas serao itlesser seguir. Estas se baseiam no

uso de ondas, como ultrassom e micro-ondas, negsoale extracdo do material vegetal.

2.2.2.1 Ultrassom

Ondas de som sao vibragcbes mecéanicas em meio ,sdilidido e gasoso com
frequéncias maiores que 20 KHz. Ao contrario dagasreletromagnéticas, ondas de som
podem atravessar a matéria e envolvem ciclos danefp e compressdo durante sua
passagem no meio. O processo de expansdo separwlésulas, enquanto que o de
compressao promove sua aproximacado. A expansaocpadéolhas ou cavidades no liquido
e produzir pressao negativa. As bolhas de ar seafor, crescem e colabam por implosédo em
processo denominado de cavitacdo. A rapida confwestiabdtica de gases e vapores dentro
de bolhas ou cavidades produz altas temperatupasssdes. Como o tamanho das bolhas é
muito pequeno quando comparado ao volume de ligudd@aquecimento produzido é

rapidamente dissipado no meio. Contudo, quandoimpa®a superficie solida, o colapso da
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cavidade é assimétrico e produz jatos de liquidali@evelocidade (Figura 7), que tem forte
impacto sobre a superficie sélida (LUQUE-GARCIA,QUE DE CASTRO, 2003; WANG,
WELLER, 2006).

Y

Figura 7 — Formagdo de um micro-jato de liquido duante colapso da bolha préoximo a
superficie externa (FONTE: SUSLICK, PRICE, 1999).

Sendo assim, os efeitos mecanicos do ultrassonzendua grande penetracdo do
solvente para o interior do material vegetal e animela transferéncia de massa, o que
favorece o processo extrativo das seguintes formas:

- O colapso das bolhas de cavitagdo proximo a pacelllar vegetal promove o seu
rompimento. Este fato aliado a boa penetracdo ticerse, decorrente da existéncia dos
micro-jatos, facilita a liberacdo do contetudo caiwegetal para o solvente extrator;

- O processo de difusdo dos constituintes celuksrgetais através da parede celular é
aumentado por acdo do ultrassom. O inchamentorathgdio do material vegetal podem ser
facilitados por este processo causando, assim,umersto dos poros da parede celular. A
expansao do tecido pode, em alguns casos, tambépera parede celular o que favorece
ainda mais o processo de transferéncia (TOMA et2801; VINATORU, 2001; WANG,
WELLER, 2006).

A extracdo por ultrassom pode ser um processoodoatindireto dependendo do
equipamento utilizado. Por sonicacdo indireta, saengpequenas quantidades de material
vegetal podem ser extraidas, enquanto que pelessocdireto, maiores quantidades de
material podem ser utilizadas. Dentre os dois tigesequipamentos extratores existentes

(Figura 8), o banho de ultrassom pode realizaotamt tipo de sonicacdo quanto o outro
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dependendo do seu design. Ja a sonda ultra-séeindte a realizacdo do processo direto
apenas (VINATORU, 2001; WANG, WELLER, 2006).

A Solvente e material B Agitador c Sonda de
evetal Massa mecanico /ultra—som
vege Acua extrativa /
gu . 1 n Agitador
Termémetro —. ‘ . " mecanico
Tanque de ago ] .ﬁ¥ f.
Tanque de ago inoxidavel t1!{ ’{
mnoxidavel — Massa i' IE Resfriamento/
| =10 111§ e

\—T—l

Transdutores ligados a base

Figura 8 — Sonicacdo em processo indireto utilizarmdum banho de ultrassom (A) e em
processos diretos utilizando banho (B) e sonda (@g ultrassom (FONTE: VINATORU,
2001)

A vantagem desta técnica € a possibilidade dagidrde varias amostras ao mesmo
tempo desde que seja utilizado um banho de ulttassemo o exemplificado na Figura 8A.
Além disso, a extracdo é realizada a temperaturisieate, o que torna o0 método uma
alternativa para extracdo de compostos volatesrradlabeis. A necessidade de filtracédo
posterior ao processo e impossibilidade de renaval@ solvente extrator durante sua
realizacdo correspondem as desvantagens do usordesidologia (LUQUE DE CASTRO,
GARCIA-AYUSO, 1998; ROMANIK et al., 2007).

2.2.2.2 Micro-ondas

Micro-ondas sdao ondas eletromagnéticas com unwiéreia de 0,3 a 300 GHz
compostas de dois campos oscilantes perpendicutaoesnpo elétrico e 0 campo magnético.
O fendbmeno do aquecimento é baseado na interac@andpo elétrico com os constituintes

do material por dois mecanismos simultaneos, adiotalipolar e a conducao ionica. A
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rotacdo dipolar é relacionada ao movimento de rmtd8golares tentando se alinhar com o
campo elétrico. Esta oscilacdo produz multiplagséek entre moléculas vizinhas gerando,
assim, energia térmica que € liberada no meio. Adwgéo idGnica, por sua vez, gera
aquecimento devido a resisténcia do meio ao fluxdoths. Desta forma, ao contrario dos
métodos classicos de aquecimento baseados no feaddee conducdo, toda a amostra é
aquecida pelas micro-ondas simultaneamente, conue ger visualizado na Figura 9
(LETELLIER, BUDZINSKI, 1999; KAUFMANN, CHRISTEN, 202; WANG, WELLER,
2006).

Na extragdo de produtos naturais, as micro-ond@&sagem seletivamente com as
moléculas polares presentes em glandulas, tricamuaecidos vasculares. O aquecimento
localizado leva a expansao e ruptura da pareddacetué seguida pela liberacdo dos
constituintes dentro do solvente. Aliado a istanigracdo de ions dissolvidos aumenta a
penetracdo do solvente dentro do material vegatdithndo a liberagcdo dos constituintes e
favorecendo, assim, a extracdo (KAUFMANN, CHRISTERQO2; WANG, WELLER,
2006).

MMistura amostra-solvente
(absorgdo da energia de microondas)

Miztura
amostra-solvente

Correntes de convecgio Superaquecimento

localizado

4
vvvvvvvvvvvvvvvvvvvvvvvvvv

f A -~ . Y
. -
Aquecimento por

condugio

A: Aquecimento convencional B: Aquecimento por microondas

Figura 9 — Representacdo dos dois modos de aquecim@ por conducao (A) e por
energia de micro-ondas (B) (FONTE: LETELLIER, BUDZINSKI, 1999).

Dois tipos de equipamentos podem ser utilizadosenpsocesso. O mais comum

envolve a extragdo em um recipiente fechado consspoe e temperatura controladas,
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enguanto que o outro utiliza um recipiente extratmerto sob pressao atmosférica. O primeiro
sistema é geralmente usado para extracdes sobcdeaddrasticas e altas temperaturas
extrativas (KAUFMANN, CHRISTEN, 2002; WANG, WELLER006).

As vantagens deste tipo de extracdo sdo a redugdengpo e da quantidade de
solvente necesséria, em decorréncia das altas tetm@es alcancadas e a possibilidade de
realizar extracdes de varias amostras ao mesmatdesfa metodologia, contudo, requer um
tempo de resfriamento e uma filtracdo apos a alaagédo. Além disso, a eficiéncia extrativa
pode ser muito baixa quando o(s) composto(s) alv® slventes ndo sao polares, ou quando
0s constituintes séo volateis (LUQUE DE CASTRO, GAR-AYUSO, 1998; LETELLIER,
BUDZINSKI, 1999).
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Comparative composition of essential oils of stemmflorescences and leaves @cimum

gratissmum L. grown in southern Brazil

Ocimum gratissimunk.. (Lamiaceae), conhecida como alfavaca, € umatglamplamente
utilizada como medicinal e flavorizante de aliment® objetivo deste trabalho foi verificar
variacbes qualitativas e quantitativas nos Olecseresais obtidos a partir dos talos,
inflorescéncias e folhas d®. gratissimumL. cultivada no Sul do Brasil em relacdo ao
periodo de coleta (verdo e primavera). Os Ole@negss foram obtidos por hidrodestilacédo e
analisados por CG/EM. As variacbes de composica@nfo relacionadas a dados
metereoldgicos e as possiveis rotas biosintéticaamf discutidas. Os constituintes
majoritarios de todos os 6leos foram eugenol (588,2 %) ey-muuroleno (6,2 — 35,3 %).
Apenas os 6leos essenciais das inflorescéncidgsetiteeram seus rendimentos influenciados
pela estacdo de coleta. A pequena variacdo naléeeugenol presente no 6leo essencial das

folhas indicou ser esta a melhor parte do vegeta p obtencdo deste composto.

The herb Ocimum gratissimumL. (Lamiaceae), known as alfavaca, is widely used
medicinally and as a flavoring for food. The aimthis study was to assess qualitative and
quantitative variations in essential oils from stemnflorescences and leaves Of.
gratissimumL. grown in southern Brazil, according to the lestv period (spring and
summer). The essential oils were obtained by hysdhtildtion and analyzed by GC/MS. The
variations in the composition were related to metlegical data, and possible biosynthetic
pathways are discussed. The major compounds etsadintial oils were eugenol (52.6 - 89.2
%) andy-muurolene (6.2 — 35.3 %). The harvest seasonednfled only the yields of
inflorescence and stem essential oils. The lowsedyariation of eugenol in the essential oil

of the leaves indicated that these are the bestsdo obtain this compound.

Key words:Ocimum gratissimurh.; essential oil.
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1. Introduction

The genuDcimumbelongs to an economically important group of heeloais plants
that are extensively used in flavoring and perfumbecause of their essential difsOne of
the most important species @cimum gratissimunt. (Lamiaceae), commonly known as
alfavaca, louro or tree basil. This herb grows 8250 cm, has a woody base, and is
aromatic. It is a perennial or annual bush in coldgions, including southern Brazil, where
is found in coastal areas, forest and dry savaaleays close to human dwellings. It is
widely used medicinally and to flavor fodd. The essential oil of this plant has shown
potential use as a food preservative, becauses @itimicrobial activity® It could also be
used as a source of eugenol, a drug with localthegs properties that is utilized in human

medicine and dentistr{y;**

Vieira et al’® described three chemotypes (eugenol, timol andniel) for O.
gratissimumbased on morphological, chemical and genetic apalyVariations in the
chemical composition of essential oil during dagimnd seasonally related to its central
activity have been reportéd’? The aim of the present study was to assess tHitagjva and
quantitative variations in the constituents of esisg¢ oils from the stems, inflorescences and
leaves ofO. gratissimunof the eugenol chemotype grown in southern Brazitwo harvest
periods (spring and summer). The observed diffexenc the chemical composition of the
essential oils were related to meteorological datal possible biosynthetic pathways were

discussed.

2. Materials and methods

2.1. Plant materials
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Aerial parts ofOcimum gratissimunh. were grown and collected in the late spring
(December 13, 2006) and summer (March 13, 200f)a@rcampus of the Federal University
of Santa Maria, Rio Grande do Sul, Brazil. The drdscences, leaves and stems were
separated by hand. A voucher specimen was depositéde Herbarium of the Biology
Department of the Federal University of Santa MdNaucher no. SMDB 11167), and

identified by Adelino Alvares Filho.

2.2. Obtaining the essential oils

Fresh aerial parts (inflorescences, leaves ands3temre separately steam-distilled for
3h in a Clevenger-type apparatus. Stem essentsalare separated from the hydrolate by
liquid-liquid extraction with hexane and evaporatguder reduced pressure at 40°C. The

essential oils were stored at -20°C in anddass bottles until GC-MS analysis.

2.3. GC-MS analysis conditions

Samples of the essential oils were solubilized erame. GC-MS TIC analysis was
performed using an Agilent-6890 gas chromatograplpled with an Agilent 5973 mass
selective detector, under the following conditiom#5-MS column (5%-phenyl - 95%-
methylsiloxane, 30 m x 0.25 mm x 0.@&); EI-MS: 70 eV; Operating conditions: split inlet
1:100; temperature program, 40-260°C; 40°C for 4; mamp rate, 4°C/min; carrier gas He:
flow rate, 1 mL/min; injector and detector temparat 220°C; interface temperature 250°C;
Databank NIST 1998. Retention indexes (RI) weremeied by co-injection of a mixture of

hydrocarbon standards. The oil components weretifash by comparison of the mass
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spectra with the mass spectral library, and theat®wvetention index (KI) with literature

datal®

2.4. Meteorological data

The meteorological data (Table 1) were obtainedthftbe National Meteorological
Institute (INMET) from the Climatological Statiori the 8th District of Meteorology, located

at Santa Maria Federal University (29° 43’ 23" & &3° 43’ 15" W).

< Table 1>

3. Results and discussion

Essential oil yield of the eugenol chemotype waghést in the leaves, followed by
inflorescences and stems, as previously reportelddifgari et af* In the present study, the
overall yield of oil obtained from the leaves wast nnfluenced by the harvest season.
However, inflorescences and stems gave inversesy@tcording to the season. The major
compounds of all essential oils were eugenol (588.2 %) and-muurolene (6.2 — 35.3 %).
Leaf and inflorescence essential oils were richerugenol than stem oils, which showed high
sesquiterpenoid contents (45.3 % in the spring 3h8% in the summer). Stem oils also
showed higher quantitative variations in the mainstituents according to the harvest season

(Table 2).
< Table 2 >

Oil yields and eugenol content obtained in thislgtwere higher than described in the

literature for parts from plants grown in a seniddropical climate"* The eugenol content in
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essential oils of the leaves was also higher thavigusly reported for plants grown in
southeast Brazil and analyzed seasorfalfhese differences among studies may be related to
different environmental factors such as light, tenapure, and moisture status. These factors
can greatly influence the emission of volatiles dhd yield and composition of essential
oils.*® In Ocimum basilicumfor example, Chang et #l.observed a significant increase in
eugenol content in leaves exposed to high dailytligtals. In the present study, the higher
number of sunshine hours (Table 1) in the sprirgyvad a small positive effect on the yield

and composition of the leaf essential oil, andghsinegative effect on the stem essential oil.

In Lamiaceae, which includes basils, surface glardurichomes distributed
throughout the aerial parts produce and store neppenoid, sesquiterpenoid, and
phenylpropanoid volatiles. However, trichome dgnsdries with ontogeny and in different
tissues; e.g., density is higher on the lower (&bpsurface than the upper (adaxial) surface
of leaves-"*® These differences may be responsible for the @iffeoil yields from various

parts of the plant.

Another factor that can influence the oil yieldpgecipitation. Continuous rain may
result in loss of substances from the leaves bghieg!® In the summer, precipitation was
higher than in the spring, and the inflorescendeyieid decreased. Leaf oil yield was less

influenced, while stem oil was more affected.

Regarding other constituents, only leaf essenilal @ntained monoterpenoids, and
showed only one compound of this clag$-ocimene. The absence of monoterpenoids might
be a result of plant metabolism and/or mechaniemhabe to the plait. Observations on
certain essential-oil plants such Rerilla and Ocimumhave suggested that the synthesis of
essential oil phenylpropanoids, especially eugesodl related compounds, is based on

dominant or epistatic effects, whereas the prodactf monoterpenoids is a recessive or
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hypostatic trait® Furthermore, total amounts of terpenoids were tivegjg correlated with
levels of phenylpropanoids and phenylalanine ammolyase (PAL) activity inO.
basilicum'’ The results obtained in this study for the esaemil composition of different

parts ofO. gratissimunagree with previous observations by others.

Biogenetically, phenylpropanoids and terpenoidgioate from different primary
metabolic precursors and are generated throughlywiffierent biosynthetic routes, as shown

in Figure 1 (eugenol biosynthesis scheme) and Eiguterpenoid biosynthesis scheme).
< Figure 1>

The eugenol biosynthesis pathway (Figure 1) stitts deamination of phenylalanine
[1] by phenylalanine ammonia lyase (PAL), produatignamic acid [2], which originatgs
coumaric acid [3] through cinnamic acid 4-hydros@gC4H). As a minor route, coumarate
may arise directly from tyrosine under the catalgction of tyrosine ammonia lyase (TAL)
(not shown). The-coumaric acid [3] can form caffeic acid [9] by $elmoxylation carried out
by an uncharacterized enzyme (C3H), or its carbgrylip can be activated by the formation
of a thioester bond with CoA [5] througihcoumaroyl:CoA ligase (4CL). This enzyme also
catalyzes the formation of CoA esters of cinnanuicl §4], caffeic acid [8] and ferulic acid
[11]. The formation ofp-coumaroyl-CoA [5] from cinnamoyl-CoA [4] (CC4H) drcaffeoyl-
CoA [8] from p-coumaroyl-CoA [5] (CC3H) has been proposed inliteeature, although the

genes for the enzymes that catalyze these proceseiato be identified® %

For the formation of caffeoyl-CoA [8] from-coumaroyl-CoA [5] some intermediaries
have been described. Shikimate and quinate counemstg@rs [6, 6'] are formed from-
coumaroyl-CoA [5] under the action of acyltransg&s such as hydroxycinnamoyl-CoA:
shikimate/quinate hydroxycinnamoyl transferase (IH@nd p-coumaroyl-CoA: shikimate

acid p-coumaroyl transferase (CST). Their hydraotxgtain the meta-position of the phenolic
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ring forms 5-O-caffeoyl shikimate and/or quinatdees [7, 7’]. Shikimate esters are the
preferred substrate o€YP98A3 and CYP98A13, which catalyze these hydratkyh
reactions andlunction as a 5-O-(4-coumaroyl) shikimate/ quindteydroxylase (C3'H). 5-O-
caffeoyl shikimate and/or quinate esters [7, 7’lgimiate caffeoyl-CoA [8] by the same

acyltransferasgsreviously reported?® 2*

Caffeic acid [9] and caffeoyl-CoA [8] give rise terulic acid [10] and feruloyl-CoA
[11], respectively, through methylation of the pyering carried out by two S-adenosyl-L-
methionine (SAM)-dependent O-methyltransferases TQMaffeic acid 3-OMT (COMT)
and caffeoyl-CoA OMT (CCOMT). Cinnamoyl-CoA:NADPH xidoreductase (CCR)
catalyzes the reduction of feruloyl-CoA [11] to denyl aldehyde [12], which is reduced to
the corresponding alcohol [13] by NADP(H)-dependeimnamyl alcohol dehydrogenase
(CAD) (Gang et al., 2001; Ferrer et al., 2008). i@yl alcohol [13] is acetylated by
coniferyl alcohol acyltransferase (CFAT), formingnderyl acetate [14], the precursor of
eugenol. Eugenol [15] is formed under the catalgation of eugenol synthase (EGS1)
through a two-step reaction involving the formatmna quinone-methide intermediate prior
reduction®>?® However, coniferyl alcohol [13] is also the mowoidl precursor of guaiacyl,
one of the lignin-forming unit§® Consequently the lower concentration of eugendihin
stem essential oil may be due to the directiorhefliiosynthetic route towards the formation

of lignin rather than towards the formation of enigle

The biosynthesis of terpenoids (Figure 2) procaeaghe fusion of the activated 5-
carbon isoprenoid units, isopentenyl diphospha®®)1[16] and dimethylallyl diphosphate
(DMAPP) [17], derived from the acetate/mevalonatenethylerythritol phosphate pathways.
The G units are condensed by prenyltransferases to fetongated linear prenyl

diphosphates, among which are geranyl diphosplaR®( a G compound) [18] and farnesyl
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diphosphate (FPP, ai£ compound) [23].The conversion of the GPP and FPP to
monoterpenoids and sesquiterpenoids, respectivelycarried out by a large family of

enzymes known as terpene synthdse.
< Figure 2 >

GPP [18] ionization to the allylic linalyl catiofi9] allows the formation of linalyl
diphosphate (LPP) [20, 207], and allows the cydima via the stereochemically favorable
linalyl cation [21]. This intermediate can forfrocimene [22] by the deprotonation of G24.

2 1t is possible that the few biosynthetic stepsessary to synthesize this compound have

favored its presence as the only monoterpenoiddaressential oils studied.

Sesquiterpenoids biosynthesis begins with the &iinim and subsequent isomerization
of FPP [23] to the corresponding tertiary allylisoier, nerolidyl diphosphate (NDP).
Transoid [24] or cisoid [25] conformers of NDP alldormation of f-caryophyllene [26]

through closures from C-11 to C-1 and from C-2 1®@llowing deprotonation of C-1%.

For sesquiterpenoids with a cadinane skeleton, as¢hose observed in essential oils
of O. gratissimun{a-copaeneg-ylangeneg-cadinene and-cadinol), two biosynthesis routes
are described. The first is initiated by ionizatmithe transoid- NDP [24], with C-10 to C-1
(farnesyl backbone numbering) ring closure, to rdffthe germacrenyl cation A [27] from
which deprotonation, following hydride shift, yisldgermacrene D [28]. Protonation and
rearrangement of this compound forms a cation {88 cyclizes to a cadinyl cation [30]. As
a second alternative, the cisoid-conformer of NR¥| jnay serve as a substrate. In this case,
the cyclization of [25] occurs from the germacrengtion B [31], which by a 1,3-hydride
shift produces the cation [29]. The cadinyl cat|88] may give rise taj-cadinene [32] by

deprotonation, or cyclize t@-copaene [33hnd/ora-ylangene [34] through ring closure from
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C-2 to C-7, followed by deprotonation. The reactioih[30] with water would lead to

formation ofa-cadinol [38]°% 32

Although germacrene D [28] was not observed in tie composition of O.
gratissimum this does not exclude it as a biosynthetic intsghate. Investigations of the (+)-
o-cadinene synthase from cottdadssypium hirsutujralso did not reveal any germacrene D
in its products. The explanation may be that gereraxD is tightly bound to the enzyme as a
primary cyclization product and be immediately lert rearranged. Furthermore, this
compound [28] formg-muurolene [37]0-cadinene [32] and/os-copaene [33] as primary
products of its rearrangement in acid media. Theaetions could involve deprotonation of
the muurolenyl cation [36], formed through cyclipat of the cation [35], which results from
the conformational change of the cation [29].

Biilow and K&nig" showed that photochemical conversion of germacBefenishes
muurolane- and bourbonane-type sesquiterpenoids.iiay explain the highermuurolene
contents in inflorescence and stem oils obtainethéspring, when insolation was higher.
However, theg-bourbonene content in the inflorescence essewiial did not change
appreciably between seasons.

The biosynthesis g8-bourbonene [39] is still unknowti.Reactions of cyclization of
cation [29] through ring closure from C-7 to C-ldafrom C-6 to C-2, followed by

deprotonation of C-15, have been proposed as ipddlvits formatiort>

4. Conclusion

All parts of O. gratissimumharvested in southern Brazil may be good sourdes o
eugenol. Environmental and/or biogenetic factorsy ba responsible for the observed
qualitative and quantitative variations in essérdiis from different parts of the plant in the

seasons studied. However, leaf essential oil waaisiio be the best source of this compound



a7

because of its high yield, high percentage, andsthall seasonal variations in yield and

eugenol content.

Acknowledgments

The authors are grateful to CAPES for financigdpsart.



48

References

1. Orafidiya, L. O.; Agbani, E. O.; lwalewa, E. Adelusola, K. A.; Oyedapo, O. O,

Phytomedicin004 11, 71.

2. Tchoumbougnang, F.; Amvam Zollo, P. H.; Avie$si, Alitonou, G. A.; Sohounhloue, D.
K.; OQuamba, J. M.; Tsomambet, A.; Okemy-Andissg,Dagne, E.; Agnaniet, H.; Bessiére,

J.M.; Menut, C.;]. Essent. Oil Re2006 18, 194.

3. Albuquerque, U. P.; Andrade, L. H. @nales Jard. Bot. Madrid998 56, 43.

4. Albuquerque, U. P.; Andrade, L. H. @nales Jard. Bot. Madrid998 56, 107.

5. Vieira, R. F.; Grayer, R. J.; Paton, A.; SiménE.;Biochem. Syst. Eca2001, 29, 287.

6. Ehlert, P. A. D.; Luz, J. M. Q.; Innecco, Rgrtic. Bras.2004 22, 10.

7. Paton, A. J.; Springate, D.; Suddee, S.; Oti€npGrayer, R. J.; Harley, M. M.; Willis, F.;

Simmonds, M. S. J.; Powell, M. P.; Savolaine,Mal. Phylogenet. EvoR004 31, 277.

8. Fandohan, P.; Gbenou, J. D.; Gnonlonfin, B.],Hel Marasas, W. F. O.; Wingfield, M.

J.;J. Agric. Food ChenR004 52, 6824.

9. Nguefack, J.; Leth, V.; Amvam Zollo, P. H.; MathS. B.;Int. J. Food Microbiol.2004

94, 329.

10. Costa, P. R. RQuim. Nova200Q 23, 357.

11. Freire, C. M. M.; Marques, M. O. M.; Costa, NM.EthnopharmacoR006 105, 161.

12. Silva, M. G. V.; Craveiro, A. A.; Matos, F. A.; Machado, M. I. L.; Alencar, J. W_;

Fitoterapial999 70, 32.



49

13. Adams, R. P.; ldentification of essential oil components by gas
chromatography/quadrupole mass spectroscofjured Publishing Corporation: lllinois,

2001.

14. Kothari, S. K.; Bhattacharya, A. K.; Singh, Ramesh, S. I.; Rao, E. V. S. B.;Essent.
Oil Res.2005 17, 212.

15. Dudareva, N.; Pichersky, E.; GershenzorRlant Physiol2004 135, 1893.

16. Chang, X.; Alderson, P. G.; Wright, C.Brviron. Exp. Bot2008 63, 216.

17. lijima, Y.; Davidovich-Rikanati, R.; Fridman,.;E5ang, D. R.; Bar, E.; Lewinsohn, E.;

Pichersky, E.Plant Physiol2004 136, 3724.

18. Sangwan, N. S.; Farooqi, A. H. A.; Shabih, Fangwan, R. SPlant Growth Regul.

2001, 34, 3.

19. Gobbo-Neto, L.; Lopes, N. FQuim. Nova2007, 30, 374.

20. Figueiredo, R.; Rodrigues, A. |.; Costa, M. Ebpd Chem2007, 104, 1445.

21. Gang, D. R.; Wang, J.; Dudareva, N.; Nam, K, &imon, J. E.; Lewinsohn, E.;

Pichersky, E.Plant Physiol2001, 125, 539.

22. Boudet, A. M.Phytochemistr007, 68, 2722.

23. Ferrer, J. L.; Austin, M. B.; Stewart Jr., §gel, J. P.Plant Physiol. Biochen2008§ 46,

356.

24. Gang, D. R.; Beuerle, T.; Ullmann, P.; WerckeRbart, D.; Pichersky, ERlant Physiol.

2002 130, 1536.



50

25. Koeduka, T.; Fridman, E.; Gang, D. R.; VasdaoG.; Jackson, B. L.; Kish, C. M.;
Orlova, 1.; Spassova, S. M.; Lewis, N. G.; NoelPJ.Baiga, T. J.; Dudareva, N.; Pichersky,

E.: Proc. Natl. Acad. Sci. U. S. 2006, 130, 10128.

26. Louie, G. V.; Baiga, T. J.; Bowman, M. E.; Ko&d, T.; Taylor, J. H.; Spassova, S. M,;

Pichersky, E.; Noel, J. FI2LoS One&007, 2(10), e993.

27. Schnee, C.; Kollner, T. G.; Gershenzon, J.;dbbgrdt, J.Plant Physiol.2002 130,

2049.

28. Dewick, P. M.Nat. Prod. Rep2002 19, 181.

29. Shelton, D.; Zabaras, D.; Chohan, S.; WyllieGS Baverstock, P.; Leach, D.; Henry, R.;

Plant Physiol. Biochen2004 42, 875.

30. Steele, C. L.; Crock, J.; Bohmann, J.; Crotéau]. Biol. Chem1998 273, 2078.

31. Bulow, N.; Konig, W. A.Phytochemistr200Q 55, 141.

32. Isaksson, D.; Doctoral Thesis, Mid Sweden Ursig, Sweden, 2006.

33. Barros, F. M. C.; Zambarda, E. O.; HeinzmannyiB Mallmann, C. A.;Quim. Novain

the press.



Table 1

Meteorological data recorded in the collection pesi
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December 2006 (Spring)

March 2007 (summer)

Mean air temperature (°C) 25.8
Hours of sunshine 262.8
Air relative humidity (%) 70
Total precipitation (mm) 84.2

Days with rain 8

24.2

162.5

83

173.6

10
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Chemical composition of essential oils of leavafiprescences and stems@Eimum gratissimurh. in spring and summer.

Season

Spring (December/2006) Summer (March/2007) RI ref
Parts Leaves Inflorescences Stems Leaves Inflaresse Stems
Yield % (w/w) 0.7788 0.5991 0.0026 0.7492 0.2191 0089
Constituents % Rt Rl cal % Rt Rl cal % Rt Rl cal % Rt Rl cal % Rt Rl cal % Rt Rl cal
Z-B-Ocimene 16 1533 1039 - - - - - - 23 1532 1038 - - - - - - 1037
Eugenol 89.2 26.91 1360 819 26.89 1359 52.6 26.89359 88.8 26.89 1359 83.3 26.89 1359 67.0 26.9 1359359
a-Ylangene 0.7 27.49 1377 - - - - - - - - - - - - - - - 1375
a-Copaene - - - 1.6 27.49 1377 - - - - - - 1.3 27.5QL377 - - - 1377
p-Bourbonene 0.5 27.78 1386 - - - - - - - - - 0.7 .797 1386 - - - 1388
S-Caryophyllene 1.8 28.91 1421 3.1 28.90 1421 3.4 9@8 1421 2.5 28.90 1421 2.7 28.90 1421 3.7 28.90 2114 1419
y-Muurolene 6.2 30.83 1483 12.6 30.83 1483 35.3 30.81483 6.4 30.83 1483 10.6  30.83 1483 25.9 30.83 8314 1480
J-Cadinene - - - 0.8 32.10 1526 4.6 32.09 1525 - - - 05 32.10 1526 1.0 32.09 1525 1523
a-Cadinol - - - - - - 09 3588 1658 - - - - - - - - - 1654
Total identified 100 100 96.8 100 99.1 .87

% : Relative percentage; Rt : Retention time; Rt calculated Kovats retention index; RI ref :@efnce Kovats retention index
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SILVA, L. L.; HELDWEIN, C. G.; REETZ, L. G. B.; HORER, R.; MALLMANN, C. A,;
HEINZMANN, B. M. Composi¢cdo quimica, atividade d#cteriana e toxicidade do Oleo
essencial das inflorescéncias @eimum gratissimuni.. Submetido a Revista Brasileira de

Farmacognosia.
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RESUMO: O o0leo essencial das inflorescénciasGt@mum gratissimunt.. foi obtido por
hidrodestilacdo e analisado por CG/EM. Os constiési majoritarios identificados foram
eugenol (81,94%) e-muuroleno (12,58%). O 6leo essencial das infl@esias demonstrou
atividade antibacteriana frente a todas as cepaterimnas testadas pelo método de
microdiluicdo em caldo. Os valores obtidos de cotregdo inibitéria minima (CIM) e a
concentracdo bactericida minima (CBM) variarampeetvamente, entre 0,5-2 mg/mL e 1-4
mg/mL. Valores de Glgde 233,8 (200,7 - 272,pp/mL para o 6leo essencial e 186,1 (144,1
- 228,5) ug/mL para o composto eugenol, utilizado como padféam observados para

Artemia salinal.
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Unitermos: Ocimum gratissimupminflorescéncias, 0leo essencial.

* E-mail: berta.heinzmann@gmail.com; Tel.: +55 53B&955

ABSTRACT: Chemical composition, antibacterial activty and toxicity of the essential

oil from inflorescences of Ocimum gratissmum L.: The essential oil obtained by
hydrodistillation of the inflorescences @cimum gratissimunk. was analyzed by GC/MS.
The main constituents were eugenol (81.94%) amduurolene (12.58%). Antibacterial
activity was verified against all strains testedrbgans of the broth microdilution method.
The minimum inhibitory concentration (MIC) and nmmim bactericidal concentration
(MBC) values obtained ranged between 0.5-2 mg/ml B4 mg/mL respectively. Toxicity
by brine-shrimp Artemia salinal.) bioassay showed lgg value of 233.8 (200.7 - 272.0)

pug/mL for the essential oil and 186.1 (144.1 - 228&'mL for eugenol, used as a standard.

Keywords:Ocimum gratissimuminflorescences, essential oil.

INTRODUCAO

Vérios estudos tém sido realizados com produtosei@bolismo vegetal secundario,
visando encontrar substancias com atividade anbimi@na que possam servir como
alternativas terapéuticas efetivas contra as idEEcpor microrganismos resistentes a
antibioticos (Acosta et al., 2003). Uma das maidieses de pesquisa nessa area é a
confirmacdo da atividade de plantas utilizadas [@mente com esse fimOcimum
gratissimumL. (Lamiaceae), conhecida popularmente como altaveacutilizada no Brasil
como anti-séptico local contra fungos e bactémdatds, 1994; Morais et al., 2005; Silva et
al., 2006). Devido a esta atividade, € uma dascespé&onsideradas para inclusao no

programa de fitoterapia do Sistema Unico de Sa8tiS). Suas inflorescéncias em particular
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sao utilizadas para o tratamento de problemas tdiges flatuléncia, gripe, tosse, prurido,
estresse, dor de cabeca, fadiga e como expect@aa@ativo (Alcantara Junior et al., 2005;
Albuquerque et al., 2007).

As partes aéreas @& gratissimunfornecem 6leo essencial, que pode ser classificado
em trés quimiotipos (eugenol, timol e geraniol)ad®rdo com seus constituintes principais
(Vieira et al., 2001). A literatura relata paraaesspécie as atividades antinociceptiva (Rabelo
et al., 2003), antioxidante (Trevisan et al., 200&ntimicrobiana (Jedkova et al., 1992;
Nguefack et al., 2004). Contudo, néo existem ttadmlrelacionando estudos biologicos a
composi¢cdo quimica do Oleo essencial obtido exdnsénte das inflorescéncias @e
gratissimum

A avaliacdo de toxicidade € indispensavel paraidersr um tratamento seguro
(Caceres, 1996). O teste de letalidade odrtemia salinalL. € um método simples na
pesquisa de produtos naturais (Meyer et al., 1988 ,possui uma boa correlagdo com testes
de toxicidade aguda orat vivo (Parra et al.,, 2001). O procedimento determinareal de
concentracdo letal média (6), em ug/mL, de compostos e extratos, sendo que inumeras
substéancias ativas conhecidas apresentam toxicptadeste teste (Meyer et al., 1982).

O presente trabalho relata a atividade antibacizrido 6leo essencial obtido das
inflorescéncias d©. gratissimunfrente a cepas bacterianas catalogadas e isotiidaos,
bem como sua toxicidade patatemia salinal, correlacionando estas atividades com sua

composicao quimica.

MATERIAL E METODOS
Material vegetal
As inflorescéncias d&cimum gratissimurh. foram coletadas em dezembro de 2006

no Campus da Universidade Federal de Santa Maida3Maria, RSMaterial testemunha
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identificado por Adelino Alvares Filho encontragepositado no herbario do Departamento

de Biologia da UFSM sob o registro n°® SMDB 11167.

Obtencao do 6leo essencial e identificacdo dos ciitosntes

A extracdo do oOleo essencial das inflorescénciag,82g) deO. gratissimumfoi
realizada pelo método de hidrodestilacdo por 3 tlizando o aparelho de Clevenger
modificado (Farmacopéia Brasileira, 1988). O Olsseacial foi armazenado em frasco de
vidro ambar vedado e conservado a -20°C até o mondas analises.

As analises por cromatografia gasosa acopladaectesmetria de massas (CG/EM),
visando a identificacdo e quantificacdo dos compiasedo Oleo essencial, foram realizadas
em um sistema hifenado AGILENT 6890, equipado comdetector seletivo de massas série

5973, conforme metodologia descrita por Muraril e208).

Avaliacéo da atividade antibacteriana do 6leo esseial

A atividade antibacteriana do 6leo essencial Yailiada utilizando a metodologia de
microdiluicdo em caldo, com base no documento M7MGCLS, 2003), conforme descrito
por Murari et al. (2008). Foram testadas cepasehaois catalogadas e isolados clinicos do
Hospital Universitario de Santa Maria (Tabela 2).

O ¢leo essencial foi dissolvido em etanol 95% denéoa obter uma solugéo estoque
com concentragcdo de 160 mg/mL. Diluicbes em séniani realizadas de forma a obter
concentracdes entre 8 — 0,0156 mg/mL. Ampicilinaufdizada como antibiético padrdo, em
concentracdes entre 10-0,00976 mg/mL, 2-0,00195mingé 0,1-0,0000976 mg/mL,
determinadas de acordo com o perfil de resisténmeobiana. Controles negativo, positivo e
do produto foram realizados para cada bactériadasfTodos os testes foram efetuados em

triplicata.
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A concentracéo inibitéria minima (CIM) é definidamo a menor concentracdo capaz
de inibir completamente o crescimento microbiarms pocos de microdiluicdo, conforme
detectado a olho nu, enquanto que a concentragéericada minima (CBM) € a menor

concentracdo em que 0 composto € capaz de agir lcachericida.

Teste de toxicidade paraArtemia salina L.

O teste de toxicidade com naupliosAttéemia salina(Leach) foi realizado de acordo
com metodologia adaptada de Vanhaecke et al. (1€&lpvos dé\. salina(30 mg) foram
eclodidos entre 22-29°C em salina artificial (2B dé sal marinho e 0,7 g/L de bicarbonato
de sodio em agua destilada). Apds 24 horas, 10inawgeArtemia salinaforam transferidos
para placas de petri contendo 9 mL de salina @dife 1 mL da amostra a ser testada. Os
testes foram realizados em triplicata, em duastiggies. A contagem dos nauplios mortos e
vivos foi realizada apos 24 h.

O odleo essencial (103 mg) foi dissolvido em etafiolmL) e diluido em salina
artificial de forma a obter concentragdes finaibdb, 257,5, 103 e 10 8)/mL. Eugenol foi
utilizado como substancia padréo, em concentrafp@is de 514, 257, 135,1 e 13,6/mL.
Controle negativo foi realizado com etanol diluft@00 em salina artificial. Os valores de
ClLso € seus intervalos de confianca de 95% foram edosl por analise de Probitos (Tabela

2).

RESULTADOS E DISCUSSAO

As inflorescéncias dé. gratissimumforneceram 0,6% (m/m) de 6leo essencial
contendo cinco constituintes (Tabela 1) identifasaditravés da analise por CG/EM. O
composto majoritario, identificado como eugenol ,98%), determina o quimiotipo do

material vegetal estudado.
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“Tabela 1”

Rendimentos e composicdo quimica similares aosdabtineste estudo foram
verificados por Vieira et al. (2001) para o ¢lesezxial obtido das partes aéreasQle
gratissimum Contudo em relacdo ao 6leo obtido apenas dasresfiéncias de plantas do
quimiotipo eugenol, o rendimento, teores de eugen®tariofileno obtidos neste trabalho
foram superiores aos valores reportados anteridenpar Kothari et al. (2005).

Dentre os sesquiterpenos identificados constata-seelativa predominancia de
compostos com esqueleto cadinanem(uroleno, a-copaeno eJd-cadineno). A origem
biossintética comum destes compostos a partir dmncagermacradienilico ouE( 2)-
germacrilico pode ser uma possivel explicacdo pata fato (Steele et al., 1998; Bulow;
Koénig, 2000).

Monoterpenos nao foram detectados no Oleo essedamlinflorescéncias d@.
gratissimum A auséncia destes constituintes tem sido relad@rao metabolismo vegetal
e/ou dano mecanico a planta (Figueiredo et al.7R@ara plantas dos génefdsimumsp. e
Perilla sp. tem sido sugerido que a sintese de fenilptogas, especialmente eugenol e
compostos relacionados, € baseada em efeitos daesnaenquanto que a producédo de
monoterpenos € um fator recessivo (Sangwan &0dll).

O dleo essencial das inflorescénciasQlegratissimumapresentou valores de CIM
entre 0,5-2 mg/mL para as bactérias Gram-positigakadas e 1-2 mg/mL para as Gram-
negativas (Tabela 2A maior resisténcia das bactérias Gram-negativagd® de Oleos
essenciais ja é descrita na literatura e parecelesgdo a grande complexidade da dupla
membrana apresentada por estes microrganismos,ligita a difusdo de compostos
hidrofobicos, através de sua cobertura lipopolesdica (Burt, 2004; Holley; Patel, 2005).

“Tabela 2”
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O mecanismo da acdo antibacteriana dos compost@dictes ndo esta totalmente
elucidado. Alguns estudos indicam que estes exanseseus efeitos na membrana atraves de
nuMerosos mecanismos, como ruptura, complexa¢c&ulosrato, inativacdo enzimatica e
quelacdo de metais. Em relacdo aos demais commgsnedot 6leo essencial em estudo, a
atividade antibacteriana pode ser conferida pglafilia dos hidrocarbonetos de estrutura
terpénica, que permite sua particdo nos lipidiosmdambrana celular, aumentando sua
permeabilidade e desestabilizando a estrutura lldacBacteriana (Sikkema et al., 1995;
Cowan, 1999).

A alteracdo do perfil de acidos graxos e rompimealdanembrana bacteriana, com
liberacdo de constituintes intracelulares, foramifieados frente a microrganismos Gram-
positivos e Gram-negativos para o eugenol (Walshl.et2003; Gill; Holley, 2006a; Di
Pasqua et al2007). Adicionalmente, a inibicdo da atividade dEPAse ligada a membrana
de E. coli e L. monocytogeneambém foi demonstrada experimentalmente e relade a
acao bactericida deste composto (Gill; Holley, 2009.

Em relac&o aos constituintes de natureza terpémpemags-cariofileno ed-cadineno
tém atividade antimicrobiana descrita frente a &sge bactérias pelo método de
microdiluicdo em caldo (Skaltsaa et al., 2003).e&stlados, no entanto, mostram-se
controversos, uma vez que nao foi detectada atleiqaras-cariofileno frente &. coli
enteropatogénica (EPEC)Ee coli enterotoxigénica pela mesma metodologia (Duart. et
2007).Possiveis explicacbes seriam as diferencas exastemtre as cepas testadas e a baixa
solubilidade dos hidrocarbonetos sesquiterpéniensagua a qual, segundo Griffin et al.
(1999), estaria relacionada a sua baixa atividatieecrobiana.

Para o Oleo essencial das folhas @e gratissimumsao considerados possiveis
mecanismos de atividade antimicrobiana a permeabdio da membrana citoplasmatica

verificada emListeria innocua(Nguefack et al., 2004) e efeitos anti-virulénera Shigella
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sp. por diminuicdo na atividade da protease extrEre conteludo de ramnose d®
lipopolissacarideo e incidéncia de invasividadea(bkun et al., 2003).

Dentre as bactérias Gram-positivas testadas, faramficados maiores valores de
CIM para os isolados clinicos d@e cereuscausador de endocardite bacteriang, aureus
resistente a meticilina, em relacdo a suas respsctiepas catalogadas. Estes resultados
confirmam sua maior resisténcia e nao surpreendema vez que isolados clinicos
freqientemente mostram-se resistentes inclusivargosicrobianos de utilizacdo terapéutica
(Neely; Holder, 1999). Adicionalmente, foi dete@adtividade bactericida com valores
idénticos de CIM e CBM (2 mg/mL) para a cepa padi@Binterococcus faecaliesistente a
vancomicina, o0 que torna 0 Oleo essencial testadwm (possivel fonte de novos
antimicrobianos frente a este microrganismo, cojpgdes terapéuticas sdo extremamente
limitadas (Bruin; Riley, 2007).

O dleo essencial das inflorescéncias também denooretao bactericida e, em alguns
casos, bacteriostéatica frente a bactérias Gramtimagaausadoras de diarréia, como EPEC,
Shigellasp. eSalmonellasp. Estes resultados fornecem uma possivel egabcpara o uso
popular da planta inteira como antidiarréico ens@gaafricanos (Kaou et al., 2008).

Na avaliacdo da toxicidade de compostos ativostetegs vegetais parArtemia
saling um valor de Ckg inferior a 100Qug/mL permite considerar o composto como bioativo
(Meyer et al., 1982). No presente trabalho, tardmap 0Oleo essencial das inflorescéncias
(ClLsp = 233,8 (200,7 — 272,Q)g/mL) quanto para o eugenol (6= 186,1 (144,1 — 228,5)
ug/mL) demonstraram toxicidade sem diferencas etita$ entre si. Portanto, estes dados
concordam com a atividade antibacteriana detectagla, como com as demais atividades
relatadas para o eugenol. Contudo, considerandm-sarater toxicoloégico do teste, as
amostras demonstraram toxicidade que, segundo Rared. (2001), é passivel de ser

correlacionada a testes de toxicidade aguda orainémais.
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Embora a atividade antibacteriana detectada sejaardplo espectro, merecendo
destaque a acao frente a microrganismos resistemsetados clinicos locais, os altos valores
de CIM e CBM obtidos e a toxicidade observada patamia salinadesaconselham o uso
interno de monopreparados a bas®©dgratissimumAlternativa para sua utilizagdo com esta
finalidade seria em associacfes com antibidtiais, dste ja descrito na literatura para o 6leo
essencial das folhas (Jettlbva et al., 1992; lwalokun et al., 2003), ou emparacdes de uso
topico no caso de lesdes infectadas, uma vez guwerificada neste trabalho atividade frente
a S. aureuscepa causadora de infeccOes cutaneas. Entretantos estudos sédo necessarios
para comprovar a viabilidade e seguranca destagogigbes, bem como a inocuidade

toxicolégica das mesmas.
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Tabela 1.Composicdo quimica do 6leo essencial das infléresas dé&Ocimum gratissimum

L.
Formula Componente % Tr IRcal IRref
CioH120; Eugenol 81,94 26,895 1359 1359
CisHzs o-Copaeno 1,57 27,491 1377 1377
CisHoa S-Cariofileno 3,14 28,902 1421 1419
CisHo4 y-Muuroleno 12,58 30,831 1483 1480
CisHzs 0-Cadineno 0,77 32,098 1525 1523

% = Porcentagem relativdir = Tempo de retencédRcal = Indice de retencéo calculado;

IRref = indice de retenc&o de referéncia
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Tabela 2. Atividade antibacteriana do 6leo essencial (OE) idlsrescéncias d®©cimum

gratissimuniL.

Microrganismo testado CIM (mg/mL) CBM (mg/mL)

OE Ampicilina OE Ampicilina

Gram-positivo

Bacillus cereuATCC 14579 05 0,78.10 1 31,25 .10
Bacillus cereugisolado de endocardite) 1 15,6 210 4 0,5
Enterococcus faecal&TCC 51299 2 3,12. 10 2 > 0,05
Staphylococcus aureusTCC 25923 1 0,39 .1 4 > 0,05
MRSA® 2 31,25 . 10 4 >1

Gram-negativo

Escherichia colESBL” 2 >5 2 >5
Escherichia colEPEC 2 39.10 2 0,25
Shigellasp. 1 3,9.16 2 0,5
Shigella flexneri 2 3,9.10 2 >1
Salmonellasp. 1 3,9.18 2 >1
Salmonella choleraesu&STCC 10708 1 25 . 19 2 0,05

2 Staphylococcus aureusesistente a meticilina? Escherichia coli produtora de beta-

lactamase de espectro estendfdéscherichia colienteropatogénica.
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Abstract

Different ethanolic extracts d@dcimum gratissimunk. (Lamiaceae) had their yield, eugenol
content, antibacterial activity, and toxicity comga in order to define the best extraction
method to optimize the medicinal use of this psan antibacterial agent. The extracts were
obtained by maceration, soxhlet, ultrasonic clegrath (UCB), ultrasonic horn (UH), and
microwave-assisted extractions (MAE). Eugenol contgas determined by GC-FID, using
the pure compound isolated from aerial parts ofplaet as a reference. Antibacterial activity
was assayed by the broth microdilution method. dibxiwas verified by the brine shrimp
(Artemia salinal.) lethality test (BSL). Significant differencasnong the extraction methods
were observed in all analyses. Maceration was #st extraction process, considering the

biological activities of all the extracts.

Key Words:
Ocimum gratissimuprLamiaceae, extraction methods, antibacterialvégtitoxicity, eugenol

content.

Abbreviations:

BSL: brine shrimp lethality test; ESBL: extendecksipum [-lactamase-producing
Escherichia coli EPEC: enteropathogenicEscherichia coli MAE: microwave-assisted
extraction; MBC: minimum bactericidal concentratioMIC: minimum inhibitory
concentration; MRSA: methicillin-resistantStaphylococcus aureus TTC: triphenyl
tetrazolium chloride; UCB: ultrasonic cleaning hdthH: ultrasonic horn; VRE: vancomycin-

resistanEnterococcus faecali$WVHO: World Health Organization.
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1. Introduction

According to the World Health Organization (WHOYoat three-quarters of the
world population relies upon traditional remediesainly herbs) for their health care [1].
Additionally, the WHO recognizes the importancaradicinal plants to the health systems of
many developing countries [2].

Ocimum gratissimunh.. (Lamiaceae), commonly known as alfavaca or basil, is
one of the medicinal plants that is presently betansidered for inclusion in the
phytotherapy program of Brazil’'s National Healths&m. This species is native to Africa,
and is cultivated and naturalized throughout Brg2i#4]. It has been used as a topical
antiseptic and as a treatment for conjunctivitr®nishitis, and diarrhea, among others [4-7].
Its wide-spectrum antimicrobial activity has beemfirmed and described in many studies
[8-10]. This activity has been related to a higmteat of eugenol in the essential oil, as
analyzed by bioautography [11].

This report compares different ethanolic extractsCo gratissimumobtained by
maceration, soxhlet, ultrasonic cleaning bath (UGBjrasonic horn (UH), and microwave-
assisted extractions (MAE), in regard to their gjetugenol content, antibacterial activity,
and toxicity, in order to define the best extractinethod to optimize the medicinal use of this

plant as an antibacterial agent.

2. Material and Methods

2.1. Plant Material
Aerial parts ofO. gratissimumri. were grown in Jardindpolis, S&o Paulo, Braklie
plant material was collected in March 2007, driedd stored in closed dark packages until

the extractions. To obtain pure eugenol, aerialspaere grown at the Universidade Federal
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de Santa Maria, Rio Grande do Sul (RS), Brazil, emitected in December 2006 and March
2007. Voucher specimens were deposited in the Dmpanto de Biotecnologia da
Universidade de Ribeirdo Preto (Voucher no. 1328§ an the Herbarium of the
Departamento de Botanica, Universidade Federalat@éaSMaria, Santa Maria, RS, Brazil
(Voucher no. SMDB 11167). The plants were iderdifigy Lin Chan Ming and Adelino

Alvares Filho, respectively.

2.2. Obtaining ethanolic extracts from O. gratissim

Plant material was pulverized at 6Qth before extraction by soxhlet, ultrasonic, and
microwave-assisted processes. All extractions \weréormed with 95% ethanol in triplicate.
Extraction time, temperature, and solvent volunrafda weight ratio (mL/g) of the different
methods are described in Table 1.

Sonochemical procedures were carried out in arasdtic cleaning bath (UCB)
(model Ultrasonic Cleaner 1440D - Series Evolutéd kHz and 100 W) and ultrasonic horn
(UH) (model VC 750, Sonics, 20 kHz working frequené50 W). The horn was operated on
a 40% cycle at 2.5 cm from the surface of the ektya solution. Microwave-assisted
extraction (MAE) was performed in a Multiwave 3060crowave using a quartz closed-
vessel system. The microwave energy program used mghest temperature 100 °C, ramp
of 5 minutes until 300 W, followed by 5 minutes rafdiation. In the finishing process, the
vessels containing the extraction solution werdesmbfor 30 minutes before opening.

All extracts obtained were filtered and stored limsed amber bottles until they were
concentrated under reduced pressure, at 40 °C, Mexextracts were placed in a desiccator
and kept at room temperature until constant weiyglglds are expressed as a percentage of

the total amount of the extracted plant material.
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2.3. Eugenol purification from ethanolic extractsdaguantitative analyses

The eugenol purification process from the ethaneltract ofO. gratissimumwas
developed to permit quantitative analyses by ga®snchtography with flame ionization
detection (GC-FID), with reduced interference frother constituents. The procedure was
initially performed in pilot columns. Fractions (20L) obtained in the pilot column were
monitored by TLC (silica gel F254, chloroform-tohee 85:15, detection: anisaldehyde-
H.SQOy) to determine which fractions contained the conmpbof interest.

For the purification procedure, the extracts (abdOGD mg) were added to a
chromatography column (1 x 29.5 cm), containingyXd silica-gel 60 (Merck, 70-230 mesh)
and eluted with chloroform-toluene 85:15 at 2 mldmrhe fractions containing eugenol
according to the pilot columns [maceration: fragti®-13 (100-260 mL); soxhlet: fractions 5-
15 (80-300 mL); UH: fractions 5-14 (80-280 mL); UCHBactions 5-12 (80-140 mL); MAE:
fractions 3-13 (40-260 mL)] were concentrated undetuced pressure, at 40 °C. The
resulting solution was diluted with the eluent @rBL in a volumetric flask and submitted to
GC-FID analyses. To determine the repeatabilitghef procedure, the other fractions were
compared by TLC with the corresponding fractionshef pilot column.

Quantitative determination by GC-FID was performediuplicate by analyzing the
area below the curve. Eugenol obtained flomgratissimurmand diluted in dichloromethane
at 1.038 mg/mL was used as an external standard.

GC-FID analysis was performed on a Varian gas chtograph Model 3800 coupled
with flame ionization detection, using the Star Watation 6.6 system for data acquisition
and a CPSil 5CB column (100% methyl silicone, 30xr9.25 mm i. d. x 0.1Qum film
thickness). Operating conditions: injection volum@lL; injector temperature 220 °C; oven
temperature program 40-260 °C; 40 °C for 4 min; pamate 4 °C/min; and detector

temperature 310 °C.
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2.4. Extraction, isolation, and characterizationeafgenol from O. gratissimum

Fresh aerial parts @. gratissimumwere submitted to steam distillation for 3 h in a
Clevenger-type apparatus. After extraction, themsal oil and hydrolate were collected and
submitted to liquid-liquid extraction with hexariéhe organic phase was evaporated at 40 °C
and the residue was stored at -20 °C in arglzess bottles until purification.

The residue (210.7 mg) was purified by silica-G€l eluted with dichloromethane at
1mL/min. The 14 fractions of 20 mL obtained werenimmred by TLC and pooled according
to their chromatographic profiles. Fractions 4-60-200 mL) were concentrated (103.8 mg),
analyzed by gas chromatography with mass spectrgreC-MS) and NMR, and identified
as eugenol.

GC-MS analysis was performed on an Agilent-6890 @asmatograph coupled with
an Agilent 5973 mass selective detector, using &-MB column (5% phenyl - 95%
methylsiloxane, 30 m x 0.25 mm i. d. x 02%) and EI-MS of 70 eV. Operating conditions:
split inlet 1:100; carrier gas He; flow rate 1 mlininjector and detector temperature 220 °C;
detector interface temperature 250 °C. Chromatdgecagpnditions were the same as the GC-
FID analysis. NMR spectra were recorded on a BriieX 300 FT-NMR at 400 MHz foH
and 100 MHz for®C in CDCE with TMS as the internal standard.

Eugenol (Fig. 1): Rt (GC): 29.83 min; EI-MS m/z)(%64 [M'] (100), 149 (35), 137
(22), 133 (20), 131 (35), 121 (22), 103 (53), 93)(57 (64), 51 (35)'H NMR & (ppm) 3.16
(2H, d,J 6.8Hz, H-7), 3.65 (3H, s, OGH 4.92 (2H, m, H-9), 5.68 (1H,s, OH), 5.81 (1H, m,
H-8), 6.52 (1H, d,) 6Hz, H-6), 6.53 (1H, d] ~2.5Hz, H-3), 6.72 (1H, dd,~2.5Hz and 6Hz,
H-5); °C NMR & (ppm) 39.68 (C-7), 55.71 (OGH 111.08 (C-9), 114.26 (C-3), 115.22 (C-

6), 120.97 (C-5), 131.67 (C-4), 137.68 (C-8), 143C-1), 146.34 (C-2).
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2.5. Antibacterial activity

The antibacterial activity of the extracts was gedaby the broth microdilution
method as established by M7-A6 [12] for bacteriae Test microorganisms included ATCC
and clinical isolates from the University HospibélSanta Maria (Table 2).

Bacterial strains were grown for 16 - 24 h at_33 %C in Mueller Hinton agar. The
inoculum for the assays was prepared by diluting ¢kll mass in 0.9% NaCl solution,
adjusted to the McFarland scale 0.5 (1 & @8U/mL), and confirmed by spectrophotometric
reading at 625 nm. Cell suspensions were finallyteil in Mueller Hinton broth to 1 x 10
CFU/mL.

The extracts were diluted in 95% ethanol. Serikltidins were performed so that the
final concentrations of the extracts ranged fronouabl10.550 to 0.020mg/mL for P.
aeruginosaATCC 27853 ance. faecalisATCC 51299, and 2.637 — 0.005 mg/mL for the
other strains. Inoculum (106L) was added to all wells. The plates were incubate35_+
2°C for 24 h. The extracts were examined in trgikcthree times. Antimicrobial activity was
detected by adding 20L of 2% triphenyl tetrazolium chloride (TTC) aqueosolution.
Ampicillin was used as the reference antimicrolz@htrol, in concentrations of 5-0.00488
mg/mL, 1-0.000975 mg/mL, and 0.5-0.0000488 mg/micoading to the antimicrobial
resistance profileNegative and positive controls of the product wesed for each bacterial
strain tested.

The minimum inhibitory concentration (MIC) was calered as the lowest
concentration of the sample that prevented visigi®wth. Minimum bactericidal
concentrations (MBCs) were determined by sub-cui¢guin Mueller Hinton agar at 35 2 °C
for 48 h from each negative growth tube. MBCs waeéned as the lowest concentration

yielding negative subcultures.
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2.6. Brine shrimp lethality test (BSL)

The BSL was carried out by using nauplii of brifgimp Artemia salina(Leach),
according to the methodology adapted from Vanhaetlet. [13]. Brine shrimp eggs (30 mg)
were hatched at 22-29 °C in artificial sea watdriclv was prepared with about 23 g/L of sea
salt and 0.7 g/L of sodium bicarbonate in distillwdter. After 24 hours, 10 phototropic
nauplii were added to petri plates containing 9 ofilartificial sea water and 1 mL of stock
solution of the extract.

The extracts 0D. gratisssimuni60 mg) were dissolved in ethanol (1 mL) and didute
in artificial sea wateto obtain final concentrations of 1000, 600, 30@) 450ug/mL. Plates
were incubated at 22-29 °C for 24 hours, and th@bmr of survivors was counted. The
samples were examined twice, in triplicate. Thatp@scontrol consisted of eugenol in final
concentrations of 514, 257, 135.1, and 1&BmL under the same experimental conditions.

The negative controls were tested with ethanokekd :100 in artificial sea water.

2.7. Statistical analysis

The percentage data for extractive yield and eugemmposition were transformed
using the arcsine transformation methodology [T4le results for extractive yield, eugenol
composition, MIC, and MBC of each microorganism evanalyzed by one-way ANOVA.
The mean values were compared by the Tukey honssgphficant difference (HSD) test.
MICs that did not show homogeneity of variancesenanalyzed by the Kruskal-Wallis test
followed by the Mann-Whitney testCs, values and 95% confidence intervals for the BSL
test were calculated by Probit analySsatistical analysis between experimental resuds w
based on Spearman’s rank correlatioj. Significant difference was statistically considered

at the level of P < 0.05.
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3. Results and discussion

The extracts differed significantly in yield andgemol content (Table 1). In contrast
to the observations of Vinatoru et al. [15], thentemts of the dry residues obtained by
ultrasound were not higher than those obtainedldgsical methods. The largest yields were
obtained by soxhlet (19.5 %); however, the extomcttime was longer than with the
ultrasound and microwave-assisted extractions. Ealgeontent was also lower in the extract
obtained by ultrasonic methods, compared with tassacal maceration (11.6 %) and soxhlet
(10.0 %) procedures. These results contrast teetbbserved foSalvia officinalis where the
ultrasonic process was more efficient in extracting active compounds [16]. Ultrasound
irradiation can disrupt plant cell walls, facilita the release of their contents. The
mechanical effects of ultrasound induce a greagaeation of solvent into cellular materials
and improve mass transfer [17].

Between the two types of ultrasound methods usedjgnificant differences could be
detected in the extractive yield. However, UCB asted more eugenol than did UH. This
may result from the higher extraction frequencydubg the first method. According to
Vinatoru [18], when high-frequency ultrasound ispéoyed, the extraction yield does not
increase significantly; however, the degradatiornhef herb constituents may be diminished.
Eugenol degradation during stocking by dissociatibphenolic hydrogen has been described
[19]. The process of dissociation, however, mayuocfrom sonication, as observed
previously for pure water. Furthermore, the fredigals formed may lead to the formation of
additional compounds in the extractive medium [d0lis hypothesis may be one explanation
for the lower eugenol content in the UH extract.

The extractive yield and eugenol percentage okttieacts obtained from MAE were
similar to the classical maceration process, agtdri than ultrasound methods. Chen et al.

[23] also obtained an increase of extractive yielith this methodology compared with an



81

ultrasonic bath for the extraction @anoderma atrumin MAE, the microwaves interact

selectively with the polar molecules present inndl trichomes, or vascular tissues.
Localized heating leads to the expansion and raptdircell walls, and is followed by the

liberation of content into the solvent [24].

Regarding antibacterial activity (Table 2), theragts obtained by ultrasound methods
had similar MIC values against Gram-positive baatdyoth among each other and in relation
to the classical maceration procedure. An excepittas the UCB agains$. aureusATCC
25923 (MIC = 0.66 mg/mL), for which the MIC valueas/the lowest of all methods. For
Gram-negative bacteria, UH extraction was morecéffe than the other extraction processes
against extended-spectrunB-lactamase-producingEscherichia coli (ESBL) and S.
choleraesuisATCC 10708 (MIC = 1.32 mg/mL). Bactericidal acties were only observed
in the case of UCB against vancomycin-resistamterococcus faecali8TCC 51299 (VRE)
andB. cereusATCC 14579.

The extracts obtained by the classical proceduresmaceration and soxhlet
demonstrated bacteriostatic activity against neatlystrains tested. Onlgalmonellasp.
showed resistance, which was observed for all etetit@sted, independently of the extraction
method used. However, of the conventional techrglesver MIC values to Gram-positive
bacteria occurred when maceration was used. The exdeption to this was VRE, which
showed its lowest values in the cases of soxhldtraitrowave extracts. The extraction of
compounds that are active against this strain seéerbs favored by the high temperatures of
both processes. However, for the other bacteniains, the same factor may have caused the
thermal degradation of some compounds with a symeftect, or increased the extraction of
constituents with an antagonist effect in regardnitbacterial activity. The extract produced
by MAE may have been less affected by this fadb@ntthe extract obtained by soxhlet,

because of the faster extraction time.
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Only the conventional techniques generated extrdbtds were active against
enteropathogeni&scherichia coli(EPEC) andShigellasp. Other diarrheagenic pathogens
such asShigella flexnerandS. choleraesui&a TCC 10708 also showed susceptibility to these
extracts. This activity may explain the popular o$e¢his plant for the treatment of diarrhea
[4, 21]. Although the MIC values found in the pnesstudy are not adequate for clinical use,
the long-term utilization of preparations of thifagt may contribute to the control of
diarrheagenic bacteria. On the other hand, maoceratas the extractive method that gave the
best results against methicillin-resistaBtaphylococcus aureu§MRSA) (MIC = 0.66
mg/mL). This activity should be evaluated furthemce increases in disease caused by
community- and hospital-acquired MRSA have beerudwmnted in recent years [22].

In contrast, as observed by ultrasonic methodshen dase of some bacteria, the
microwave process did not show higher antimicroadaivity than other processes against the
strains tested. Fd3. cereusATCC 14579S. aureuATCC 25923, ESBL, an®. aeruginosa
ATCC 27853 the microwave process had MIC valuasissically equal to one or both
conventional processes and to the ultrasonic psesesvith the exceptions of UCB agaiSst
aureusATCC 25923, soxhlet againBt cereusATCC 14579, and UH in the case of ESBL.
Furthermore, this extractive method was as effecisy UCB again$. flexnerj as were both
ultrasonic methods against MRSA. Similar bactegtictivity was detected for maceration
and UH againsB. cereusATCC 14579, and for soxhlet and UCB extractioniagfaVRE.

All the extracts of. gratissimunwere bactericidal to only some of the Gram-positive
bacteria, except the extract obtained by soxhleinsyS. flexneri(MBC = 2.63 mg/mL).
Furthermore, bactericidal activity was observedydnol the extract obtained by microwave
against endocarditis-isolatd®l cereusand for the extracts by classical methagainstS.

aureusATCC 25923. However, considering only the resoltdactericidal activity of the
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extracts against Gram-positive bacteria, a positmeelation s = 0,894) between eugenol
content and activity is apparent.

Differences in observed susceptibility among Grameive and Gram-negative
bacteria have been described in the literatur@sglting from the interaction of a number of
factors, including differences in the cytoplasmiembrane/ glycoprotein interface, as well as
greater physicochemical complexity of the Gram-tiggacell wall [25].

The highest MIC values for all extracts were detdctagainstPseudomonas
aeruginosaATCC 27853, with no significant differences amahgm. This result confirms
the high intrinsic resistance described for thiar@mnegative bacillus, which is related to the
low outer-membrane permeability, coupled with selewy resistance mechanisms such as
antibiotic efflux pumps and biofilm formation [262R

The mechanism of antimicrobial activity of phenaliempounds, such as eugenol, is
incompletely understood. In general, these compswEpear to exert their activity at the
cytoplasmic membrane through mechanisms such astratdo complexing, membrane
disruption, enzyme inactivation, and metal chefati@8-29]. Eugenol causes structural
alterations in the fatty-acid profile and membrahsruption, with leakage of intracellular
constituents, in both Gram-negative and Gram-pa@sithicroorganisms. Inhibition of the
membrane-bound ATPase activity B$cherichia coliandListeria monocytogenesas also
shown experimentally on isolated membranes, arate@lto the bactericidal activity of this
compound [30-33].

The possibility of a synergistic or antagonistidi@t between eugenol, one of the
principal components of the ethanolic extractofgratissimumand small amounts of other
components in this study should not be neglectedalse the eugenol content did not explain
all the observed differences among the bacteriostattivities of the methods tested.

Furthermore, correlation between these parametassnot verified by Spearman’s test (P <
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0.05) Among the constituents d@. gratissimumreported in the literature, oleanolic acid,
some flavonoids, and caffeic acid esters had @rgimicrobial action reported in other plants
and/or in the isolated form [35, 37-40]. The preseaf these constituents in the extracts may
have caused the effects observed.

All ethanolic extracts oD. gratissimundemonstrated bioactivity using the BSL test
(Table 1) according to the Meyer et al. [34] clasation (LGso< 1000 pug/mL). The LGy
results were lower than reported previously for étfiganolic residue (Lf§g= 1807.6pg/mL)
[35] and differed statistically according to thetrextive method, except between the
microwave and soxhlet procedures. The extract nétaby maceration (L§g= 331.3ug/mL)
was shown to be the most toxic. It was followedUdy, UCB, and finally soxhlet/MAE, in
decreasing order of toxicity. However, a lowersh@alue was detected for eugenol &
186.1pg/mL). These results suggest that this compoural nmxture was less toxic because
of a reduction of its concentration and that thigoacof other constituents potencialized the
toxicity of the extracts.

Negative correlationr{ = - 0,949) between brine shrimp toxicity and thenber of
bacterial strains with lowest MIC values for exteacbtained by the different processes could
be observed in this study. This relation amongstedso was described for species of the
family Euphorbiaceae with antibacterial activityg][3Thereby, the maceration procedure may
be the best method to obtain ethanolic extrac@.ajratissimunwith respect to its biological
action, since maceration showed the lowestoldahd MIC values (for 5 strains) among the
extraction methods tested. The second-best methggidb produce more active extracts
would be the ultrasound methods, followed by saxduhel/or MAE.

However, in the selection of an appropriate extoactechnique, the cost, time
required for extraction, and the volume of solveséd must also be considerg&daditional

solid-liquid extraction methods such as maceratind soxhlet require large quantities of
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solvent and are time-consuming (Table 1). The laageount of solvent used not only
increases operating costs but also causes additemaronmental problems [17, 41].
Therefore, the optimum extraction conditions ofagbnic and microwave processes should
be determined, in order to optimize the extractdrihe active constituents in the shortest
time, with the least consumption of organic solgearid with increased pollution prevention

and antibacterial activities of the respective &otis.
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Fig. 1. Chemical structure of eugenol
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Table 1

Experimental conditions, extract yield, eugenol position, and toxicity by brine shrimp lethalitysteof ethanolic extracts dbcimum

gratissimuniL.
Extraction Methods Eugenol
Maceration Soxhlet UH ucB MAE
Experimental conditions
Time 3 x 7 days 30h 1h 1h 5 min
Temperature (°C) Ambient 78 13-44 40 41-81
Solvent volume/sample weight ratio (mL/g) 43.8(84.6) 8.6 10 10 10
Extract yield (%) 11.8b 19.5a 10.2bc 7.9c 12.1b
Eugenol composition (%) 11.6a 10.0b 4.6d 7.8c 11.8a
BSL
LCso(pg/mL) 331.3 793.4 456.9 586.5 999.4 186.1
95% Confidence interval 302.1-363.1 690.9-951.8 3.9511.4 523.9-655.4 796.3-1429.9 144.1 - 2285

T Means followed by different letters were signifidgndifferent (P< 0.05) by one-way ANOVA followedybTukey honestly significant

difference test.



Table 2

MIC and MBC (mg/mL}*? of ethanolic extracts dbcimum gratissimurh.

Bacteria Extraction Methods Ampicillin
Maceration ~ Soxhlet UH ucB MAE
Gram-positive
Bacillus cereuATCC 14579 MI¢ 1.32b 2.63a 1.32bc 1.32c 1.32abc  0.00078
MBC 2.64a > 2.63 2.64a 1.32b 2.64a 0.03125
Bacillus cereugendocarditis isolate) MIT 0.66a 2.63b 0.66ac 0.66¢ 2.64d 0.0156
MBC >2.64 >2.63 >2.64 > 2.64 2.64 0.5
Enterococcus faecaliBTCC 51299 MIC 10.56a 5.28b 10.58a 10.57a 5.28b 00312
MBC >10.56 10.57a >10.58 10.57a 10.56a > 0.05
Staphylococcus aureusT CC 25923 MIC 1.32a 1.32a 1.32a 0.66b 1.32a 0.00039
MBC 2.64a 2.63a > 2.64 > 2.64 > 2.64 > 0.05
MRSA3 MIC® 0.66¢c 2.63a 1.32abc 1.32b 1.32b 0.03125
MBC > 2.64 > 2.63 > 2.64 > 2.64 > 2.64 >1
Gram-negative
Escherichia colESBL’ MIC 2.64a 2.63a 1.32b 2.64a 2.64 >5
MBC > 2.64 > 2.63 > 2.64 >2.64 >2.64 >5
Escherichia colEPEC MIC 2.64a 2.63 > 2.64 >264 >264 0.0039
MBC > 2.64 > 2.63 > 2.64 >2.64 >2.64 0.25
Pseudomonas aeruginosd CC MIC 10.56a 10.57a 10.58a 10.57a 10.56a 1
27858 MBC > 10.56 >10.57 >10.58 >10.57 >10.56 >1
Shigellasp. MIC 2.64a 2.63a > 2.64 >2.64 >2.64 0.0039
MBC > 2.64 > 2.63 > 2.64 >2.64 >2.64 0.5
Shigella flexneri MIC 2.64a 2.63a 2.64a 1.32b 1.32b 0.0039
MBC >2.64 2.63 >2.64 >2.64 >2.64 >1
Salmonellasp. MIC >2.64 >263 >264 >2.64 >2.64 0.0039
MBC > 2.64 > 2.63 >2.64 >2.64 >2.64 >1
Salmonella choleraesuSTCC 10708 MIC 2.64a 2.63a 1.32b >2.64 2.64a 0.025
MBC >2.64 >2.63 >2.64 >2.64 >2.64 0.05




! Means followed by different letters were signifidg different (P< 0.05) by one-way
ANOVA followed by Tukey honestly significant diffence test* Standard error of the means

were omitted for easy viewing (S.E.M.0.01);® Methicillin-resistaniStaphylococcus aureus

4 5

Extended-spectrum B-lactamase-producing Escherichia coli Enteropathogenic
Escherichia coli® MIC analyzed by Kruskal-Wallis test followed by RaWhitney test (P<

0.05).



4 RESULTADOS ADICIONAIS

4.1 Andlise da fragmentacao do eugenol por EM-IE

O composto isolado apresentou uma massa molabelld64 u.m.a. evidenciada pela
presenca do sinal correspondente no espectro d&aspsr impacto eletrénico (EM-IE) com
feixe de elétrons de 70 eV (Figura 10). A altanstdade deste pico, que corresponde ao pico
base, é caracteristica de compostos aromaticos) éteres aromaticos e fendis, e deve-se a
estabilizacdo do ion molecular pelo anel arom&®icVERSTEIN, WEBSTER, 2000). A
Figura 11 apresenta uma proposta de fragmentag@opaugenol, a qual sera descrita a

seqguir.
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Figura 10 - Espectro de massas por impacto eletr@o do composto isolado (A) e do
eugenol (B, NIST 98)
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Figura 11 — Proposta de fragmentacao do eugenol p&M-IE em 70 eV.

A partir do ion molecular [M com m/z 164 u.m.a., a quebra da ligagdao anel
aromatico, com liberacdo de um radical metila (Ib.a.), origina um fragmento de m/z 149
u.m.a. (rota a). A partir deste ion, o rompimerds ligacdes entre os carbonos 1 e 6, e, 6 e 5,
por dupla fragmentacéo deste ion rearranjado permite a eliminacdo de ZZu(m.a.) e a
formacao de fragmento com m/z 121 (rota d). O asgordeste ion e subsequente eliminacao
de CO originam o fragmento com m/z 93 (rota f), quo novas fragmentacdes, com
eliminacdo de moléculas neutras e rearranjos fasnfiagmentos com m/z 91 u.m.a. e m/z
65 u.m.a. No entanto, o fragmento de m/z 121 pofterssambém uma reacéo de retro Diels-

Alder (rota g), com eliminacdo do fragmento de maiassa (66 u.m.a.) como molécula



neutra e formacao do fragmento com m/z 55 u.mauabd, apds eliminacao deHorigina o
fragmento de m/z 53 u.m.a..

A perda de agua intramolecular (18 u.m.a.) e dadiupgmentacaa com eliminagao
de CO (28 u.m.a.) do fragmento de m/z 149 u.miginar o fragmento de m/z 103 u.m.a.
(rota e), o qual por sua vez, apés rearranjo eirdicdo de etino (26 u.m.a.), forma o
fragmento com m/z 77 u.m.a.. Este por uma reacaetdeDiels-Alder permite a eliminacéo
de uma nova molécula de etino (26 u.m.a.) e a foimde um fragmento de m/z 51 u.m.a.

A partir do ion molecular (m/z 164 u.m.a.), atsadé@ eliminacdo de radical Og81
u.m.a.), forma-se o fragmento de m/z 133 (rotal®liminacéo de kipor este ion forma um
novo fragmento de m/z 131 u.m.a..

O ion molecular (m/z 164 u.m.a.) ao sofrer eliméwado radical etenila (27 u.m.a.)
devido a fragmentacdo benzilica, forma o fragmeleton/z 137 u.m.a. (rota c), o qual por
rearranjo, seguido por eliminacdo de particulanag{® u.m.a.), origina o fragmento de m/z
107. Este ion pode eliminar novamente uma molaueldra de etino (26 u.m.a.) formando o
fragmento com m/z 81 u.m.a. ou sofrer uma duplgnientacaoo, eliminando CO (28
u.m.a.) e formando um fragmento com m/z 79 u.nhaperda de K por este ion forma
novamente o fragmento de m/z 77 u.m.a.. Além digsbagmento de m/z 79 u.m.a pode
sofrer reacdes de retro Diels-Alder originando ragrhentos de m/z 39 u.m.a (rota i), por
eliminacdo de particula neutra de 40 u.m.a., e58/a.m.a (rota h), por eliminacéo de etino
(26 u.m.a.). Este ultimo ion, também por eliminadaot, origina um novo fragmento de
m/z 51 u.m.a..

Com base no modelo de fragmentacédo apresentadsyiestancia (Figura 10A), foi
sugerido pelo banco de dados do equipamento, uneadse substancias com fragmentacdes
semelhantes as da amostra. Dentre as substangessdas, o eugenol (Figura 10B) foi o
composto que apresentou um modelo de fragmentag&opmdximo ao do composto isolado.
O espectro de massas da substancia isolada tanstémmleeacordo com os dados descritos na
literatura para o eugenol (ADAMS, 2001).



5 DISCUSSAO GERAL

O metabolismo secundario vegetal funciona como adedi na interacdo entre a
planta produtora e o seu ambiente. Desta formmsaintese de metabdlitos secundarios pode
ser freqientemente afetada por fatores como sadadel ritmo circadiano, estagio de
desenvolvimento do vegetal, temperatura, dispodédke hidrica, radiacdo ultravioleta,
ataque por patogenos, entre outros (VERPOORTE, MHNIE, 2002; GOBBO-NETO,
LOPES, 2007). Neste estudOcimum gratissimunk.. mostrou ter o teor e composi¢cao de
seus 0Oleos essenciais alterados de acordo comao gggetal (manuscrito 1). Além disso,
influéncias de fatores abioticos decorrentes daredirlade, como grau de insolacdo e
precipitacdo, também foram observadas. As foll@mgudo, corresponderam ao 6rgao vegetal
com o conteudo de 6leo essencial e o teor de elgenmms influenciaveis pelos parametros
considerados.

Muitos dos compostos produzidos pelo metabolisncars#ario atuam como agentes
de defesdrente acompetidores, herbivoros ou patégenos na tentagvananutencdo da
sobrevivéncia e saude do organismo produtor. Est@steristicas tornam estes constituintes
uma boa fonte de agentes terapéuticos para doarieasiosas, onde a morte ou injaria de
um microrganismo e/ou parasita € desejada (BAKERI.et2007). Em algumas espécies
vegetais, compostos fendlicos, como o eugenol, diélm considerados como 0s principais
responsaveis pela atividade antimicrobiana (BURID42 RIOS, RECIO, 2005). De acordo
com Cowan (1999), constituintes aromaticos saoufetgmente obtidos a partir de um
extrato bruto etandlico ou metandlico. Em virtudenaghior toxicidade relatada para o metanol
em testes biologicos (ELOFF, 1998), o solvente agatr utilizado para a obtengdo dos
diferentes extratos d®. gratissimunfoi o etanol, que também é empregado na producédo de
tinturas e extratos fluidos em geral.

Para a avaliacdo da atividade antimicrobiana depostos e/ou extratos sdo descritas
trés metodologias. Estas correspondem aos métaddgusao, diluicdo e bioautografia. Em
decorréncia do fato do método de diluicdo ser afadp para andlise de extratos e/ou
compostos polares e ndo polares e para determimsivalores de concentragao inibitoria
minima (CIM) e concentracdo bactericida minima (QBRCOS et al., 2006), esta

metodologia foi utilizada para o estudo da ativelahtibacteriana do 6leo essencial das
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inflorescéncias (manuscrito 2) e dos extratos ditaygddas partes aéreas (manuscrito 3pde
gratissimum

Frente as cepas catalogadasBlecereus EVR e S. choleraesuie aos isolados
clinicos de EPECShigella sp e Salmonella spo 6leo essencial das inflorescéncias foi
bacteriostatico em menores concentracdes que ostaxtetanolicos das partes aéreas. A
maior atividade do Oleo essencial em relacdo a@textle uma mesma planta ja foi relatada
pelo método de difusdo em agar em estudos de oeg@écies vegetais, conMentha
longifolia ssp.longifolia, Origanum vulgaressp.vulgaree Cordia curassavicgSAHIN et al.,
2004; GULLUCE et al., 2007; HERNANDEZ et al., 2007)

Melhor acdo antibacteriana foi verificada para odragos etandlicos deO.
gratissimumem relacdo ao 6leo essencial das inflorescénotadef a cepa padrédo &
aureuse aos isolados dB. cereus MRSA, ESBL eShigella flexneri Estes resultados
indicam que constituintes distintos daqueles pteseno 6leo essencial podem ser co-
responsaveis pela atividade biologica dos extrdista inferéncia baseia-se também no teor
de eugenol detectado nos diferentes extratos, emgwe o conteudo verificado, além de ser
inferior ao valor detectado no 6leo, ndo permiteobma correlagcdo com as diferentes acdes
bacteriostaticas determinadas. A ocorréncia degsmo de acdo entre o eugenol e outros
fito-compostos, desta forma, deve ser considei@€eatre os constituintes ja identificados em
O. gratissimumacido oleandlico, alguns flavondides e derivadiosicido caféico ja tiveram
sua presenca relacionada a atividade antimicrob&maoutras espécies vegetais e/ou
comprovadan vitro (GRAYER et al., 2003; BYLKA, MATLAWSKA, PILEWSKI,2004;
CUSHNIE, LAMB, 2005; HORIUCHI et al., 2007). No amto, no caso deste trabalho deve-
se levar em consideracdo que foram analisadosedites partes do vegetal coletados em
localidades distintas, o que por si sO pode tgirmado variabilidade nos resultados.

Em relacdo a acdo bactericida deve-se ressaltaat@m do Oleo essencial das
inflorescéncias ter demonstrado atividade frentedas as cepas testadas, enquanto que o0s
extratos etandlicos agiram apenas contra bact@iam-positivas. A Unica excecao a este
caso foi o extrato obtido por soxhlet frente adaido clinico deShigella flexneri A maior
resisténcia das bactérias Gram-negativas deseriiteratura parece ser devido a interagdo de
inUmeros fatores, como diferencas na interfaceeengmbrana citoplasmatica e glicoproteina
e a maior complexidade fisico-quimica da paredalaretla célula Gram-negativa (HOLLEY,
PATEL, 2005). Contudo, os resultados observado®moser resultantes das diferencas de

composicao entre as amostras, inclusive no quefsesraos teores de eugenol. Se forem



100

consideradas apenas bactérias Gram-positivas, Aacdes de conteddo de eugenol
verificadas nos extratos podem explicar a atividzatgericida dos mesmos frente a um maior
ou menor numero de cepas bacterianas. Esta ac&ugknol tem sido descrita como

decorrente da alteracédo do perfil de acidos graxosmpimento da membrana bacteriana,
com liberagcdo de constituintes intracelulares, lwemo devido a inibicdo da atividade da

ATPase (WALSH et al., 2003; GILL, HOLLEY, 2006albt PASQUA et al.2007).

O estudo da toxicidade utilizandatemia salinaL. como modelo biolégico permitiu
verificar diferencas entre os extratos obtidos pmtintas metodologias extrativas. Foi
possivel, inclusive, a proposicdo de uma ordemodéitlade entre os extratos, a qual
coincide quase que perfeitamente com a atividatmianobiana. Da mesma forma, o 6leo
essencial, que se mostrou mais ativo frente a alguwepas bacterianas, apresentou um valor
menor de concentracdo letal média {§}Lo que caracteriza, portanto, maior toxicidade em
comparagao aos extratos. Estes resultados estacoddo com as observagbes de MacRae,
Hudson e Towers (1988), que verificaram toxicidpdea este micro-crustaceo de plantas da
familia das Euforbiaceas com atividade antibaateria

Por outro lado, segundo Parra et al. (2001) odteeks do teste dartemia salinal.
podem ser correlacionados a testes de toxicidad#aagral em animais. Desta forma, 0 uso
interno do 6leo essencial das inflorescéncias eegvatos etandélicos d@. gratissimundeve
ser desaconselhado, uma vez que as referidas amaphesentam toxicidade de acordo com
o critério proposto por Meyer et al. (1982).

A andlise das diferentes metodologias extrativan(mcrito 3) permitiu verificar uma
ligeira superioridade do método de maceracdo eatdel aos demais processos quanto a
atividade antibacteriana. Contudo, a escolha doodoéextrativo mostrou-se claramente
dependente do intuito e/ou finalidade a que o exsa propde. Por exemplo, a extracao por
micro-ondas pode ser utilizada quando é desejadextirato para uso interno frente a cepas
Gram-positivas, devido a baixa toxicidade do eatmatginado. Se o uso externo é desejado, a
obtencdo por sonda de ultrassom pode ser uma alternao demorado processo de

maceracao.



6 CONCLUSOES

- As folhas deD. gratissimunforam as melhores fontes de Oleo essencial e eligen

- O 6leo essencial das inflorescénciasdegratissimumapresenta uma acgéo bacteriostética
superior ao extrato etandlico das partes aéreaseft® cepas causadoras de diarréia. No
entanto, seu uso interno deve ser desaconselhato de sua toxicidade e altos valores de
CIM.

- A utilizacdo do extrato etandlico d@. gratissimumno combate a cepas & aureuse
microrganismos resistentes a meticilina e/ou pa@st de beta-lactamases de espectro
estendido deve ser preferida em relacdo ao Olem@ss$ das inflorescéncias. Neste caso, a
extragdo por sonda de ultrassom permite a obtede&om extrato relativamente eficiente

frente as referidas cepas e com menor toxicidadeabtido por maceracgéao.

- Os extratos d©. gratissimunobtidos por métodos modernos de extracdo e petegso

tradicional de soxhlet demonstraram menor atividddeteriostatica do que o extrato
proveniente da metodologia de maceracao. Em virdadeécnicas extrativas por ultrassom e
micro-ondas nao terem sido otimizadas, este procpssle ser realizado no intuito de

melhorar a atividade antibacteriana.

- A escolha da metodologia extrativa pode serzadh de acordo com o intuito a que o
extrato se propde. Contudo, devido a toxicidad#os aalores de CIM obtidos para alguns
extratos etandlicos de. gratissimumo seu uso interno também deve ser desaconseldado.
entanto, sua utilizagdo em formulacdes tépicas camieséptico pode ser considerada.

- Os resultados de atividade antibacteriana obfidwaO. gratissimumconfirmaram o teste

de toxicidade parArtemia salinaL. como um método preditivo deste tipo de ativalad

- O eugenol ndo pode ser utilizado como Unico naancaa atividade antibacteriana em
extratos etandlicos d€®. gratissimum Estudos adicionais devem ser realizados para

identificacdo de outros possiveis marcadores hicddg
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Abstract
Ocimum gratissimurh.., clove basil or tree basil, is widely distrikdtin tropical and

warm-temperature regions, and is used as a foedritay and for medicinal purposes. This
review compiles phytochemical, anti-infective angitological studies, aiming to synthesize
existing scientific evidence for the uses of thenp as an antimicrobial agent. Some popular
uses reported are as an antiseptic or antidiatrbedl as a treatment for fever, worms and
gastrointestinal complaints. Antimicrobial and patasitic activities were demonstrated in
biological studies. The greatest activity is obsdragainst Gram-positive bacteria, followed
by fungi and Gram-negative bacteria. Different marganisms are susceptible to the action
of the plant preparations; therefore, uses as ibiatic agent, food preservative and pesticide
can be suggested for this species. Because masieastudies were carried out with the
essential oil, its constituents are likely respblesifor the reported activities. Toxicological
pre-clinical studies have shown that oral use i toéerated. Clinical studies with topical
preparations showed mild and tolerable adversetsffélowever, further clinical studies are
necessary to establish whether the pharmacokimspects alter the activities reported in
animal andin vitro studies, and to ensure that gratissimumis safe and efficacious for

human use as an anti-infective agent.

Key works:Ocimum gratissimuiranti-infective, toxicology
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1. Introduction

Ocimum gratissimunk.. (Lamiaceae) is one of the few species belonginthe tribe
Ocimeae that occurs in both the New and Old Wdddt@n et al., 2004). It is an aromatic
herb, 50-250 cm in height, with a woody base. pesennial or annual in cold regions, and
inhabits coastal areas, forests and dry savanwayslclose to human dwellings. It is widely
used medicinally, horticulturally and to flavor fbdlwu, 1993; Ehlert et al., 2004; Paton et
al., 2004).

Great morphological variability is observed for sthplant, specifically in the
indumentum of the stem and leaves and the formnf@ibrescences. Two varieties are
distinguished: var.gratissimum (= O. viride O. suave and O. guineense and var.
macrophyllumBrig. The former has generally hairy stems, pubesand tomentose leaves
and inflorescence shafts; and the latter has stiais are glabrous or have short hairs
scattered on one or two surfaces of the stem, @lableaves or with hairs scattered on the
lower nerves, and hairy inflorescence shafts (Allmrque and Andrade, 1998a).

The aim of this study was to compile an up-to-datd comprehensive review OX.
gratissimumthat covers phytochemical, anti-infective and ¢okbgical studies, in order to

synthesize existing scientific evidence for the ofsthis plant as an antimicrobial agent.

2. Ethnopharmacology and traditional uses

O. gratissimumhas similar ethnomedical uses in African and Arazilian culture.
These similarities originated from the transport Affican plant species together with
knowledge of their traditional uses to Brazil, byrgpeans and African slaves during Brazil's
colonial period. Other common uses in Brazil wendluenced by American Indians

(Albuguerque and Andrade, 1998b).
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In parts of West AfricaQ. gratissimums used as a diaphoretic, stomachic, laxative,
antiseptic, general tonic, and antidiarrheal; aseatment for cough, fever, rheumatic pains,
haemorrhoids, bronchitis and conjunctivitis; andaasingredient of many malaria remedies
(Onajobi, 1986; Iwu, 1993). In Cuba, uses as arspasmodic and for cases of worms and
eye and ear infections are reported for the le@Mesitalvo and Dominguez, 1997). In Brazil,
a tea and tincture of this plant are used as am@sh, and its aerial parts as a condiment for
meat (Matos, 1994; Silva et al., 2006). Table 1 pies other uses oD. gratissimum
reported by Brazilian ethnopharmacological surva@yse nutritional aspects related to its use
in food are summarized in Table 2.

<Insert Table 1 here>

<Insert Table 2 here>

3. Phytochemistry

Many phytochemical screenings have been carriedo@. gratissimumin the dried
plant, the presence of amines, steroids and tetegls, reducing sugars, phenols, essential
oil, flavonoids, saponins and quinones has beenodstrated (Garcia et al., 1998). In the
methanolic (Akah et al., 2007; Akinmoladun et @007; Braga et al., 2007) and aqueous
extracts from leaves, alkaloids, tannins, stercidgenoids, flavonoids, cardiac glycosides
and saponins have been detected. Aqueous extracts |faves have also given positive
reactions for the presence of phenols, anthragesiorardiac glycosidesith deoxy-sugars,
triterpenoids and carbohydrates (Aziba et al., 1998iah and Chikwendu, 1999; Edeoga et
al., 2006; Oboh, 2006b; Akinmoladun et al., 200F9r ethanolic extracts, the literature
describes the presence of tannins, saponins, gaoihanes and cardiac glycosides (Oboh,
2006a). The methanolic extract of flowers showed positiveactions for alkaloids,

triterpenoids, tannins and flavonoids (Braga et 2007). Regarding these phytochemical
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groups, total contents of phenolics of 300 mg Yabgtone extract (Oboh, 2005), 125 + 0.11
mg % by acetone-methanol-water (7:7:6) extract (@hidkeesuk et al., 2005), 0.026-0.049 %
by aqueous extract (Edeoga et al., 2006) and 2 9 % by ethanol extract (Oboh, 2006a).
Contents of carotenes of 2.56 + 0.09 % by hexatm@&x xanthophylls of 7.94 + 0.03 mg %
by hexane extract; tannins of 24.3 + 0.08 mg % tpyeaus extract (Chanwitheesuk et al.,
2005) and 3.512 mg % and flavonoids of 1.994 mgyankethanol extract (Aradjo et al.,
2008) have been reported.

In regard to the isolated constituents, Onajob8@)®btained fairly polar compounds
from a crude lipid extract dD. gratissimumOleanolic acid was isolated from the methanolic
residue (Njoku et al., 1997), and an aliphatic lbgdrbon mixture (&, Cs3, Czs and Gs),
eugenol, caryophyllene oxide and a mixture of stgterol and sitosterol were obtained from
the dichloromethane fraction of the hexane: didrnwethane: ethanol (1:3:1) extract.

An acidic xylan composed of D-xylose (48%), L-araise (16%), D-galactose (16%)
and D-galacturonic acid (20%) was isolated fromdapsular, mucilaginous polysaccharide-
complex of the seeds of this species (Anjaneyahl.e1983).

However, most investigators have studied the esdendil (EO) by gas
chromatography coupled with mass spectrometrycdtaposition suggests the existence of
two chemotypes, one thymol-rich (Sainsbury and ®ofa, 1971; Garcia et al., 1998;
Martins et al., 1999; Yayi et al., 2004; Tchoumbioaigg et al., 2006) and the other eugenol-
rich (Silva et al., 1999; Jirovetz et al., 2003; ddaa et al., 2005; Freire et al., 2006;
Tchoumbougnang et al., 2006). Additional chemotypage also been reported, including
ethyl cinnamate (Dubey et al., 2000) and geraM@ifa et al., 2001).

The chemical composition of the EO©f gratissimunhas been shown to vary during
daytime (Silva et al., 1999; Yayi et al., 2004; Mad et al., 2005). The highest yields of EO

were obtained from plants 2-5 months old and ctdt@at noon (Yayi et al., 2004Also,



117

different relative amounts of the main componentsE® were obtained with different
extractive methods, including steam distillationgrowave oven distillatiorand supercritical
extraction with CQ (Silva et al., 2004). However, eugenol and 1,&g¢la are the most
abundant compounds of the EO at different seasomsreas the highest relative percentage
of sesquiterpenes occurs in spring (Freire eR@bdBH).

Vieira et al. (2001) showethatO. gratissimunvar. gratissimumcontains eugenol as
the major volatile oil constituent and cirsimaritas the major flavone. In contrasd,
gratissimumvar. macrophyllumcontains thymol as the major volatile oil consiti and
xantomicrol as the major flavon&.he structures of major volatiles and other comjplsun
identified inO. gratissimunare shown in Figure 1.

<Insert Figure 1 here>

In the Ocimumclade, 5-hydroxy-6, 7-dimethoxyflavones and 8-axyated flavones
are present in all species (Paton et al., 2004jhénextract ofO. gratissimum rosmarinic
acid, quercetin-3-glycosides (Figure 1 - 1 and 3), kaempferaD}ycosides (Figure 1 - 2
and 13), methoxylated flavone aglycones and theiivdtives (cirsimaritin (Figure 1 - 4),
xanthomicrol (Figure 1 - 5)), luteolin (Figure 1@ and 11) and apigenin (Figure 1 - 6-9, 12)
have been identified (Grayer et al., 2000, 2002).

The presence of caffeic acid esters (nepetoidinand B) in O. gratissimumis
characteristic, and is one feature distinguishivegNlepetoideae from the other subfamilies of

Lamiaceae and related families (Grayer et al., 2003

4. Biological activity

4.1. Antimicrobial activity
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Antibacterial and antifungal activities @f. gratissimunmare shown in Table 3. About
14 of 20 studies and 17 of 18 studies were cawigdwith EO ofO. gratissimumagainst
bacteria and fungi respectively (Table 3). Othedmss used extracts prepared in water (llori
et al., 1996; Iwalokun et al., 2001; Adebolu anaddneji, 2005; Akinyemi et al., 2005; ljeh
et al., 2005), ethanol (Akinyemi et al., 2005; Oeast al., 2005; ljeh et al., 2005; Lemos et
al., 2005; Silva et al., 2005; Faria et al., 200@0h, 2006a) or methanol (Chah et al., 2006;
Braga et al., 2007). The different extraction methased in these studies are not shown in
Table 3.

Used as a fungicide, the EO showed equal or supseffioacy to synthetic commercial
fungicides against pathogens of betelviRepér betleL.) (Tripathi et al., 1985)Ocimum
powder (3%) can be utilized for long-term preseoraiof small lots (3.5 kg) of groundnut
kernels packaged in jute bags and polypropylenginbags againshspergillus parasiticus
(Awuah and Ellis, 2001). The EO (4u8/g) reduced the incidence Blisarium verticillioides
in corn and inhibited total fungal growth over 2dyd, although the fumonislavel in treated
corn was maintained throughout a 6-week storagegén closed conditions (Fandohan et
al., 2004). AgainstA. flavusat pH 3.0 and 4.5, EO activity remained stabldah pHSs,
whereas the efficacy of potassium sorbate as afoeskrvative was reduced at the higher pH
(Nguefack et al., 2004b).

Combined with antibiotics, the EO increased theitivity against Staphylococcus
aureusATCC 9144,Pseudomonas aeruginogal CC 25668 and some fungi (Jettlova et
al., 1992). Iwalokun et al. (2003) reported a dasecof the MIC of antibiotics and an increase
of the susceptibility ofShigella strains against antimicrobial agents in subinbityit
concentrations (0.75 anduf/mL) of EO. Furthermore, these authors suggestéeviaulent
effects of O. gratissimumEO in these concentrations ddhigella sp., and decreased

extracellular protease activity, o-lipopolysaccarrhamnose content, and the incidence of
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invasiveness estimated as keratoconjunctivitisumen pigs. Nguefack et al. (2004a), using
flow cytometry, observed permeabilization of théopyasmic membrane dfisteria innocua
exposed to EO.

Formulations of 2% EO in several bases demonstraigioer in vitro antibacterial
effects than those of commercial antiseptic praglagfainst type strains and clinical isolates
from boils, wounds and pimples. EO was more effiectihen incorporated into hydrophilic
bases than lipophilic ones. Solubilization and weecnulsification grossly reduced its
antimicrobial activity (Orafidiya et al., 2001). kWever, in guinea pigs, the application of an
EO ointment (100Qug/mL) prepared in polyethylene glycol cured expemtally induced
dermatomycoses caused Bgidermophyton floccossuamdMicrosporum gypseunm 11 and
9 days, respectively (Tiwari et al., 2003).

In rats orogastrically infected witBischerichia coli(NCIB 86), the ethanolic extract
decreased white blood count, packed cell volumendgtobin content and neutrophils
circulating in the blood when compared with a cohtiFurthermore, negative results of
ketone, nitrite, protein, bilirubin, hemoglobin anebluction of pus cells, casts, crystals and
bacterial cells in urine were also observed inte@animals. Therefore, the prepared extract
was able to inhibit or cur&. coli infection in rats by modulating or normalizing the
immunological indices. It could also prevent exoesdreakdown of red blood cells and
destruction of the cells by microorganism enteroteXOladunmoye, 2006).

<Insert Table 3 here>

4.2. Antiparasitic activity
The 50% inhibitory concentrations @§ and other experimental results of
antiparasitic activitytests of EO and extracts Of. gratissimumare summarized in Table 4.

The methanol residue @. gratissimundid not produce significant paralysishilaemonchus
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contortusandHeligmosomoides polygyriarvaein vitro (Njoku and Asuzu, 1998). However,
the inhibitory activity against nematode glutatl@o8-transferases (GSTs) producedCay
gratissimumextract may be at least partialy responsible ter anthelmintic effects of this
plant (Fakae et al., 2000). &udition, EO was shown to cause mitochondrial afiens at the
ultrastructural level itHerpetomonas samuelpessaailO0ug/mL (Holetz et al., 2003) and in
promastigotes and amastigoted_efshmania amazonensas IG, values (Ueda-Nakamura et
al., 2006). Decreased activity of the succinateodytome-C reductase enzyme of the
trypanosomatidH. samuelpessodHoletz et al., 2003) and interference in celligion of L.
amazonensigUeda-Nakamura et al., 2006) were also observeer &0 administration.
Furthermore, then vitro pretreatment of mouse peritoneal macrophages ithand 150
ug/mL of EO reduced the indices of association betwgromastigotes df. amazonensiand
the macrophages, followed by increased nitric-oydmduction by macrophages before and
after infection (Ueda-Nakamura et al., 2006).

EO (25-100ug/mL) was as effective as carbofuran in inhibitiagval survival and
egg hatching oPhatylenchus brachyurus in vitrafter 24 h. Reduction in the population
under greenhouse conditions (soil and tomato rawds) also observed for the EO. However,
when it was combined with EO @fcimum basilicun{1:1), the mixture was more effective in
controlling the nematodes, which suggests a sysirgeffect between these oils (Onifade,
2007). Aqueous extract from roots Of gratissimumeffectively controlled the tomato root-
knot nematodéVeloidogyne incognitan soil, with corresponding increases in plantghéi
leaf and fruit yield over the control treatment&Biyi, 2008).

<Insert Table 4 here>

4.3. Antiviral activity
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The aqueous extract of the leavesofgratissimuminhibited HIV-1 strain HTLVIIk
cytopathicity with high antiviral indices. AgainstlV-2 strain GH1, effective activity was
observed when treatment started at 40 min afteis\adsorption, as well as when treatment
was delayed for 2 h, unlike AZT in the latter ca&dditionally, only the extract was able to
attain 90% effective concentration (&Cvalues when high multiplicity of infection (MOI)
with HIV-1 strain GH3 was used and treatment wdayal for 2 h. In Molt-4 cocultures with
Molt-4/HIV, the early cytopathic effect of cell fimm was unaffected by AZT, but was
completely inhibited by the extract at non-cytotoxioncentrations. The plant extract also
inhibited HIV-1 reverse transcriptase activity metsynthesis of DNA from RNA template

and proviral DNA copying by tag polymerase (AyiadaNyadedzor, 2003).

5. Toxicological effects

The mean lethal dose (lsB) values and experimental conditionsacfite toxicity tests
of EO and extracts dD. gratissimunon animals are summarized in Table 5. This talde al
includes the results of mean lethal concentratlddsq) in assays usindrtemia salinal.,
since a good correlation (r= 0.85, p< 0.05) wasoled between this vitro test andn vivo
tests for predicting the oral acute toxicity ofil@xtracts (Parra et al., 2001).

Parra et al. (1999) detected no significant difiess between the acute toxicological
effects of the fluid extract (62% ethanol)@f gratissimunmin mice and the ethanolic vehicle,
as well as in the macroscopic examination of organd tissues, after 14 days of
administration. However, the fluid extract at 30B@wed acute toxicity effects in mice and
nephrotoxic and hepatotoxic signs, 14 days afteingle-dose oral administration, in a
histopathological study (Hernandez et al., 2006).

The aqueous extract of the leavesofgratissimurmadministered orally twice a week

for four weeks in rabbits caused significant andeddependent decreases in liver enzymes
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(alanine aminotransamine, aspartate aminotransamirend alkaline phosphatase) and
hemoglobin level, packed cell volume, red blood Iscebnd white blood cells.
Histopathological changes in kidneys and intes{japinum) were also observed. This was
indicative of diuretic action and of effects on wdischarge and mucus secretion. In the
liver, the extract showed higher necrotic changeésaalow dose (0.4 g/kg) and
hepatoprotective activity at higher doses (1.6 p(Edjfraim et al., 2000, 2003). However, a
diet containing 4% garlic along with 40% leaf sugpént for 14 days did not prevent garlic-
induced hepatotoxicity in rats (Oboh, 2006b). Ameaus extract (500-1500 mg/kg) Of
gratissimumadministered orally in rats for 28 days also did citange normal serum levels
of the liver enzymes, total protein, albumin anlgrithin (Egesie et al., 2006).

Orafidiya et al. (2004a) investigated oral andargeritoneal acute toxicity in mice
and rats, and sub-chronic toxicity of the EO insrah dose-dependent sedative effect of
Ocimumoil was observed during acute and sub-chroniccityxstudies. Changes in weight of
rat testes, hearts, kidneys, intestines and lung® wot statistically significant in analyses
after a 30-day treatment period. However, significiver and brain enlargement was
observed. Analyses of blood biochemical, hematokigiand histopathological findings
showed significant differences between control anehted groups, and revealed an
inflammatory response that transited from acutehimnic on persistent administratiofs
expected, this study suggested t@aimumoil might be better tolerated when administered
orally for systemic delivery, because §3lvalues werehigher and no death during the sub-
chronic test period was observed in this group.dBaan et al. (2008) observed no
morphological alterations in the stomach (5-1000Kgy and liver (>1000 mg/Kg) of rats
after a subacute study. However, at higher dosesstomach wall was altered, due to the
invasion of the lamina propria and adjacent tissogedeukocytes such as neutrophil and

eosinophil polymorphonuclear leukocytes.
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Phytotoxic effects were not observed for the EOduae a fungicide again§tiper
betlecv. Desawari (Tripathi et al., 1985) or as a n@tide againstycopersicom esculentum
cv. West coast TM782C (Onifade, 2007). However, nwwhsed as a fungicide, EO adversely
affected corn kernel germination at 41B/g (Fandohan et al., 2004); whereas an aqueous
extract showed no toxicity to seedlingsvbfina unguiculatgAlabi et al., 2005a).

<Insert Table 5 here>

6. Clinical studies

Topical application ofO. gratissimum(dry or fresh form) showed activity against
dermatophytes of scalp and hands of children (&), after two weeks of twice-daily
application. Oral treatment with an agueous extatinot act against mycoses, but did expel
worms (Obot and Aluyi, 2002).

A clinical study was carried out with 126 subjeciger a period of 4 weeks, to
determine the clinically effective concentrationdamost appropriate base for a topi€al
gratissimumEO formulation for the management of acne vulgdigparations containing
the oil, at 2% and 5%, using alcohol- and cetongarblend bases, were significantly more
effective and reduced lesions faster than 10% hgngeroxide lotion. Adverse effects
reported for the 5% cimumoil preparations were minimal and tolerable. Thsebin which
the oil was incorporated exerted considerable @nfte on its activity. Highest activity was
observed in the alcohol preparation, followed by tletomacrogol blend, polysorbate 80 and
then petrolatum, in which activity was relativebwl (Orafidya et al., 2002). Another clinical
study with 84 subjects found that the efficacyQmimumoil lotion products increased with
increasing aloe-gel content. Products formulateith wndiluted or 50% aloe gel were most

active and resolved inflammatory lesions fastentad % clindamycin preparation. The aloe
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gel alone showed minimal activity. Adverse effestere mild and tolerable (Orafidiya et al.,

2004b).

8. Conclusion

The studies of the biological activities descritbedhis review provide the scientific
basis for ethopharmacological use<ofgratissimunas an antiseptic and antiparasitic agent.
The action against infectious diseases can beetel&d the sum of antimicrobial and
immunological activities, and the action in casdésfaver and worms can be related to
antiparasitic activity. Antidiarrheal effects maye llue to antimicrobial activity against
Enterobacteriaceae

Differences between antimicrobial test methods,roaiganisms, samples and their
compositions can also be found in the literatung, @ not allow broad comparisons between
data. However, the greatest effectivity can be oesk against Gram-positive bacteria,
followed by fungi and Gram-negative bacteria. Thadihgs of the broad spectrum of
antimicrobial activity ofO. gratissimuniead us to suggest that it may have beneficiad ase
a food preservative and pesticide, and in thertreat of some human infectious diseases.

Considering that most studies were carried out Wit EO, its constituents are
certainly responsible or coresponsible for the rub activities. Furthermore, among the
isolated compounds, only oleanolic acid demondratdiparasitic activity. Flavonoids were
not correlated with any of the activities treatedhis review, until now.

Toxicity studies in animals have shown that thianplcan be well tolerated when
administered orally. The Ldg values reported for this form of administratioe &igher than
the therapeutic doses used in many studies, andatedthat this is a safe plant from the
toxicological point of view. Clinical studies card out with topical preparations have also

shown mild and tolerable adverse effects. Despigsé findings, further clinical studies are
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necessary to assess whether pharmacokinetic asgentge the activities detected in pre-
clinical studies or by other forms of administrati@nd to ensure th&. gratissimunis safe

and efficacious for human use as an anti-infecyent.
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Reported uses @cimum gratissimurh. in ethnopharmacological surveys

Parts Ethnomedical use (Preparation(s)) References

used

Flowers Digestive, expectorant and tranquilizer, in casesAlcantara Juanior et al.
flatulence, cough and itching. (2005); Albuquerque et al.
In cases of influenza and headache (decocti@)07).
syrup), stress and fatigue (bath).

Leaves Treatment of bronchitis and cough (syrdp, Stasi et al. (2002);
infusion), colds and as a diuretic (infusion). Sartorato et al. (2004);
Digestive, emenagogue, expectorant, purgative aidantara Janior et al.
stomachic; in cases of headache (decoction, syruf2005); Duarte et al. (2005);
Fresh, as a condiment. Franco and Barros (2006);
In cases of flatulence, hypertension and itchimg, aAlbuquerque et al. (2007);
as a tranquilizer. Agra et al. (2007); Lima et
Treatment of influenza (bath, decoction, syrual. (2007); Oliveira and
infusion), mycosis, and cases of stress and fatighraujo (2007).

(bath).
Roots In cases of cough (syrup), headache (decoatid Di Stasi et al. (2002).

syrup), diarrhea and stomach complaints, and as a
sedative for children (decoction).
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Nutrition aspects of the leaves©f gratissimum

Composition Labels (g%) References
Carbohydrate 2.38 Alabi et al. (2005b)
66.24 - 75.87 Edeoga et al. (2006)
35.61 +0.05 Ifesan et al. (2006)
Crude Fibre 9.26 Alabi et al. (2005b)
10.82 Lopes et al. (2001); Almeida et al. (2003)
4.88 - 8.48 Edeoga et al. (2006)
8.70+0.09 Ifesan et al. (2006)
Crude Protein 11.4 Alabi et al. (2005b)
9.19-17.94 Edeoga et al. (2006)
20.18 +0.09 Ifesan et al. (2006)
Fat 13.7 Alabi et al. (2005b)
1.44 Lopes et al. (2001); Almeida et al. (2003)
1.06 - 4.90 Edeoga et al. (2006)
11.78 +0.09 Ifesan et al. (2006)
Moisture 75.47 Lopes et al. (2001); Almeida et al. (2003)
4.10-7.195 Edeoga et al. (2006)
8.11 +0.10 Ifesan et al. (2006)
Total Ash 10.25 Alabi et al. (2005b)
10.75 Lopes et al. (2001); Almeida et al. (2003)
5.74 - 6.88 Edeoga et al. (2006)
15.62 +0.07 Ifesan et al. (2006)

Food energy

357.68 - 373.26 mg/cal Edeoga e2@0g)

Vitamin B1 0.0002 Alabi et al. (2005b)

Vitamin B6 0.00041 Alabi et al. (2005b)

Nicotinamide 0.00086 Alabi et al. (2005b)

Vitamin C 0.01535 Alabi et al. (2005b)
0.00509 + 0.00006 Chanwitheesuk et al. (2005)
0.0520 +0.0003 Oboh (2005)

Vitamin E 0.0206 £0.0018 mg Chanwitheesuk et al. (2005)
13.34 +0.01 mg Ifesan et al. (2006)

Ca 0.742 Lopes et al. (2001)
2.670 Obiajunwa et al. (2002)
0.0648 Alabi et al. (2005b)
1.46 - 2.46 Edeoga et al. (2006)

K 1.204 Reddy and Reddy (1997)
0.183 Lopes et al. (2001)
2.330 Obiajunwa et al. (2002)
0.08624 Alabi et al. (2005b)
1.68-1.90 Edeoga et al. (2006)

Mg 0.0578 Lopes et al. (2001)
0.0841 Alabi et al. (2005b)
0.46 -0.91 Edeoga et al. (2006)

N 1.43-2.84 Edeoga et al. (2006)

Na 0.060 Lopes et al. (2001)
0.00825 Alabi et al. (2005b)



Cu

Fe

Mn

Ni

Pb
Se
Zn

0.6 -0.85
0.06125
0.37-0.91
0.00304
0.01381
0.00569
0.00335
0.03054
0.01336
0.000685
0.00662
0.0046
0.01215
0.00163
0.0130
0.00796
0.000222
0.00889
0.00685
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Edeoga et al. (2006)
Alabi et al. (2005b)
Edeoga et al. (2006)
Reddy and Reddy (1997)
Obiajunwa et al. (2002)
Alabi et al. (2005b)
Lopes et al. (2001)
Obiajunwa et al. (2002)
Alabi et al. (2005b)
Lopes et al. (2001)
Obiajunwa et al. (2002)
Alabi et al. (2005b)

Obiajunwa et al. (2002)

Reddy and Reddy (1997)

Obiajunwa et al. (2002)
Reddy and Reddy (1997)
Lopes et al. (2001)
Obiajunwa et al. (2002)
Alabi et al. (2005b)
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%\ ? 3CO\|iE )
ugenol

Thymol Geraniol N Oleanolic acid

OH
HQ
Ethyl cinnamate OH

OH
COOH |
R> O
(0]

Rosmarinic acid Nepetoidin A R =H;R,=0H
NepetoidinB R=0H; R,=H

(1) Rutin R= OH; R, = rhamnosyl 1,6 glucose
(2) Kaempferol-3-O-rutinoside & H; R, = rhamnosyl 1,6 glucose
(3) Quercetin-3-0O-glucoside JR OH; R, = glucose

(13) Kaempferol-3-O-glucoside R H; R, = glucose

(4) Cirsimaritin ° R =R,=R5=H; R;=CH;; R, = OCH;

(5) Xanthomicrol R = Rs=H; R3=CHs; R4 =R,=0CH;

(6) Isothymusin R=R5=H;R,=0H; Ry = CH;; R, = OCH;
(7) Vicenin-2 R =R3;=Rs=H; R, = R, =glucose

(8) Vitexin R, =R3=R;=R5=H; R, = glucose

(9) Isovitexin R =R,=R3=Rs=H; R, = glucose

(10) Luteolin-7-O-glucoside R=OH; R, =R,=Rg=H; R3= glucose
(11) Luteolin-5-O-glucoside R= OH; R, = R3=R,=H; Ry = glucose
(12) Apigenin-7-O-glucoside R= R, =R4;=Rs=H; Rz = glucose

Fig. 1

Chemical constituents @. gratissimum



Table 3

Antibacterial and antifungal activities Gcimum gratissimurh.
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Species

Plant preparatioml |IC
(major components ofug/mL)
plant part used)

Other results References

Gram-positive Bacteria
Bacillus cereugn. r.)

Bacillus subitilis
ATCC 6633

CCT 2576

(C. i)

(n.r)

Corynebacterium

glutamicum(n. r.)

Enterococcus faecium
ATCC 10541

CCT 5079

Lactobacilli (n. r.)

Listeria innocua ATCC
33090

Listeria monocytogenes
4140, 11137, 11140
Micrococcus luteusCCT
2692

Rhodococcus equiCCT
0541

Staphylococcus aureus

ATCC 6538

ATCC 25923

53154

EO (47.7% thymol,n.r.
14.3%y-terpinene)

EO (46.7% thymol) n.r.

EO (35.4% thymol,n.r.
10.7% eugenol)

EO (93.8% eugenol1100
4.23% germacrene D)

EO (563.2% thymoln.r.
25.7% y-terpinene,
12.7% eugenol)

EO (47.7% thymoln.r.
14.3%y-terpinene)

EO (47.7% thymol,n.r.
14.3%y-terpinene)

EO (93.8% eugendB00
4.23% germacrene D)

EO (93.8% eugenolR
4.23% germacrene D)
Aqueous extracg5
(leaves)
Ethanolic
(leaves)
EO n.r.

extract30

EO n.r.

EO (93.8% eugenol>2000
4.23% germacrene D)
EO (93.8% eugenol>2000
4.23% germacrene D)

EO (46.7% thymol)  1:3200

EO (57.8% eugenoln.r.
17.19%a-bisabolene)

EO (eugenol) 0.75

EO (61.1 % thymol, 312.5

Glz Ngassoum et al.

(2003)
Glz Janssen ét a

(1989)

Glz Janssen et al.
(1989)
Sartoratto et al.
(2004)

Glz (5 Cimanga et al.

pL/disc) (2002)

Glz Ngassoum et al.
(2003)

Glz Ngassoum et al.
(2003)
Sartoratto et al.
(2004)
Sartoratto et al.
(2004)

Glz lleh et al
(2005)

Glz lleh et al
(2005)

Glz Nguefack et al.
(2004a)

Glz Nguefack et al.
(2004a)
Sartoratto et al.
(2004)
Sartoratto et al.
(2004)

Glz Janssen abt

(1989)

Glz (5 Franco et al.

uL/disc) (2007)

MBC = 1.Blakamura et al.
pg/mL; GIZ (1999)
(25-50u9)

Glz Ndounga and



17.2%p-cymene)

(C.1.) EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)
EO (43.68% thymol,n.r.
21.09%y-terpinene)

Ethanolic extractn. r.
(leaves)
(n.r) EO (47.7% thymol,n.r.

14.3%y-terpinene)
EO (46.4%p-cymene, 1500
4.13% thymol)

Agueous extractl2.5
(leaves)
Ethanolic extract30
(leaves)
EO 0.1%
Aqueous extractR
(leaves)
NICB 8588 Aqueous and ethanolit. r.
extracts
NCTC 6571 EO n.r.
Tox A, Tox A and B, 01EO n.r.
and 04
CCT 2740 EO (93.8% eugenol000

4.23% germacrene D)
BS6a, BS11, BS12 an#ethanolic extract R
BS14

MRSA (C. i) Aqueous and ethanolig5
extracts 22.3
Staphylococcus EO (93.8% eugenolR
epidermides 4.23% germacrene D)
ATCC 12228
Streptococcus faecalis
53142 EO (61.1 % thymol625
17.2%p-cymene)
(n.r) EO (47.7% thymol,n.r.
14.3%y-terpinene)
Aqueous extractl2.5
(leaves)
Ethanolic extractl5
(leaves)

Gram-negative Bacteria
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Ouamba (1997)

Glz (5 Cimanga et al.

pL/disc) (2002)

Glz Acosta et al.
(2003)

Glz (50- Oboh (20064a)

1000ug/mL)

Glz Ngassoum et al.
(2003)

MBC = 20000ussou et al.

pug/mL (2004)

Glz lieh et al
(2005)

Glz lleh et al
(2005)

Glz Adebolu  and
Oladimeji
(2005)
Adebolu  and
Oladimeji
(2005)

Glz (20 Akinyemi et al.
pg/mL/disc) (2005)

Glz Orafidiya et al.
(2006)

Glz Nguefack et al.
(2004a)

Sartoratto et al.
(2004)

Chah et al.
(2006)

and MBC = 37 Akinyemi et al.

and 35.2(2005)

ug/mL; GIZ

(20

ug/mL/disc)
Sartoratto et al.
(2004)

Glz Ndounga and
Ouamba (1997)

Glz Ngassoum et al.
(2003)

Glz lleh et al
(2005)

Glz lleh et al
(2005)



Acinetobacter baumanii

(n.r.)

Aeromonas sobri&C. i.)

Citrobacter sp(C. i.)

Citrobacter diversugC. i.)

Citrobacter freundii(n. r.)

Citrobacter kose(n. r.)

Enterobacter aerogenes

(n.r)
(C.1i)

EO (46.4%p-cymene, 6020
4.13% thymol)
Aqueous extractt6000
(leaves)

EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)

EO (53.2% thymol,R
25.7% y-terpinene,
12.7% eugenol)

EO (46.4%p-cymene, 300
4.13% thymol)

EO (46.4%p-cymene, 12000
4.13% thymol)

EO (46.4%p-cymene, 12000
4.13% thymol)
EO n.r.

Enterobacter agglomerang&O (46.4% p-cymene, 750

(n.r.)

Enterobacter cloacae

(n.r.)

Escherichia coli
(C.1.)

(n.r)

4.13% thymol)
EO (46.4%p-cymene, 1200
4.13% thymol)

Agueous extract32000
(leaves)

EO (53.2% thymol,R
25.7% y-terpinene,
12.7% eugenol)

EO n.r.
Ethanolic extractR
(leaves)

EO (47.7% thymol,n.r.

14.3%y-terpinene)
EO (46.4%p-cymene, 370
4.13% thymol)

Aqueous extractl2.5
(leaves)

Ethanolic extract30
(leaves)

EO 0.01%
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MBC =Qussou et al.

12000 (2004)

ug/mL

MBC =llori et al

31000 (1996)

ng/mL; GI1Z

Glz (5 Cimanga et al.

uL/disc) (2002)
Cimanga et al.
(2002)

MBC = 7500ussou et al.

pug/mL (2004)

MBC =Qussou et al.

24100 (2004)

ug/mL

MBC = 60200ussou et al.

pug/mL (2004)

50% strainPereira et al.

Gl (2004)

MBC = 10000ussou et al.

pug/mL (2004)

MBC =Qussou et al.

12000 (2004)

ug/mL

MBC =llori et al

45000 (1996)

ug/mL; GIZ
Cimanga et al.
(2002)

69.6% Pereira et al.

strains GI  (2004)
Oboh (2006a)

Glz Ngassoum et al.
(2003)

MBC = 3700ussou et al.

pug/mL (2004)

Glz lleh et al
(2005)

Glz lleh et al
(2005)

Glz Adebolu  and
Oladimeji

(2005)



ATCC 8739

ATCC 25922

CCT 0547

NCTC 10418

0:158

6223

BS3 and VT7b

ETEC TR441 and 5041EO

1

ETEC 063 and 6/81H5J EO

EPEC 0031-2 and 0119 EO

EPEC
E234869

0551

EIEC 240-1 and 0461-4 EO

EIEC 1381-7

STEC 0157 and 2781-8 EO

Klebsiella sp(n. r.)

Klebsiella oxytocdC. i.)

Klebsiella ozaenaén. r.)

Klebsiella pneumoniae

anceO

Aqueous extractR Adebolu  and
(leaves) Oladimeji
(2005)
EO (46.7% thymol) 1:1600 Glz Janssen adt
(1989)
EO (35.4% thymol,n.r. Glz Janssen et al.
10.7% eugenol) (1989)
EO (eugenol) 6 MBC = 1Rakamura et al.
ug/mL, GIZ (1999)
(25-50p0)
Aqueous extract206.3 MBC = |lwalokun et al.
(leaves) 337.5 (2001)
ug/mL; GIZ
(3
ug/mL/disc)
EO (93.8% eugenck2000 Sartoratto et al.
4.23% germacrene D) (2004)
EO n.r. Glz Orafidiya et al.
(2006)
EO (57.8% eugenoln.r. Glz (5 Franco et al.
17.19%a-bisabolene) uL/disc) (2007)
EO (61.1 % thymol,312.5 Glz Ndounga and
17.2%p-cymene) Ouamba (1997)
Methanolic extract R Chah et al.
(2006)
900 and Duarte et al.
1000 (2007)
>1000 Duarte et al.
(2007)
600 and Duarte et al.
700 (2007)
>1000 Duarte et al.
(2007)
700 and Duarte et al.
1000 (2007)
EO >1000 Duarte et al.
(2007)
600 and Duarte et al.
800 (2007)
EO (eugenol) 6 MBC = 12Nakamura et al.
ug/mL, GIZ (1999)
(25-50p0)
EO (53.2% thymol,n.r. Glz (5 Cimanga et al.
25.7% y-terpinene, uL/disc) (2002)
12.7% eugenol)
EO R Pereira et al.
(2004)
EO (46.4%p-cymene, 3010 MBC = 60100ussou et al.
4.13% thymol) ug/mL (2004)
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(C.1.) EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)
EO (43.68% thymol,n.r.
21.09%y-terpinene)
EO n.r.

(n.r.) EO (61.1 % thymol,312.5
17.2%p-cymene)
EO (46.4%p-cymene, 750
4.13% thymol)

Morganella morganii EO n.r.
(C.1.)
Plesiomonas shigelloidesqueous extract8000
(C.1.) (leaves)
Proteus sp.
(C. 1) Ethanolic extractn. r.
(leaves)
(n.r.) EO (46.4%p-cymene, 3010
4.13% thymol)
Proteus spp.JH1la, JH5aMethanolic extract R
and SH9a
Proteus mirabilis
(n.r) EO (eugenol) 12
(C.1.) EO (53.2% thymol,R
25.7% y-terpinene,
12.7% eugenol)
EO n.r.

Proteus vulgaris

(C.1i.) EO (61.1 % thymol,312.5
17.2%p-cymene)

(n.r) EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)

NCIB 67 EO n.r.

Pseudomonas aeruginosa
ATCC 13388 EO (93.8% eugendR
4.23% germacrene D)
ATCC 10145 EO n.r.
(C.1.) EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)
EO R
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Glz (5 Cimanga et al.
uL/disc) (2002)
Glz Acosta et al.
(2003)
100% straingereira et al.
Gl (2004)
Glz Ndounga and
Ouamba (1997)
MBC = 10000ussou et al.
ug/mL (2004)
50% strainPereira et al.
Gl (2004)
MBC =llori et al
16000 (1996)
ug/mL; GIZ
Glz (50- Oboh (2006a)
1000ug/mL)
MBC = 40100ussou et al.
ug/mL (2004)
Chah et al.
(2006)

MBC = 24Nakamura et al.
pg/mL, GIZ (1999)

(25-50p0)
Cimanga et al.
(2002)
33.3% Pereira et al.
strains GI  (2004)
Glz Ndounga and
Ouamba (1997)
Glz (5 Cimanga et al.
pL/disc) (2002)
Glz Orafidiya et al.
(2006)
Sartoratto et al.
(2004)
Glz Orafidiya et al.
(2006)
Glz (5 Cimanga et al.
pL/disc) (2002)

Pereira et al.
(2004)



(n.r)

623

SH2b

Salmonella sp(n. r.)
Salmonella sp3039

Salmonella choleraesuis

ATCC 10708

CCT 4296

Salmonella enteritidis

(n.r)

Salmonella typhi
(C.1i)

(n.r.)

Salmonella typhimurium

(C. i)

(n.r.)

Serratia marcescerts386

Serratia marcescens. r.)

Ethanolic extractn. r.
(leaves)
EO (eugenol) >24

EO (46.4%p-cymene, R
4.13% thymol)

Agueous extracts.25
(leaves)

Ethanolic extract30
(leaves)

EO (61.1 % thymol,625
17.2%p-cymene)
Methanolic extract R

EO (46.4%p-cymene, 1500
4.13% thymol)

EO (61.1 % thymol312.5
17.2%p-cymene)

EO (57.8% eugenah, r.
17.19%a-bisabolene)
EO (93.8% eugenols00
4.23% germacrene D)

EO (eugenol) 3
Agueous extracb0000
(leaves)

EO 0.001%
Agueous extractR
(leaves)

EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)

EO 0.01%
Agueous extractR
(leaves)

EO (61.1 % thymol,312.5
17.2%p-cymene)
EO (46.4%p-cymene, 1920
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Glz (50- Oboh (2006a)
1000ug/mL)
Nakamura et al.

(1999)
Oussou et al.
(2004)

Glz lleh et al
(2005)

Glz lleh et al
(2005)

Glz Ndounga and
Ouamba (1997)
Chah et al.
(2006)

MBC = 10000ussou et al.

pug/mL (2004)

Glz Ndounga and
Ouamba (1997)

Glz (5 Franco et al.

uL/disc) (2007)
Sartoratto et al.

(2004)

MBC = @&Nakamura et al.

ug/mL, (1999)

Glz(25-50

1)

MBC =llori et al

62000 (1996)

ug/mL; GIZ

Glz Adebolu  and
Oladimeji
(2005)
Adebolu  and
Oladimeji
(2005)

Glz (5 Cimanga et al.

uL/disc) (2002)

Glz Adebolu  and
Oladimeji
(2005)
Adebolu  and
Oladimeji
(2005)

Glz Ndounga and
Ouamba (1997)

MBC = 2410 OQOussou et al.



Shigella sppBS16

Shigella boydi{C. i.)

Shigella dysenteriagC. i.)

Shigella flexneri

(n.r)

(C. i)

Shigella sonng(C. i.)

Yeast and Fungus
Alternariasp.(Isolate)

Alternaria
(Isolate)
Alternaria
(Isolate)
Aspergillus flavus

(n.r)

padwickii EO

4.13% thymol)

Methanolic extract R
Aqueous extract253
(leaves)

Aqueous extracd000
(leaves)

Aqueous extract337.5

(leaves)

Ethanolic extractn. r.
(leaves)

EO (eugenol) 3
EO (53.2% thymol,n.r.
25.7% y-terpinene,
12.7% eugenol)

Aqueous extract393.8
(leaves)
Aqueous extrac403.1
(leaves)

EO (eugenol) n.r.

Ethanolic extractR

(steam-distillation
residue of aerial parts)

alternate EO (81.24% eugenol250

5.2%p-cymene)
(46.2% thymol,800
20%y-terpinene)

EO n.r.
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ug/mL (2004)
Chah et al.
(2006)
MBC = lwalokun et al.
403.1 (2001)
ug/mL; GlzZ
(3
pug/mL/disc)

MBC = 8000llori et al
pg/mL; GIZ  (1996)

MBC = |lwalokun et al.
562.5 (2001)
ug/mL; GIZ
(3
ug/mL/disc)

Glz (50- Oboh (2006a)
1000ug/mL)

MBC = @Nakamura et al.
pug/mL, (1999)
GlZ(25-50
1)

Glz (5 Cimanga et al.
uL/disc) (2002)

MBC = lwalokun et al.
703.1 (2001)
ng/mL; GIZ
(3
pug/mL/disc)

MBC = |lwalokun et al.
403.1 (2001)
ug/mL; GIZ
(3
ug/mL/disc)

GIZ (10 an&aria et al.
4120 (2006)
pg/disc)
Faria et al.
(2006)

MFC = 2000Tripathi
ug/mL (1985)
MFC = 800Nguefack et al.
ug/mL; GIZ (2007)

et al.

Gl (50Tiwari et al.
ug/mL) (2003)
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Ethanolic extractR Oboh (2006a)
(leaves)
IBT 3660, IBT 15606,EO n.r. Gl (800Nguefack et al.
IBT 15714, IBT 18438 ng/mL) (2004b)
and IBT 19412
Aspergillus fumigatus
(n.r) EO (34% ethyl >1000 Dubey et al.
cinnamate, 30%ug/g (2000)
linalol)
Ethanolic extractR Oboh (2006a)
(leaves)
IBT 16901, IBT 17328,EO n.r. Gl (600Nguefack et al.
IBT 20466, IBT 20886 pug/mL) (2004b)
and IBT 21712
864641 EO (61.1% thymol625 Glz Ndounga and
17.2%p-cymene) Ouamba (1997)
Aspergillus nigeln. r.) EO n.r. Gl (50Tiwari et al.
ug/mL) (2003)
EO (eugenol) n.r. Glz (8CFaria et al.
pg/disc) (2006)
Ethanolic extractR Faria et al.
(steam-distillation (2006)
residue of aerial parts)
Bipolaris oryzaglsolate) EO (46.2% thymol,600 MFC = 600Nguefack et al.
20%y-terpinene) ug/mL; GIZ (2007)
Botryosphaeria rhodina EO (eugenol) n.r. Glz (412Faria et al.
(n.r) ug/disc) (2006)
Ethanolic extractR Faria et al.
(steam-distillation (2006)
residue of aerial parts)
Botrytis cinereglsolate) EO n.r. Gl (500Tripathi et al.
ug/mL) (2008)
Candida albicans
(n.r) EO (34% ethyl 350ug/g Dubey et al.
cinnamate, 30% (2000)
linalol)
EO n.r. Gl (50Tiwari et al.
ug/mL) (2003)
Ethanolic extractn. r. Glz (50- Oboh (2006a)
(leaves) 1000ug/mL)
(C.1.) EO (67% eugenol) 750 Nakamura et al.
(2004)
ATCC 10231 EO (67% eugenol) 1500 Nakamura et al.
(2004)
EO (93.8% >2000 Sartoratto et al.
eugenol,4.23% (2004)
germacrene D)
EO >2000 Duarte et al.

(2005)



Ethanolic extract>2000
(leaves)

ATCC 18804 Methanolic extract250 Glz
(leaves)
Methanolic extract5000 Glz
(flowers)

4872 ATCC/023/CIP EO (61.1% thymoB812.5 Glz
17.2%p-cymene)

Candida kruse(C. i.) EO (67% eugenol) 750
Candida parapsilosis
(C.1i.)

Candida tropicaligC.i.) EO (67% eugenol) 1500

EO (67% eugenol) 380

Cladosporium  herbaruntO (eugenol)

(n.r.)

Colletotrichum capsiciEO (81.24% eugenol500

(Isolate) 5.2%p-cymene) pug/mL

Cryptococcus neoformans

(n.r) EO (34% ethyl 300pug/g
cinnamate, 30%
linalol)
EO n.r. Gl
ng/mL)
(C.1.) EO (57.82% eugenol250
17.19% 0-a-
Bisabolene) and
hexane fraction
Ethanolic extract1000
(leaves)
Chloroform fraction 62.5
Ethyl acetate fraction  >1000
ATCC 32608 Methanolic extract78 GlzZ
(leaves)
Methanolic extract625 Glz
(flowers)
Epidermophyton floccosum
27T EO (eugenol) n.r. Glz
uL/disc)
(n.r) EO n.r. Gl
ng/mL)
Fusarium moniliformdBT EO n.r. Gl
9490, IBT 9494, IBT 9495, ug/mL)
IBT 9498 and IBT 9504
Fusarium solanin. r.) Ethanolic extractR
(leaves)
Fusarium  verticillioideseO (22% p-cymene,n.r. Gl

(Isolate) 17% thymol) ul/mL)

153

Duarte et al.
(2005)

Braga et al.
(2007)

Braga et al.
(2007)

Ndounga and
Ouamba (1997)
Nakamura et al.
(2004)
Nakamura et al.
(2004)
Nakamura et al.
(2004)

Faria et al.
(2006)

MFC = 1000Tripathi et al.

(1985)

Dubey et al.
(2000)

(50Tiwari et al.

(2003)
Lemos et al.
(2005)

Lemos et al.
(2005)
Lemos et al.
(2005)
Lemos et al.
(2005)
Braga et al.
(2007)
Braga et al.
(2007)

(2kima et al.

(1992)

(50Tiwari et al.

(2003)

(500Nguefack et al.

(2004b)

Oboh (2006a)

(2-13.3 Fandohan et al.

(2004)
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Malassezia pachydermatiEO (34% ethyl >1000 Dubey et al.
(n.r.) cinnamate, 30%ug/g (2000)
linalol)
EO n.r. Gl (50Tiwari et al.
ug/mL) (2003)
Microsporum canis
73T, 85T EO (eugenol) n.r. Glz (20ima et al.
uL/disc) (1992)
72T EO (eugenol) R Lima et al.
(1992)
(n.r) EO (34% ethyl 200ug/g Dubey et al.
cinnamate, 30% (2000)
linalol)
(C. 1) EO (32.6% thymol, 9.3620 Diaz et al
p-cymene) (2003)
Ethanolic extract n.r. 100% strairiSilva et al.
Gl (1000 (2005)
png/mL)
Ethyl acetate fraction n.r. 20% strai®lva et
Gl (1000 al.(2005)
ng/mL)
Hexane fraction n.r. 100% strairSilva et al.
Gl (125 (2005)
png/mL)
Chloroform fraction n.r. 100% strainSilva et al.
Gl (1000 (2005)
ng/mL)
EO n.r. 100% strainsSilva et al.
Gl (500 (2005)
ng/mL)
Microsporum gypseum
(n.r) EO (34% ethyl 150ug/g Dubey et al.
cinnamate, 30% (2000)
linalol)
EO 50 Gl (50 Tiwari et al.
ug/mL) (2003)
(C.1.) Ethanolic extract n.r. 80% strairSilva et al.
Gl (1000 (2005)
ng/mL)
Ethyl acetate fraction R Silva et al.
(2005)
Hexane fraction n.r. 100% strairSilva et al.
Gl (125 (2005)
ng/mL)
Chloroform fraction n.r. 100% strainSilva et al.
Gl (500 (2005)
ng/mL)
EO n.r. 100% strainsSilva et al.

Gl (250 (2005)
png/mL)



Microsporum audounii EO

(n.r.)

Microsporum nannum

(n.r.)

Penicillium

(n.r.)

EO
chrysogenuntO (eugenol)

Ethanolic

residue of aerial parts)

Rhizoctoniasp.(n. r.) EO (eugenol)

Ethanolic

residue of aerial parts)

Saccharomyces cerevisd&thanolic
(n.r.) (leaves)

n.

n.

r.

r.

n.r.

extractR
(steam-distillation

n.r.

extractR
(steam-distillation

extractn. r.

Sclerotium rolfsii(lsolate) EO (81.24% eugenol50

5.2%p-cymene)

Ash

Scopulariopsis brevicauli€£O (34%
(n.r.) cinnamate,
linalol)
EO

Trichophyton interdigitaleEO (34%
(n.r) cinnamate,
linalol)
Trichophyton mentagrophytes
(n.r) EO (34%
cinnamate,
linalol)
(C.1.)
p-cymene)

Ethanolic extract

n.

r.

ethyl 400ug/g

30%

n.

r.

ethyl 250ug/g

30%

ethyl 200ug/g

30%

Ethyl acetate fraction

Hexane fraction

Chloroform fraction

EO

(Robin) Blanchard varEO (46.7% thymol)

EO (32.6% thymol, 9.3620

n.r.

n.r.

n.r.

n.r.

. T

1:6400
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Gl (50Tiwari et al.
ug/mL) (2003)
Gl (50Tiwari et al.
ug/mL) (2003)
Glz (412Faria et al.
pg/disc) (2006)
Faria et al.
(2006)
Glz (8Graria et al.
ug/disc) (2006)
Faria et al
(2006)
GIZ (200- Oboh (2006a)
1000ug/mL)
MFC = 250 Tripathi et al.
pug/mL (1985)
Gl (10%) Enikuomehin et
al. (1998)
Dubey et al.
(2000)
Gl (50Tiwari et al.
ug/mL) (2003)
Dubey et al.
(2000)
Dubey et al.
(2000)
Diaz et al.
(2003)
90% strairSilva et al.
Gl (1000 (2005)
ng/mL)
20% straiglva et al.
Gl (1000 (2005)
png/mL)

100% strairBilva et al.
Gl (125 (2005)

ng/mL)

100% strainSilva et al.
Gl (500 (2005)
png/mL)

100% strainSilva et al.
Gl (250 (2005)

ng/mL)

Glz Janssen et al.
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interdigitale CBS 558- (1989)
66
6T, 12T, 16T and 29T  EO (eugenol) n.r. Glz (Rbma et al.
uL/disc) (1992)
146563 EO (61.1 % thymol,625 Glz Ndounga and
17.2%p-cymene) Ouamba (1997)
Trichophyton rubrum
45T, 54T, 75T, 78T,EO (eugenol) n.r. Glz (2@ima et al.
84T, 101T and 118T pL/disc) (1992)
69T EO (eugenol) R Lima et al
(1992)
(n.r) EO (34% ethyl 150ug/g Dubey et al.
cinnamate, 30% (2000)
linalol)
EO n.r. Gl (50Tiwari et al.
ug/mL) (2003)
(C.1.) EO (32.6% thymol, 9.3620 Diaz et al.
p-cymene) (2003)
Ethanolic extract n.r. 100% strairSilva et al.
Gl (1000 (2005)
ng/mL)
Ethyl acetate fraction R Silva et al.
(2005)
Hexane fraction n.r. 100% strairSilva et al.
Gl (125 (2005)
png/mL)
Chloroform fraction n.r. 100% strainSilva et al.
Gl (500 (2005)
ng/mL)
EO n.r. 100% strainsSilva et al.
Gl (250 (2005)
png/mL)
Trichophyton violaceum EO n.r. Gl (50Tiwari et al.
(n.r.) ug/mL) (2003)

C. i.: clinical isolate; EIEC: enteroinvasie coli; EPEC: enteropathogente coli; ETEC:
enterotoxigenicE. colii STEC: shiga-toxin producing. coli; Gl: growth inhibition; GIZ:
growth inhibition zone; MBC: minimum bactericidalorcentration; MIC: minimum
inhibitory concentration; MFC: minimum fungicidalomcentration; MRSA: methicillin-
resistantS. aureusn. r.: not recorded; R: resistant; STEC: shigartgroducerEscherichia

coli.
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Antiparasitic activity ofOcimum gratissimurh.

Species Plant preparationICsg Other References

(form or analyte (composition) observations

tested)

Ascaridia galli Methanol residue n.r. Effect (150MNjoku and Asuzu
mg/Kg) was (1998)
comparable to
levamisole (20
mg/Kg) on
infected
chickens.

Ascaris suum Hydroalcoholic 10 Fakae et al.

(GST) (methanol-water  mg/mL (2000)

1:1) extract

Entamoeba Methanol- n.r. At 100 pg/mL: Moundipa et al.

histolytica methylene 40.32% and (2005)

(Trophozoite form) chloride(1:1) 62.10% of

extract mortality with 2
and 4 days of
incubation in
vitro.

Haemonchus EO (43.7% n.r At 0.5% Pessoa et al.

contortus(Eggs)  eugenol) completely (2002)
inhibited the
hatching of eggs
in vitro. Eugenol
and
thiabendazole
showed to be
equally effective
in this
concentration.

Herpetomonas EO 100 and At 250 pg/mL Holetz et al.

samuelpessoai 91 Gl= 99.3% in (2002, 2003)

ATCC 30252 png/mL vitro.

(defined
and
complex
media)
Leishmania amazonensis
(Promastigote  Hydroalcoholic n.r. At 100 pg/mL Luize et al.
form) (ethanol-water GI=54.7 +0.6% (2005)

90:10) extract

without
haemolytic
effects until 120
min.



(Amastigote
form)

Leishmania
chagasi
(Promastigote
form)

Onchocerca
volvulus(GST)

Plasmodium
berghei

EO 135

pug/mL

Methanolic extracts R
(flowers and
leaves)

Hydroalcoholic n.r.
(ethanol-water
90:10) extract

EO 100

ug/mL

Methanolic extract 71
(Flowers) pug/mL

Methanolic extract R
(Leaves)

Hydroalcoholic 8 mg/mL
(methanol-water

1:1) extract

EO (21.9% y- n.r.

terpinene, 21.1%-
phellandrene)

Plasmodium falciparum

(Chloroquine
sensitive
Ghanaian strain)

(Chloroquine
resistant
W2)

Trypanosoma
brucei brucei

strain methanolic

Methanolic extract
pug/mL

Cloromethylenic, R
and
hydroalcoholic
(methanol-water
1:1) extract
Methanolic extract
3.4

6.0 2.5

32.0 _ +Cytotoxic
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Ueda-Nakamura
et al. (2006)

Without toxicity
towards
mammalian
cells.

Until 250ug/mL
without toxicity
towards
mammalian
cells.

At 100 pg/mL
Gl= 915 +2.0
% without
haemolytic
effects until 120
min.

Without toxicity Ueda-Nakamura
towards et al. (2006)
mammalian
cells.

Without toxicity
towards
mammalian
cells.

Until 250pg/mL
without toxicity
towards
mammalian
cells.

Braga et al.
(2007)

Luize et al.
(2005)

Braga et al.
(2007)

Braga et al.
(2007)

Fakae et al.
(2000)

At 500 mg/Kg Tchoumbougnang
77.8% et al. (2005)
supression of

parasitaemia in

mice.

Cytotoxic Mesia et al.
towards MRC-5 (2008)

cell lines (IG=

120 + 3.1

pug/mL).

Until 50pg/mL Kaou et al. (2008)

Mesia et al.
towards MRC-5 (2008)



ug/mL

Trypanosoma cruzi Hydroalcoholic n.r.
(ethanol-water
90:10) extract

cell lines (IG=

120 + 3.1

pug/mL).

At 100 pg/mL Luize et
Gl=28.3 +4.2% (2005)
without

haemolytic

effects until 120

min.

Methanolic extract 26.0 _ +Cytotoxic Mesia et

2.7
pug/mL

towards MRC-5 (2008)
cell lines (IGo=

120 + 3.1
pug/mL).
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al.

al.

GI: growth inhibition; n. r.: not recorded; R: re&int
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Toxicological evaluation obcimum gratissimurh.
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Animal Plant CLso Test time Effects observed References
model preparation /DLsg / route of

/ plant part (95% administr

used confidenc ation)

e limits)

Artemia Aqueous- <1000 12 h Fakae et al.
salina metanol ppm (2000)

(1:1) extract

/ leaves

Ethanolic 1807.6 24 h Njoku et al.

extract [/ pg/mL (1997)

leaves

Fluid 18.76 24 h Parra et al.

extract (3.14- (1999)

(62% 73.93)

alcoholic pg/mL

content) /

foliage
Cockerel Methanol n.r. 24h/ At 1500 mg/Kg: Njoku and

residue / oral decreased Asuzu (1998)

leaves locomotor activity

for 10 min.

Sprague- Essential oil 0.43 g/Kg 24-72 h/ Dose-dependent  Orafidiya et al.,
Dawleyrat (4% v/v in I.p. sedative effect, 2004a.

1% which  wore out

Polysorbate after 6 days of

80) / leaves repeated

Essential oil 2.29 g/Kg 24-72 h/ administration in

(4% viv in oral sub-chronic studies.

1%

Polysorbate

80) / leaves
Swiss albino Essential oil 0.27 g/Kg 24-72 h/ Dose-dependent  Orafidiya et al.,
mice (4% viv in I.p. sedative effect, 2004a.

1% which  wore out

Polysorbate after 6 days of

80) / leaves repeated

Essential oil 1.41 g/Kg 24-72 h/ administration in

(4% viv in oral sub-chronic studies.

1%

Polysorbate

80) / leaves

Ethanolic 4200 n.r. / oral Atal et al.

extract [ (3557- (1986)

leaves 4842)

mg/Kg
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Fluid 2081.41
extract (1873.82-
(62% 2271.87)
alcoholic mg/Kg
content) /
foliage
Fluid 3.2 g/Kg
extract
(30%) /
leaves
Methanolic n.r.
extract /
leaves
Wistar Aqueous 1264.9
albino rat extract /" mg/Kg
leaves

Essential oil 1750
(diluted in  mg/Kg
corn oil) /

leaves

24 h/
oral

24 h/
oral

24 h/
oral

24h/ip.

24 h/
oral

Sedation, Parra et al.
accelerated (1999, 2001)
breathing,

locomotor

incoordination and

death.

Decreased Hernandez et
locomotor activity, al. (2006)
accelerated

breathing and

death.

At 3000 mg/Kg: no Akah et al.
death or sign of (2007)

acute intoxication

After 2-4h: Mohammed et
decreased al. (2007)
locomotor activity

and sensitivity to

touch.

After 12h:
decreased feed
intake and

prostration

At 1000 and 1500 Fandohan et al.
mg/Kg: 30 min and (2008)

1 day torpid

behaviour.

I.p.: intraperitoneal; n. r.: not recorded



ANEXO

ESPECTROS DE RMN DO EUGENOL
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Figura 12 - Espectro de RMN'*C do eugenol (100 MHz, CDG).
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Figura 13 - Espectros de RMN'H do eugenol (400 MHz, CDGJ).
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Figura 14 - Ampliacdes do espectro de RMRH do eugenol na regido dé 2,7 a 6,9 ppm

(400 MHz, CDCl).
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Figura 15 - Ampliacdes do espectro de RMNH do eugenol na regido deé 6,45 a 6,79
ppm (400 MHz, CDCl).



