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“Mal nos conhecemos

Inaugurdmos a palavra «amigo».
«Amigo» é um sorriso

De boca em boca,

Um olhar bem limpo,

Uma casa, mesmo modesta, que se oferece,
Um coracgéo pronto a pulsar

Na nossa méo!

«Amigo~» (recordam-se, vocés ai,
Escrupulosos detritos?)

«Amigo» é o contrdrio de inimigo!
«Amigo» é o erro corrigido,

Ndo o erro perseguido, explorado,
E a verdade partilhada, praticada.
«Amigo» é a soliddo derrotada!
«Amigo» é uma grande tarefa,

Um trabalho sem fim,

Um espaco util, um tempo fértil,

«Amigo~ vai ser, é jd uma grande festa!”

Alexandre O’Neill
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Resumo

A avaliacdo cientifica e experimental das propriedades das plantas, que os ancestrais
utilizavam na medicina tradicional, conhece um grande desenvolvimento, nomeadamente na
procura de novos compostos com propriedades antioxidantes e anti-microbianas. Os
compostos com propriedades antioxidantes podem ser utilizados na medicina no tratamento
de patologias, relacionadas com o stresse oxidativo, em alternativa a terapéutica habitual, ou
pela indlstria alimentar, na confecdo de alimentos funcionais, ou como substitutos dos
antioxidantes sintéticos. Os compostos anti-microbianos podem ser utilizados no tratamento
de infecoes por microrganismos resistentes aos antibidticos convencionais e na indUstria
alimentar na conservacao dos alimentos. A area florestal portuguesa ascende aos 3,3 milhdes
de hectares, o que representa cerca de 38% do territério, sendo uma importante fonte de
matéria-prima com potencial atividade biologica. De entre o conjunto de constituintes ativos
das plantas, os fenois e os flavonoides tém sido estudados quanto as suas propriedades
antioxidantes e de sequestracao de radicais livres, assim como na inibicao da peroxidacao
lipidica. As propriedades anti-microbianas destes compostos tém sido referidas, pois estes

exercem nas plantas acdo protetora contra microrganismos patogénicos.

0 objetivo geral deste trabalho foi melhorar o conhecimento sobre as atividades bioldgicas de
extratos obtidos a partir de espécies vegetais existentes no ecossistema da Serra da Estrela
(Echinospartum ibericum, Pterospartum tridentatum, Juniperus communis, Ruscus aculeatus,
Rubus ulmifolius, Hakea sericea, Cytisus multiflorus, Crataegus monogyna, Erica arborea,
Ipomoea acuminata e Ailanthus altissima), e de definir procedimentos para a sua extracao e
valorizacao como produtos naturais para uso terapéutico e/ou nutracéutico. Assim, com este
trabalho pretendeu estudar-se as propriedades antioxidantes, anti-microbianas e citotoxicas
de extratos das diversas partes aéreas (caules, folhas, flores e frutos) dos arbustos
mencionados, e analisar o respetivo perfil fitoquimico, no que respeita a algumas classes de

metabolitos secundarios (fenois, flavonoides, taninos e alcaloides).

0 método do reagente de Folin-Ciocalteu foi utilizado para a determinacao do teor de fenois
totais e os taninos foram precipitados, a partir destes, com polivinilpolipirrolidona (PVPP); um
método colorimétrico com cloreto de aluminio foi usado para a determinacédo dos flavonoides,
e o método do reagente de Dragendorff foi utilizado para a estimativa dos alcaloides totais. O
teste do 2,2-difenil-1-picril-hidrazil (DPPH) e o sistema B-caroteno/acido linoleico foram
utilizados para avaliar a atividade antioxidante dos extratos. A identificacao dos compostos
fendlicos presentes nos extratos foi efetuada por cromatografia liquida de alta eficiéncia de
fase reversa (RP-HPLC). A atividade anti-microbiana dos extratos metanodlicos de Hakea
sericea foi avaliada pelo método da difusdo em disco e pela determinacdo da Concentracao

Minima Inibitoria (MIC). A atividade anti-biofilme foi avaliada através da quantificacdo da
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biomassa total do biofilme utilizando o violeta de cristal, e pela avaliacao da atividade
metabodlica do biofilme pelo método do 3-{1-[(phenylamino)-carbonyl]-3,4-tetrazolium}-bis
(4-methoxy-6-nitro)benzene-sulfonic acid hydrate (XTT) . A citotoxicidade foi avaliada por
ensaios de hemolise e pelo teste do 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT).

A maioria dos extratos dos arbustos estudados apresentou um teor elevado de compostos
fendlicos, bem como, propriedades antioxidantes significativas, que sdo provavelmente
devidas a existéncia dos compostos fendlicos nos extratos, dado que se observou uma
correlacdo linear positiva entre o indice de Atividade Antioxidante (AAl) e teor de fenois
totais dos extratos. O procedimento de RP-HPLC mostrou que os compostos mais comuns eram
os acidos ferllico e elagico e a quercetina. Destaca-se que para as espécies Echinospartum
ibericum, Hakea sericea e Ipomoea acuminata, nao existem estudos fitoquimicos anteriores e
nao se conhecem utilizacoes destas plantas na medicina tradicional. No geral, os extratos das
folhas tém maior concentracdo de compostos fenolicos do que as outras partes aéreas dos

arbustos.

Resultados preliminares demonstraram as potenciais propriedades anti-microbianas da
espécie Hakea sericea, que é um arbusto invasivo nas florestas Portuguesas. Neste trabalho
foi avaliada a atividade anti-microbiana de extratos de Hakea sericea em varias espécies de
microrganismos, incluindo a capacidade de inibicdo da formacao de biofilmes. Adicionalmente
foram avaliadas as propriedades citotoxicas destes extratos em células humanas. Para as
bactérias Gram-positivas, os valores de MIC dos extratos metanodlicos de Hakea sericea
variaram entre 0.040 e 0.625mg/mL, enquanto para o extrato dos frutos se obtiveram os
menores valores de MIC para varias espécies de microrganismos, nomeadamente,
Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes e estirpes clinicas de
Staphylococcus aureus resistentes a meticilina (MRSA). Os extratos dos caules e dos frutos
(2.5mg/mL) erradicaram completamente os biofilmes das estirpes Staphylococcus aureus
ATCC 25923, SA 01/10 e MRSA 12/08. Relativamente a toxicidade destes extratos, para as
folhas, nao foi observada hemolise, e no caso dos caules e dos frutos, apenas se verificou
hemolise para concentracoes muito elevadas, o que sugere a baixa toxicidade destes
extratos. O extrato dos frutos nao apresentou nenhum efeito téxico para as células NHDF
(Normal Human Dermal Fibroblasts), no entanto, para as concentracdes de 0,017 e
0.008mg/mL, este extrato diminuiu a viabilidade da linha de células cancerigenas MCF-7
(human breast adenocarcinoma cells) em 60%, como os resultados do teste do MTT

comprovaram.

Apo6s se ter verificado que o extrato metanodlico bruto dos frutos de Hakea sericea
apresentava significativa atividade bioldgica, procedeu-se ao seu fracionamento bioguiado, o
que levou ao isolamento e identificacdo de um novo alquenilresorcinol, o acido 9-(3,5-
dihidroxi-4-metilfenil)nona-3-(Z)-endico, composto aqui pela primeira vez descrito. A

estrutura deste novo composto foi comprovada por espetroscopia de ressonancia magnética
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nuclear (NMR), de infravermelho (FTIR) e por espetroscopia de massa de alta resolucao
(HRMS). As propriedades antibacterianas do novo alquenilresorcinol foram estudadas pela
determinacdo dos seus valores de MIC contra varias bactérias Gram-positivas e Gram-
negativas, utilizando o método da resazurina. O alquenilresorcinol isolado e identificado
inibiu o crescimento das bactérias, Enterococcus faecalis, Listeria monocytogenes e Bacillus
cereus, com valores de MIC de 0.31, 0.02 e 0.16mg/mL, respetivamente. Baixos valores de
MIC foram também obtidos contra as estirpes de Staphylococcus aureus (0.005-0.16mg/mL),
incluindo os isolados clinicos (SA 01/10 e SA 02/10) e as estirpes de MRSA.

Dado que foram identificados nos extratos das plantas estudadas, varios compostos fenolicos,
nomeadamente os acidos galico, cafeico e clorogénico, e como este grupo de compostos
possui diversas atividades bioldgicas, foram neste trabalho analisadas as suas potenciais
propriedades anti-microbianas e anti-biofilme em estirpes de Staphylococcus aureus, bem
como o seu mecanismo de acao. Concluiu-se que estes acidos fendlicos tém propriedades
antiestafilococicas, por exemplo, o acido galico influenciou as propriedades de adesao das
células de Staphylococcus aureus. A producdao de a-hemolisinas por estes microrganismos
também foi inibida pelos acidos galico e cafeico. Em relacdo ao seu mecanismo de acédo, o
acido cafeico interfere na estabilidade da membrana e com a atividade metabdlica das

células de Staphylococcus aureus.

Em suma, este trabalho, contribuiu para o melhor conhecimento das propriedades biologicas
de diversas espécies vegetais, valorizando algumas para as quais ndo é conhecida nenhuma
aplicacao na medicina tradicional, nomeadamente Echinospartum ibericum, Ailanthus
altissima, Hakea sericea. Por outro lado, permitiu isolar de uma espécie invasora, um novo
alquenilresorcinol com propriedades anti-microbianas, permitindo deste modo contribuir para

a valorizacao da biomassa florestal e para a descoberta de um potencial novo antibiotico.

Palavras-chave

Compostos fenolicos, atividade antioxidante, atividade anti-microbiana, biofilmes, Ailanthus

altissima, Hakea sericea, acido 9-(3,5-dihidroxi-4-metilfenil)nona-3-(Z)-endico
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Abstract

Fueled by the search for new compounds with antioxidant and antimicrobial activities, the
scientific and experimental evaluation of the properties of plant already used by our
ancestors in traditional medicine, as seen a great development in recent years. Such
compounds can be used as an alternative or together with more traditional therapies to treat
oxidative stress related pathologies or in the food industry, for the production of functional
foods, or as a substitute for synthetic antioxidants. The antimicrobial compounds can be used
to treat infections by microorganisms resistant to conventional antibiotics, or they can be
used in the food industry, for food preservation. The Portuguese forest area amounts to 3.3
million hectares, which represents about 38% of the territory, and can be seen as an
important source of raw material with potential biological activity. Among the set of possible
active plant constituents, phenols and flavonoids have been studied due to their antioxidant
properties and ability to sequestrate of free radicals as well as for the inhibition of lipid
peroxidation. In addition it is known that these compounds exert in plants a protective action

against pathogenic microorganisms, thus indicating potential antimicrobial properties.

The aim of this work was to improve the knowledge on the biological properties of plant
extracts obtained from naturally occurring species in the Serra da Estrela ecosystem
(Echinospartum ibericum, Pterospartum tridentatum, Juniperus communis, Ruscus aculeatus,
Rubus ulmifolius, Hakea sericea, Cytisus multiflorus, Crataegus monogyna, Erica arborea,
Ipomoea acuminata and Ailanthus altissima), and to define procedures for their extraction
and recovery as natural products for therapeutic and/or nutraceutical use. This work focused
then on studying the antioxidant, antimicrobial and cytotoxic properties of the extracts of
various aerial parts (stems, leaves, flowers and fruits) of the mentioned shrubs, and to
analyze their phytochemical profile, with respect to some classes of secondary metabolites

(phenols, flavonoids, tannins and alkaloids).

The method of Folin-Ciocalteu was used to determine the total phenols, and tannins were
precipitated from these with polyvinylpolypyrrolidone (PVPP). A colorimetric method with
aluminum chloride was used for the determination of flavonoids and the Dragendorff's reagent
method was used for the estimation of total alkaloids. The 2,2-diphenyl-1-picryl-hydrazyl
(DPPH) method and B-carotene bleaching test were used to evaluate the antioxidant activity
of the extracts. The identification of phenolic compounds present in the extracts was
performed by reversed-phase-high performance liquid chromatography (RP-HPLC). The
antimicrobial activity of methanolic extracts of Hakea sericea was evaluated by the disk
diffusion method and the Minimum Inhibitory Concentration (MIC) was determined. The anti-
biofilm activity was evaluated by measuring the total biomass of biofilms using the crystal

violet assay, and the metabolic activity of the biofilm was assessed by the method of 3’-{1-
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[(phenylamino)-carbonyl]-3,4-tetrazolium}-bis  (4-methoxy-6-nitro)benzene-sulfonic  acid
hydrate (XTT). Cytotoxicity was assessed by hemolysis assays and by the test of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT).

Most of the studied shrubs extracts showed a high content of phenolic compounds, as well as
significant antioxidant properties. Since a positive linear correlation between the Antioxidant
Activity Index (AAl) and the total phenolic content of the extracts was observed, antioxidant
properties are probably due to the presence of phenolic compounds in the extracts. The
procedure of RP-HPLC showed that the most common compounds were ferulic and ellagic
acids and quercetin. It is noteworthy that for the species Echinospartum ibericum, Hakea
sericea and Ipomoea acuminata, there were no previous phytochemical studies and no known
uses of these plants in traditional medicine. Overall, the extracts of the leaves had higher

concentrations of phenolic compounds than other aerial parts of the shrubs.

Preliminary results demonstrated the potential antimicrobial properties of Hakea sericea,
which is an invasive shrub in Portuguese forests. In this study the antimicrobial activity of
Hakea sericea extracts was evaluated against various species of microorganisms, including the
ability to inhibit the formation of biofilms. In addition the cytotoxic properties of these
extracts were evaluated in human cells. For Gram-positive bacteria, MIC values of Hakea
sericea methanolic extracts ranged between 0.040 and 0.625mg/mL, whereas fruit extract
showed the lowest MIC values for various species of microorganisms, including Staphylococcus
aureus, Bacillus cereus, Listeria monocytogenes and clinical methicillin-resistant strains of
Staphylococcus aureus (MRSA). The stems and fruits extracts (2.5mg/mL) completely
eradicated Staphylococcus aureus ATCC 25923, SA 01/10 and MRSA 12/08 biofilms. Regarding
the toxicity of these extracts, for the leaves, no hemolysis was observed and in the case of
stems and fruits, hemolysis was observed only at very high concentrations, suggesting the low
toxicity of these extracts. The fruits extract did not show any toxic effect for NHDF cells
(Normal Human Dermal Fibroblasts), however, for concentrations of 0.017 and 0.008mg/mL,
it reduced the viability of cancer cell line MCF-7 (human breast adenocarcinoma cells) by

60%, as the results of the MTT assay confirmed.

Having noted that the crude methanolic extract of Hakea sericea fruits showed significant
biological activity, we proceeded to its bioassay-guided fractionation, which led to the
isolation and identification of a new alkenylresorcinol, the 9-(3,5-dihydroxy-4-
methylphenyl)nona-3(Z)-enoic acid, compound described here for the first time. The
structure of this novel compound was confirmed by nuclear magnetic resonance spectroscopy
(NMR), infrared spectroscopy (FTIR) and high resolution mass spectroscopy (HRMS). The
antibacterial properties of the new alkenylresorcinol were studied, determining their MIC
values against various Gram-positive and Gram-negative bacteria, using the method of
resazurin. This alkenylresorcinol inhibited the growth of bacteria, namely, Enterococcus
faecalis, Listeria monocytogenes and Bacillus cereus, with MIC values of 0.31, 0.02 and

0.16mg/mL, respectively. Low MIC values were also obtained against strains of
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Staphylococcus aureus (0.005-0.16mg/mL) including clinical isolates (SA 01/10 and SA 02/10)
and MRSA strains.

Since several phenolic compounds, including gallic, caffeic and chlorogenic acids have been
identified in the plant extracts studied in this work, and as this group of compounds have
diverse biological activities, their potential antimicrobial and anti-biofilm properties against
Staphylococcus aureus strains, as well as, their mechanism of action were analyzed. It was
concluded that these phenolic acids have antistaphylococcal properties, for instance, gallic
acid influences the adhesion properties of Staphylococcus aureus cells. The a-hemolysin
production by these microorganisms was also inhibited by gallic and caffeic acids. Regarding
its mechanism of action, caffeic acid interferes with membrane stability and metabolic

activity of Staphylococcus aureus cells.

In sum, this work has contributed to a better understanding of the biological properties of
several plant species, giving value to some for which there was no known application in
traditional medicine, including Echinospartum ibericum, Ailanthus altissima and Hakea
sericea. In addition, it made possible to isolate from an invasive species, a new
alkenylresorcinol with antimicrobial properties. Thereby raising interest in further studies of

forest biomass and allowing the discovery of a potentially new antibiotic.

Keywords

Phenolic compounds, antioxidant activity, antimicrobial activity, biofilms, Ailanthus

altissima, Hakea sericea, 9-(3,5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid
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Capitulo 1 - Introduc¢ao Geral

1.1. Introducao

Desde ha mais de 5000 anos que a medicina se apoia na utilizacdo de plantas com fins
terapéuticos, pelas suas numerosas propriedades, designadamente, analgésicas, diuréticas,
antioxidantes e antissépticas [1]. Atualmente, a avaliacdo cientifica e experimental das
propriedades das plantas, que os ancestrais utilizavam na medicina tradicional, conhece um
grande desenvolvimento, nomeadamente na procura de novos compostos com propriedades
antioxidantes e anti-microbianas [1]. Os compostos com propriedades antioxidantes podem
ser utilizados na medicina no tratamento de patologias, relacionadas com o stresse oxidativo,
em alternativa a terapéutica habitual, ou pela industria alimentar, na confecdo de alimentos
funcionais, ou como substitutos dos antioxidantes sintéticos [1]. Os compostos anti-
microbianos podem ser utilizados no tratamento de infecées por microrganismos resistentes

aos antibioticos convencionais e na indistria alimentar na conservacédo dos alimentos [1].

A floresta portuguesa € um ecossistema muito antigo, inicialmente com arvores de folha
caduca no norte do pais e arvores de folha perene a sul [2]. Atualmente, a area florestal
portuguesa ascende aos 3,3 milhdes de hectares, o que representa cerca de 38% do territorio,
sendo uma importante fonte de matéria-prima com potencial atividade bioldgica [2]. De entre
o conjunto de constituintes ativos das plantas, os fendis e os flavonoides tém sido estudados
quanto as suas propriedades antioxidantes e de sequestracao de radicais livres, assim como
na inibicdo da peroxidacao lipidica [3]. As propriedades anti-microbianas destes compostos
tém sido referidas, pois estes exercem nas plantas acdo protetora contra microrganismos

patogénicos [4].
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1.2. Compostos bioativos

A historia da utilizacao de plantas pelos Homens é tao antiga quanto o inicio da humanidade
[5]-[7]. Inicialmente, as pessoas usavam as plantas devido aos seus beneficios nutricionais,
mas apds a descoberta de propriedades medicinais, a flora natural tornou-se Gtil para o
tratamento de doencas e para a melhoria da salde das comunidades [5]-[7]. Alguns registos
em papiros egipcios descrevem que os oleos de ricino e de coentros eram utilizados em
diversas aplicacées medicinais, cosméticas e também como conservantes. Durante o periodo
grego e romano, foram descritas varias utilizacdoes terapéuticas de plantas e ervas, por
Hipdcrates, Teofrasto, Celso, Dioscorides, entre outros [5]-[7]. Experiéncias in vitro e in vivo
tém demonstrado os efeitos benéficos para a salde humana, de alguns compostos com origem

nas plantas, normalmente designados por compostos bioativos [8].

1.2.1. Definicao de compostos bioativos

Todos os organismos vivos, desde as bactérias até aos milhares de células constituintes das
plantas, biossintetizam diversos compostos quimicos necessarios para o seu desenvolvimento
e sobrevivéncia. Estes compostos sao divididos em duas categorias: os metabolitos primarios,
que sao as substancias quimicas destinadas ao crescimento e desenvolvimento, tais como os
hidratos de carbono, os aminoacidos, as proteinas e os lipidos, e que provém do metabolismo
primario; e os metabolitos secundarios, que sdo o grupo de compostos que aumentam a
capacidade global de sobrevivéncia, levando, no caso das plantas, a interacdo das mesmas
com a vizinhanga [9]. Portanto, os metabolitos secundarios das plantas sdo muitas vezes
produzidos numa fase subsequente ao crescimento, ndao desempenhando por isso funcées no
crescimento (embora possam ajudar na sobrevivéncia), e tém por isso, estruturas quimicas
invulgares e por vezes sao formados como misturas ou como derivados de uma determinada
familia de compostos [9], [10]. A producdo destes metabolitos é regulada pelas necessidades
especificas de cada espécie, por exemplo, a producdo de compostos volateis pelas flores,
para atracao de insetos polinizadores, e a sintese de compostos toxicos no sentido de afastar
patogéneos e herbivoros, e para suprimir o crescimento de plantas vizinhas [9], [10]. Alguns
metabolitos secundarios tém efeito sobre os sistemas bioldgicos e por isso sdo considerados
bioativos. Assim, uma definicdo simples para compostos bioativos, provenientes de plantas, é:
metabolitos secundarios que exercem efeitos farmacolégicos e/ou toxicolégicos em humanos

e/ou animais [5]-[7].

1.2.2. Funcdes dos compostos bioativos nas plantas

Os mecanismos de defesa das plantas no combate a herbivoros e patogéneos envolvem
diferentes estratégias que vao desde as barreiras fisicas, tais como, camadas de cera,

espinhos, producdo de resina, até a resisténcia quimica que é atribuida aos metabolitos

4
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secundarios [8], [11]-[13]. Estes compostos das plantas exercem protecdo contra macro- e
microrganismos, e incluem os alcaloides, terpenos, esteroides e compostos fendlicos [8], [11]-
[13]. Esta descrito que, fenois simples, como o acido clorogénico ou o acido cafeico, ou fenois
mais complexos, como os taninos, podem ser diretamente toxicos para muitos
microrganismos. Além de forneceram protecao contra estes stresses bioticos, os compostos
fenolicos também protegem as células e tecidos das plantas contra os danos oxidativos
induzidos por stresses abioticos, atuando como antioxidantes [8], [11]-[13]. Como os
compostos fenolicos possuem todas estas propriedades nas plantas, podem também ser
utilizados, devido a esta bioatividade, em humanos, quer na prevencao e controlo de algumas

doencas cronicas, quer na conservacao de alimentos [8], [11]-[13].

1.2.3. Classificacao e biossintese de compostos bioativos

A classificacdo dos compostos bioativos em diferentes categorias nao é consensual e depende
dos autores. Por exemplo, as classificacdes biossintéticas baseiam-se na origem natural dos
compostos e sdao independentes das suas acdes farmacologicas [5]-[7]. Neste sentido, os
compostos bioativos podem ser divididos em trés categorias principais: terpenos e
terpenoides, alcaloides e compostos fenolicos [9], [10]. As estruturas quimicas gerais das
diferentes categorias de compostos bioativos encontram-se representadas na Figura 1. A
maioria dos compostos bioativos pertence a uma destas familias, cada uma com as suas
caracteristicas estruturais particulares, decorrentes da forma como sdo sintetizados
naturalmente (biossintese) [5]-[7], [9], [10]. Existem quatro vias principais de sintese dos
metabolitos secundarios ou compostos bioativos: a via do acido chiquimico, a via do acido

maldnico, a via do acido mevalonico e a via ndo-mevalonato [5]-[7].

Os alcaloides sao produzidos a partir de aminoacidos aromaticos (via do acido chiquimico) e
de aminoacidos alifaticos (provenientes do ciclo do acido tricarboxilico) [5]-[7]. Os compostos
fendlicos sao sintetizados através da via do acido chiquimico e da via do acido maldnico [5]-
[7]. Os terpenos provém da via do acido mevalonico e da via ndo-mevalonato [5]-[7].
Encontra-se na Figura 2 uma representacdo simplificada das varias vias de sintese dos trés

grupos principais de compostos bioativos das plantas.
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Figura 1: Estruturas quimicas gerais das diferentes categorias de compostos bioativos das plantas:

alcaloides (a1 e a2); monoterpenos (b); sesquiterpenos (c); triterpenos, saponinas e esteroides (d);

flavonoides (e); antraquindnicos (f) (adaptada de [5]).
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Figura 2: Esquema simplificado das varias vias de sintese dos trés principais grupos de compostos

bioativos das plantas (adaptado de [5], [14]).
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1.2.4. Extracao de compostos bioativos

Considerando-se a grande variedade de compostos bioativos e o grande nimero de espécies
de plantas, é necessario implementar uma abordagem padronizada e integrada de modo a
analisar estes compostos. Encontram-se descritas diversas metodologias e ‘marchas de
analise’ que se baseiam numa abordagem sequencial integrada do estudo de plantas
medicinais, comecando no nome da planta até a industrializacdo de todo o processo [5]-[7].
Esta exemplificado na Figura 3 um fluxograma para o estudo de plantas medicinais. Este
estudo deve comecar por uma revisao da literatura sobre as plantas que se pretendem
estudar, tendo em conta as suas utilizacbes na medicina tradicional. Depois devem
considerar-se as propriedades toxicas das plantas em estudo, e escolher um método de
extracao adequado. De seguida, analisa-se o perfil fitoquimico dos extratos, no que respeita
aos compostos bioativos, e avaliam-se as propriedades bioldgicas dos mesmos. A fase seguinte
consiste em demonstrar a acao dos extratos in vivo, para que no final todo o processo possa

ser industrializado [5].

0 estudo e posterior caracterizacdo, separacao e identificacdo dos compostos bioativos, so é
possivel empregando um método de extracdo adequado [5]-[7]. Sao conhecidas varias
técnicas de extracdo dos compostos bioativos, algumas das quais permaneceram inalteradas
ao longo dos séculos, nomeadamente a decoccdo [5]-[7]. No entanto todas elas tém como
objetivos a extracao dos compostos bioativos da amostra de planta, aumentar a seletividade
dos métodos analiticos subsequentes, aumentar a sensibilidade dos bioensaios (aumentando a
concentracdo de compostos especificos), tornar os compostos bioativos detetaveis e

constituirem métodos reprodutiveis, independentes das variacdes da amostra [5]-[7].

Os compostos bioativos podem ser extraidos de plantas por técnicas de extracao
convencional, as quais se baseiam na capacidade de extracdo dos diferentes solventes
utilizados e na aplicacao de calor e/ou agitacdo. As técnicas de extracdo convencional mais
utilizadas sdo: extracao com extrator de Soxhlet, maceracao, decoccao e hidrodestilacao [5].
Apesar destas técnicas continuarem a ser as mais empregues na extracdo de compostos
bioativos, apresentam algumas desvantagens, nomeadamente, longos tempos de extracao,
necessidade de evaporacao de grandes quantidades de solventes, baixa seletividade de
extracao e, em alguns casos, a decomposicao térmica de compostos termolabeis [5]. Para
superar estas dificuldades, tém sido introduzidas novas técnicas de extracdo, referidas como
nao-convencionais, por exemplo: extracao assistida por ultrassons, enzimas, micro-ondas e

campos elétricos, extracao por fluidos supercriticos e extracao por liquidos pressurizados [5].
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Selecao das espécies de plantas

1) Estudospreliminares sobre as plantasusadas tradicionalmente; 2) Revisao da literaturae de resultados

cientificos; 3) Decisao acerca dos testes a efetuar.

N\

Avaliacao da toxicidade

1) Recolher dados acerca da toxicidade e se nao houver toxicidade demonstrada, prosseguirparaoproxime

passo; 2) Se n3o existirem resultados sobre a toxicidade, escolher um método adequado paraa sua avaliacao;

3) Desenvolver e aplicar o bioensaio apropriado para aferir a toxicidade e seguranca.

NS

Preparacao das amostras de plantas e analise dos metabolitos

1) Recolher as amostrasdasplantas selecionadas; 2) Extracao: utilizar diferentes técnicas extrativase

comparar as suas seletividadese rendimentos; 3) Analise do perfil fitoquimico.

NS

Testesbiologicos

1) Selecao de testesbioldgicosapropriados; 2) Desenvolver protocolosparaos bioensaios; 3) Analisar a

bioatividade in vitro; 4) Determinar o tipo e o nivel de atividade biologica.

NS

Isolamento de compostos ativos

1)1solare caracterizar os compostosresponsaveispelas atividadesbiologicasobservadas; 2) Avaliar a

bioatividade doscompostos, isoladosou em combinacdes entre eles ou com outros, de modo a explorar a

existénciade sinergismos.

Analise in vivo

1) Utilizar modelos animaispara a analise dabioatividade doscompostos ativos; 2) Analisar novamente a

toxicidade e seguranca (in vive); 3) Proceder a ensaios em humanos.

NS

INDUSTRIALIZAGAO

(Desenvolver sistemas adequadosde entrega da dose ativa; Analise de custo-beneficio; Producao industrial

sustentavel)

Figura 3: Fluxograma para o estudo integrado de plantas medicinais (adaptado de [5]).
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1.2.5. Métodos de determinacdo de compostos bioativos

Apds a obtencdo dos extratos de plantas, € necessario analisar o seu perfil fitoquimico,
avaliando, deste modo, a sua composicao em compostos quimicos, eventualmente bioativos.
Para isso determinam-se as concentracdes das diferentes classes de compostos do

metabolismo secundario das plantas.

Expde-se de seguida, os métodos para a determinacdo das classes de compostos estudadas

neste trabalho.

1.2.5.1. Determinacdo de fenoéis, polifendis e taninos

A quantificacdo espetrofotométrica de compostos fendlicos é realizada através de diversas
técnicas, todavia, a que utiliza o reagente de Folin-Ciocalteu figura entre as mais
extensivamente utilizadas [15]. Este reagente consiste numa mistura dos acidos
fosfomolibdico e fosfotingstico (designados em conjunto por acido fosfomolibdico-tungstico)
[16], no qual o molibdénio e o tungsténio se encontram no estado de oxidacdo +6 (com a cor
amarela), porém, na presenca de certos agentes redutores, como os compostos fendlicos, e
em meio alcalino, formam-se os chamados molibdénio azul e tungsténio azul, nos quais a
média do estado de oxidacao dos metais esta entre 5 e 6, e cuja coloracdo permite a medicao
colorimétrica e a determinacdo da concentracédo das substancias redutoras, que ndo precisam
necessariamente de possuir natureza fendlica [16], [17]. Estes pigmentos azuis tém uma
absorcao maxima que depende da qualidade e/ou composicao quantitativa das misturas de

fendis e do pH das solucdes, usualmente obtido adicionando carbonato de sédio [17].

Apesar do método do reagente de Folin-Ciocalteu ser amplamente utilizado na determinacao
dos fenois totais em diferentes tipos de amostras, apresenta algumas limitacdes, visto que
mede a capacidade redutora total de uma amostra. Esta determinagao correlaciona-se com a
capacidade redutora e antioxidante dos compostos fendlicos. A dissociacdo do protdo dos
fendis leva a formacdo do anido fenolato, que é capaz de reduzir o reagente de Folin-
Ciocalteu. Muitos compostos nao-fenolicos, presentes em frutas e plantas, principalmente o
acido ascorbico e os aclcares redutores, também podem reduzir o reagente de Folin-
Ciocalteu [16], [17].

A quantificacao dos taninos baseia-se na sua precipitacao, na presenca de um agente de
precipitacdao (como o p6-de-pele, a caseina ou albumina e a polivinilpolipirrolidona (PVPP)), e
nas propriedades redutoras destes compostos, uma vez que sdao determinados através do
reagente de Folin-Ciocalteu, pela diferenca entre os fenois totais e os fenois livres, apos

precipitacao [18]-[20].




Capitulo 1 - Introducéao Geral

1.2.5.2. Determinacdo de flavonoides

A dosagem dos flavonoides é dificil de efetuar devido ao diferente comportamento dos
heterdsidos e dos constituintes agliconicos; além disso, ndao existe um método eficaz na
eliminacdo de outras substancias de natureza quimica diferente, que em geral acompanham
os flavonoides, e que podem interferir nos métodos de dosagem [21]. Nao se conhecem
técnicas capazes de dosear em conjunto os diversos flavonoides contidos na mesma planta;
muitas vezes, adaptam-se a grupos mais ou menos amplos de constituintes que revelam igual
comportamento. Os métodos fisico-quimicos utilizados sao colorimétricos, fluorimétricos,
espetrofotométricos, cromatograficos e polarograficos. O problema inicial provém da
dificuldade de isolar os derivados flavonicos das matérias-primas vegetais na sua totalidade e

num estado de pureza conveniente para tal efeito [21].

Um dos processos mais usado nos métodos quantitativos consiste em precipitar os flavonoides
com cloreto de aluminio (AlCl;) em meio alcalino. Este precipitado, adquire cor, sendo assim
possivel, a sua dosagem colorimétrica. Os flavonoides na presenca do cloreto de aluminio
possuem uma fluorescéncia amarela intensa, quando observados no ultravioleta [21]. A
utilizacdo de cloreto de aluminio na analise da presenca de alguns compostos quimicos foi
pela primeira vez empregue para as antocianinas. Atualmente é um método amplamente
aceite e utilizado para a determinacao de flavonoides [22]-[25]. Neste método, o catido
aluminio forma complexos estaveis com os flavonoides (em solucdo metanolica) (Figura 4),
ocorrendo na analise espetrofotométrica um desvio para maiores comprimentos de onda e
uma intensificacdo da absorcao. Assim, é possivel determinar a quantidade de flavonoides,
evitando-se as interferéncias de outras substancias fenolicas, principalmente os acidos
fendlicos, que invariavelmente acompanham os flavonoides nos tecidos vegetais [21]. O
complexo flavonoide-aluminio formado absorve num comprimento de onda superior ao do
flavonoide sem a presenca do agente complexante (AlCls). Os acidos fenolicos, mesmo os que
formam complexos com o cloreto de aluminio, absorvem em comprimentos de onda muito

inferiores, evitando-se deste modo, interferéncias nas leituras das absorvéncias [21].

Figura 4: Formacao do complexo flavonoide-aluminio, em solucdo metanoélica, com cloreto de aluminio
(retirada de [21]).
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A utilizacao do cloreto de aluminio na determinacao da quantidade de flavonoides totais nao
€, no entanto, um procedimento isento de limitacbes. O método é preciso, isto &, € um
método reprodutivel, fornecendo desvios muito pequenos, ou quase nulos, entre um ensaio e
outro com a mesma amostra. No entanto, pode ser pouco exato, ou seja, o valor que fornece
pode ser diferente (geralmente inferior) em relacdo a quantidade de flavonoides totais
realmente presentes na amostra analisada. O valor medido e o valor real sao tanto mais
proximos entre si quanto maior a proporcao de flavondis na amostra, e tanto mais distantes
quanto maior a proporcao de flavonas. Isto porque, o comprimento de onda selecionado (415-
425nm) corresponde a banda de absorcao do complexo quercetina-aluminio. Os complexos de
outros flavonois com aluminio absorvem bem préximo da banda 415-425nm, mas os complexos
derivados de flavonas absorvem em comprimentos de onda inferiores, o que causa uma

subestimativa nas determinacdes de misturas muito ricas em flavonas [21].

1.2.5.3. Determinacdo de alcaloides

Para a quantificacao dos alcaloides presentes em extratos vegetais, tem-se recorrido ao
reagente de Dragendorff, que consiste numa mistura de nitrato de bismuto, acido acético e
iodeto de potassio [26]. Segundo este método, os alcaloides sdo precipitados na forma do
complexo (Bil;)(Alcaloidee«HI), pelo reagente de Dragendorff (KBil;). O bismuto forma um
complexo amarelo ({Bi[CS(NH,)3]}(NOs);), em meio acidificado pelo acido nitrico e na
presenca de tiureia [26]. A manutencdao do pH é muito importante na precipitacao dos
alcaloides pelo reagente de Dragendorff; se o meio estiver muito acido, o precipitado é
dissolvido. Apds formacdo do complexo alcaloidico, o bismuto formado é libertado pelo
sulfureto de sodio [26]. Se a concentracdo de bismuto for muito elevada, a precipitacao
ocorre apos adicao da solucdo de tiureia, por outro lado, se a concentracao de tiureia for

elevada, a precipitacdo dos alcaloides também ocorre [26].

11
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1.3. Atividade antioxidante

Os radicais livres estdo na origem de diversas doencas, uma vez que modificam varias
moléculas bioldgicas cruciais, levando a alteragdes funcionais ou a perda da sua funcao [27].
Os antioxidantes podem proteger contra os danos induzidos pelos radicais livres. Estudos
recentes tém mostrado varias estratégias para proteger os tecidos e 6rgaos contra os danos
oxidativos induzidos pelos radicais livres, uma das quais inclui a utilizacao de antioxidantes
[27]-[30]. As plantas constituem a maior fonte de antioxidantes naturais e uma maior ingestao
de alimentos funcionais, que incluam substancias antioxidantes, é outra estratégia que tem

ganho importancia nos paises desenvolvidos [27].

1.3.1. Radicais livres no corpo humano

Os radicais livres, e as Espécies Reativas de Oxigénio e de Azoto (ROS e RNS), tém ganho
grande relevancia devido aos seus efeitos adversos no organismo humano [31]. O termo
‘radical livre’ é por vezes utilizado com um amplo sentido, incluindo também as espécies
reativas relacionadas com os radicais livres, tais como os estados excitados que levam a
formacao de radicais livres, e as substancias que resultam de reacdes com radicais livres [31].
Na Tabela 1 encontram-se sumariadas algumas caracteristicas de radicais livres
biologicamente importantes. Tem-se considerado que os radicais livres estao na etiologia de
varias doencas e também no processo natural de envelhecimento. No entanto, também se
tem destacado que as ROS e RNS sao produzidas de forma regulada, mantendo a homeostase
celular nos tecidos saudaveis e exercendo um papel importante, atuando como moléculas
sinalizadoras [31]. Como consequéncia dos processos bioldgicos da célula ha a producdo de
anido superoxido (0;"), peroxido de hidrogénio (H,0,) e oxido nitrico (NO), nomeadamente,
durante a producdo de ATP, a partir de ADP, nas mitocOndrias (fosforilacdo oxidativa); na
destoxificacdo de xenobidticos pelo citocromo P450 (enzimas oxidantes); durante a apoptose
de células defeituosas; na eliminacdo de microrganismos e células cancerigenas por
macréfagos e linfocitos citotoxicos [27]. Os radicais livres também sdao formados apos
exposicao a agentes fisico-quimicos como as radiacdes ionizantes (raios-X e raios-y, além da
luz visivel ou UV, que interagem com compostos enddgenos ou farmacos, na presenca de

oxigénio), poluentes atmosféricos, fumo do cigarro e quimicos toxicos [27], [31]-[33].

A relacao entre radicais livres e o estado de doenca pode ser explicada pelo conceito de
stresse oxidativo. O stresse oxidativo resulta do desequilibrio entre os sistemas de defesa
antioxidante e a formacdo de moléculas pro-oxidantes, o que pode levar a danos em
biomoléculas, como DNA, RNA, proteinas, enzimas, hidratos de carbono e lipidos, através da
modificacao oxidativa, contribuindo, deste modo, para o surgimento de algumas patologias
como a diabetes, cancro, doencas cardiovasculares e neurodegenerativas e estar relacionado

com os problemas associados ao envelhecimento [27], [34]-[38].

12
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Tabela 1: ROS e RNS de interesse biologico (adaptada de [27]).

Espécies Reativas

Simbolo

Meia-vida (s)

Reatividade/Observacées

Aniao Superoxido

Radical Hidroxilo

Peroxido de Hidrogénio

Radical Peroxilo

Hidroperoxido Organico

Oxigénio Singleto

Ozono

Oxido Nitrico

Peroxinitrito

Acido Peroxinitroso

Dioxido de Azoto

0"

‘OH

HzOz

ROO*

ROOH

0s

NO*

ONOO

ONOOH

NO,

ROS

RNS

10

107

Estavel

Estavel

10

Bastante estavel

Gerado nas mitocondrias e
no sistema cardiovascular,

entre outros.

Altamente reativo,
produzido durante uma
sobrecarga de ferro no

organismo humano.

Formado no organismo por
um grande nimero de

reacoes e origina "OH.

Reativo e formado a partir
de lipidos, proteinas, DNA e

aclcares.

Reage com metais de
transicao, formando outras

espécies reativas.

Muito reativo, formado
durante a fotossensibilizacao

e em reacodes quimicas.

Poluente presente na
atmosfera, pode reagir com
varias moléculas, produzindo
'0,.

Neurotransmissor e regulador
da pressao arterial, pode
gerar oxidantes potentes em

estados patoldgicos.

Formado a partir do NO" e do
aniao superoéxido, muito

reativo.

Obtido a partir da
protonacao do ONOO'.

Formado na poluicao

atmosférica.
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1.3.1.1. Peroxidacao lipidica

Os lipidos de membrana presentes nos organelos sub-celulares sdo altamente suscetiveis a
danos provocados por radicais livres. Quando os radicais livres reagem com os lipidos, estes
sofrem as reacdoes em cadeia, designadas por peroxidacao lipidica, com consequéncias,
diretas e indiretas, prejudiciais para o funcionamento das células [27], [39]. Este processo é
mediado por radicais livres e inicia-se devido ao ataque, por qualquer espécie, que pode
abstrair um atomo de hidrogénio de um grupo metileno (CH,), deixando um eletrao
desemparelhado no atomo de carbono (*CH) [27], [39]. O radical de carbono resultante é
estabilizado por um rearranjo molecular, produzindo um dieno conjugado, o qual pode reagir
com uma molécula de oxigénio para formar um radical peroxil lipidico (LOO"). Estes radicais
podem promover a subtracdo de atomos de hidrogénio de outras moléculas lipidicas,
formando hidroperoxidos lipidicos (LOOH) e simultaneamente propagar a peroxidacéo lipidica
[27], [39]. Esta pode ser terminada pela reacao entre o radical LOO® ou o radical lipidico (L")
com uma molécula antioxidante, como a vitamina E (a-tocoferol), formando o radical fenoxil
tocoferol, mais estavel, e que nao esta envolvido nas reacdes em cadeia da peroxidacdo
lipidica. Este radical pode ser convertido por outros antioxidantes celulares como a vitamina
C (acido ascorbico) ou a glutationa [27], [38], [39]. Durante as reacdes da peroxidacao
lipidica, além dos radicais lipidicos, formam-se ainda um grande nimero de subprodutos
toxicos muito reativos, nomeadamente o dialdeido maldnico, 4-hidroxinonenal e varios 2-
alquenais, que podem exercer os seus efeitos noutros locais, afastados da area onde foram
produzidos [27], [38], [39].

1.3.1.2. Oxidacao de hidratos de carbono

Os radicais livres como o "OH reagem com as moléculas de hidratos de carbono, abstraindo
aleatoriamente um atomo de hidrogénio a um dos atomos de carbono, produzindo um radical
de carbono [27], [40]. Isto leva a quebra da cadeia de moléculas importantes como o acido
hialurénico, o que, no liquido sinovial, em conjunto com a acumulacdo e ativacao de
neutroéfilos durante a inflamacgao, produz quantidades significativas de radicais de oxigénio, o

que esta implicado na artrite reumatoide [27], [40].

1.3.1.3. Oxidagdo de DNA

Os danos oxidativos nas moléculas de DNA sdo o resultado da interacao entre as ROS e RNS e
as proprias moléculas de DNA. Os radicais livres como "OH, reagem com o DNA pela adicao as
bases ou abstraindo atomos de hidrogénio a pentose [27], [41]. A ligacao dupla C4-C5 da
pirimidina é particularmente sensivel ao ataque de radicais livres como o ‘OH, gerando varios
produtos oxidados. Do mesmo modo, a interacao do radical ‘OH com purinas gera produtos de
degradacao oxidativa [27], [41]. Conhecem-se varias vias de reparacdao do DNA, no entanto os

produtos que resultam da oxidacdo de moléculas de DNA estdo envolvidos na carcinogénese,
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por causarem mutacdes nos proto-oncogenes, ativando-os, e nos genes supressores de
tumores, levando a sua inativacdo [27], [41]. A inibicdo da apoptose, podera também estar
associada com a oncogénese e com alteracdes ao nivel do DNA e podera surgir em
consequéncia do aumento da concentracdo do calcio citoplasmatico apds a acdo de radicais
livres como as ROS e RNS [42].

1.3.1.4. Oxidacao de proteinas

A alteracao das propriedades das proteinas, e a formacao de perdxidos de aminoacidos podem
levar a degradacao das proteinas, por fragmentacdo e formacao de ligacGes cruzadas (cross-
linking), o que pode resultar na sua polimerizacao e inativacao, especificamente em
proteinas que contém grupos sulfidricos (-SH) e grupos aromaticos [42]. A oxidacdo de
proteinas provoca ainda alteracdo da sua estrutura terciaria que leva a agregacao proteica e
formacao de amiloide. A oxidacdo de aminoacidos por radicais livres induz alteracdo na
atividade enzimatica, havendo também um comprometimento do potencial antioxidante de
células e tecidos [42]. Apesar de serem removidas rapidamente, a maioria das proteinas
oxidadas, que funcionalmente fiquem inativas, podem acumular-se gradualmente com o
tempo e, assim, contribuir para os danos associados ao envelhecimento, assim como com

varias doencas neurodegenerativas [27], [30].

1.3.2. Oxidacao em produtos alimentares

A oxidacdo também afeta os produtos alimentares, sendo uma das principais causas de
deterioracao, devido a rancificacdo, o que leva a alteragdes nutricionais, de qualidade, cor,
sabor, odor e textura. Os mecanismos de defesa contra os efeitos da oxidacao excessiva sao
fornecidos pela adicdo de compostos antioxidantes sintéticos como o hidroxi-anisol butilado
(BHA, E-320), hidroxi-tolueno butilado (BHT, E-321), tert-butil-hidroquinona (TBHQ, E319) e o
galato de propilo (PG, E-310) [38], [43]. Estes antioxidantes sdo utilizados a nivel industrial,
mas conhecem-se os seus efeitos colaterais graves como, danos hepaticos e carcinogénese
[38], [43]-[45]. Por isso tém sido aplicadas restricoes cada vez mais severas sobre o seu uso,

levando a substitui-los por antioxidantes naturais [46].

1.3.3. Compostos naturais como antioxidantes

As substancias antioxidantes definem-se como, qualquer composto, que mesmo presente em
menores concentracdes que o substrato oxidavel, atrase ou previne a sua oxidacao [33]. As
células possuem mecanismos de protecao especificos contra quaisquer danos provocados
pelos radicais livres, nomeadamente, algumas enzimas, como, superoxido dismutase (SOD),

glutationa peroxidase, glutationa redutase, tioredoxina, entre outras [34]. A vitamina E é um
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nutriente essencial com atividade antioxidante e que funciona como quebra de cadeia,
prevenindo a propagacdo de reacdes sucessivas com radicais livres em todas as células do
corpo humano. A vitamina C também faz parte do mecanismo normal de protecao
antioxidante. Outras substancias antioxidantes ndo-enzimaticas incluem os carotenoides,
flavonoides e polifendis, acido a-lipoico, glutationa, etc [27], [34] que também desempenham

um papel fulcral na prevencao e eliminacao de radicais livres [47].

Os compostos antioxidantes também podem ser divididos em duas classes, antioxidantes
primarios ou de quebra de cadeia e antioxidantes secundarios ou preventivos [38]. Os
antioxidantes primarios, quando presentes em quantidades vestigiais, podem atrasar ou inibir
o passo de Iniciacdo da peroxidacao lipidica, através da reacao com radicais lipidicos ou da
inibicdo do passo de Propagacao, pela reacao com radicais peroxil ou alcoxil [38]. Os
antioxidantes secundarios ou preventivos sao compostos que retardam a taxa de oxidacao, o
que pode ser conseguido de varias formas, incluindo a remocao do substrato ou a eliminacao

de oxigénio singleto [38].

Os compostos naturais, especialmente derivados de alimentos, possuem um grande nimero de
antioxidantes (Tabela 2). Algumas bebidas, como o cha ou café, também sdo fontes de
compostos com atividade antioxidante [27], [47], [48]. As especiarias e as plantas medicinais,
com elevados niveis de vitaminas essenciais e nutrientes, por exemplo, vitamina E, licopeno,
vitamina C, selénio, bioflavonoides e tioredoxina, constituem uma base de compostos
antioxidantes [27], [47], [48]. Além dos alimentos, geralmente todas as plantas possuem
compostos com atividade antioxidante. Estima-se que cerca de 80% da populacao dos paises
desenvolvidos ainda dependem, em grande parte, da medicina tradicional baseada nas
plantas, para os seus cuidados primarios de saude [27], [47], [48]. A ideia de cultivar plantas
para beneficiar a salde ao invés de as cultivar com o objetivo de obter alimentos ou fibras
esta a mudar areas como a biotecnologia vegetal e a medicina [27], [47], [48]. A redescoberta
da importancia das plantas na salde humana é responsavel pelo aparecimento de uma nova
geracao de terapias botanicas, que incluem produtos farmacéuticos derivados de plantas,
medicamentos botanicos, suplementos alimentares, alimentos funcionais e proteinas

recombinantes produzidas em plantas [27], [47], [48].

Nos ultimos anos tem-se verificado um interesse aumentado nos alimentos funcionais, isto &,
alimentos que satisfazem nao s6 as necessidades nutricionais e energéticas basicas, mas
também fornecem beneficios fisioldgicos adicionais [38], [43]. Normalmente a funcionalidade
de um alimento esta relacionada com alguns dos seus ingredientes e os consumidores
preferem, cada vez mais, componentes de origem natural (isto &, nao-sintéticos), que podem
ser extraidos de plantas, subprodutos alimentares ou outras fontes naturais [38], [43]. A
incorporacao de antioxidantes naturais nos alimentos tem sido uma estratégia utilizada por
forma a proteger os alimentos da oxidacao e que também os pode converter em alimentos
funcionais [38], [43].
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Tabela 2: Principais grupos de compostos antioxidantes presentes nos alimentos (adaptada de [27]).

Compostos Polifenélicos

Fontes Alimentares

Flavonoides com atividade antioxidante:

antocianidinas, auronas, chalconas, flavanonas
(naringenina), flavanois (procianidina), flavan-3-ol
(epicatequina e catequina), flavonas (apigenina,
luteolina), flavondis (isoramnetina, caempferol,
miricetina, quercetina, glicésidos de quercetina,
rutina), isoflavonoides (anisol, cumestrol,

daidzeina, genisteina).

Frutas: macas, amoras, mirtilos, citrinos, uvas,

peras, roma, framboesas, morangos.

Vegetais: beterraba, beringela, brocolos, aipo,
endivias, alho-francés, alface, cebola, pimento,
espinafre, tomate.

Legumes: ervilhas, soja, feijao, grao.

Especiarias: cardamomo, canela, cravinho,

coentros, cominhos.

Outros polifenois: acido cinamico, cumarina,
taninos condensados, acidos hidroxibenzoicos
(acido galico, acido protocatecuico, acido
vanilico), acidos hidroxicinamicos (acido cafeico,
acido caftarico, acido clorogénico, acido
cumarico, acido ferdlico, acido sinaptico),

proantocianidinas.

Bebidas: cacau, cha, vinho.
Azeite.

Chocolates.

Carotenoides com atividade antioxidante:
astaxantina, bixina, cantaxantina, capsorubina, a-
caroteno, B-caroteno, y-caroteno, crocina, B-

criptoxantina, luteina, licopeno, zeaxantina.

Frutas: macas, alperce, banana, amoras, mirtilos,
cerejas, toranja, uvas, kiwi, limao, manga,
melao, laranja, papaia, péssego, peras, ananas,

ameixa, morangos, melancia.

Vegetais: espargos, beterraba, beringela,
brocolos, couve-de-bruxelas, couve, couve-flor,
pepino, cenouras, aipo, alface, cogumelos,

cebola, tomates, batatas, abdbora, espinafre.
Cereais: milho.
Legumes: feijao, ervilhas.
Especiarias: pimenta, acafrao.
Oleo de palma.
Laticinios.

Ovos e maionese.

Vitaminas: vitamina C, vitamina E (a-tocoferdis e

tocotriendis), nicotinamida.

Outros compostos: curcumina, cafeina,

clorofilina, sesamisol, zingerona.

Groselhas, limao, laranja.

Oleo de amendoim, azeite, leo de palma, caju,

leguminosas germinadas.

Café, cacau, legumes verdes, cha, acafrao.
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Muitos compostos isolados a partir de plantas, tém sido estudados relativamente as suas
propriedades antioxidantes, atuando na prevencao de varios tipos de cancro [27], [47], [48].
Entre estes compostos, os polifendis e os flavonoides constituem os grupos mais importantes,
tendo sido ja identificados mais de 5000 compostos [27], [47], [48]. Calcula-se que as plantas
possuam entre 100 000 a 200 000 metabolitos secundarios, e que cerca de 20% do carbono
fixado pela fotossintese é canalizado para a via fenilpropanoide, produzindo assim a maior

parte dos compostos fenolicos naturais, tais como os flavonoides e os estilbenos [49], [50].

Os fendis vegetais tém a sua origem nos aminoacidos fenilalanina ou tirosina que sao
desaminados, originando os acidos cinamicos que entram na via fenilpropanoide [49], [50]. O
passo chave na via biossintética dos compostos fenélicos € a introducdao de um ou mais grupos
hidroxilo no anel aromatico. Como resultado, estes compostos sdo derivados de um esqueleto
de carbono comum: a unidade fenilpropanoide C¢-C;. A biossintese produz uma grande
variedade de fenois vegetais: os acidos cinamicos (C4-C3) os acidos benzoicos (C4-Cq), 0S
flavonoides (C¢-C3-C4), as proantocianidinas [(Cs-C3-Cg)n], as cumarinas (C¢-C3), os estilbenos
(Ce-C2-Cs), as lignanas (Cq-C3-C3-Cq) e ligninas [(Ce-Cs)n] [49], [50]. As estruturas dos principais

compostos fendlicos estao apresentadas na Figura 5.

Os compostos fenolicos sdao capazes de atuar como antioxidantes de varias formas. Por
exemplo, os grupos hidroxilo dos fendis sao bons dadores de atomos de hidrogénio, podendo
reagir com ROS e RNS, nas reacdes de terminacao que quebram o ciclo de producao de novos
radicais. Apos a interacao com as espécies reativas iniciais € produzida uma forma radicalar
do antioxidante, que tem uma estabilidade muito maior do que o radical quimico inicial [49],
[50]. A interacao dos grupos hidroxilo dos compostos fendlicos com os eletroes-m do anel
benzénico confere a estas moléculas algumas propriedades especiais, principalmente a
capacidade de produzir radicais livres em que o radical é estabilizado por deslocalizacao [49],
[50]. A formacdo destes radicais estaveis é capaz de modificar os processos de oxidacao
mediados por radicais. A acdo antioxidante dos compostos fendlicos é também atribuida a sua
capacidade de quelar ides de metais, envolvidos na producao de radicais livres [49], [50]. Os
compostos fendlicos geralmente interagem fortemente com proteinas, devido aos seus anéis
benzénicos hidrofdbicos e ao potencial de formar ligacoes de hidrogénio dos grupos hidroxilo
neles presentes [49], [50]. Isto confere aos fendis propriedades antioxidantes, também em
virtude da sua capacidade para inibir algumas enzimas envolvidas na geracao de radicais, tais
como, diferentes isoformas do citocromo P450, lipoxigenase (LOX), cicloxigenase (COX) e
xantina oxidase [49], [50]. Além disso, também tém sido descritos os efeitos sinérgicos dos
compostos fenolicos com outros antioxidantes, nomeadamente a vitamina C, B-caroteno e

vitamina E, assim como, a regulacao dos niveis de glutationa intracelular [49], [50].
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Figura 5: Principais classes de compostos fendlicos (adaptada de [49], [51]).
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1.3.4. Métodos de determinacéao da atividade antioxidante

Os métodos para avaliar o comportamento antioxidante podem ser agrupados em duas
categorias, que refletem a importancia da atividade antioxidante nos alimentos ou a
bioatividade em humanos. No caso dos sistemas alimentares, a necessidade consiste em
avaliar a eficacia dos antioxidantes em fornecer uma protecdo para os alimentos contra a
deterioracdo oxidativa [38]. Os antioxidantes podem atuar por varios mecanismos, por
exemplo, sequestrando os radicais livres, decompondo os peroxidos e quelando os ides
metalicos. Assim sendo, a atividade antioxidante deve ser medida e avaliada por varios
métodos que contemplem diferentes mecanismos quimicos de atividade antioxidante [52].
Um dos problemas na determinacdo da atividade antioxidante é que esta é variavel em
funcao do método utilizado, uma vez que um mecanismo antioxidante, nas diversas matrizes
bioldgicas, € muito complexo e muitos outros fatores podem intervir nesse mecanismo.
Perante esta complexidade, apenas um método de determinacao da atividade antioxidante
nao é suficiente para se chegar a uma conclusado, logo, sdo aplicados diferentes métodos,

sendo determinadas diferentes propriedades e caracteristicas antioxidantes [52].

De seguida, descrevem-se os dois métodos de avaliacdo da atividade antioxidante utilizados

neste trabalho.

1.3.4.1. Método do DPPH (2,2-difenil-1-picril-hidrazil)

0O método do DPPH baseia-se no estudo da atividade sequestradora do radical livre estavel
DPPH, de coloracao purpura, que absorve a um determinado comprimento de onda (515-
517nm) [53]. Por acao de um antioxidante (RH) ou uma espécie radicalar (R*), o DPPH é
reduzido, formando 2,2-difenil-1-picril-hidrazina (DPPH-H) (Figura 6), de coloracao amarela,
com consequente desaparecimento da absorcao, podendo a mesma ser monitorizada pelo
decréscimo da absorvéncia. A partir dos resultados obtidos determina-se a percentagem de
atividade antioxidante ou sequestradora de radicais livres e/ou a percentagem de DPPH

remanescente no meio reacional [16], [38].

oVl We
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Figura 6: Reacdo entre o DPPH e a substancia antioxidante, dadora de um atomo de hidrogénio (retirada
de [54]).
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A percentagem de atividade antioxidante corresponde a quantidade de DPPH consumido pelo
antioxidante, sendo que a quantidade de antioxidante necessaria para reduzir a concentracao
inicial de DPPH em 50% denomina-se por concentracao inibitoria 50% (ICsp). Quanto maior o
consumo de DPPH por uma amostra, menor sera a sua ICs, e maior a sua atividade
antioxidante [16], [38].

1.3.4.2. Sistema B-caroteno/acido linoleico

0 sistema B-caroteno/acido linoleico, que consiste na descoloracao (oxidacao) do B-caroteno
induzida pelos produtos da degradacao oxidativa do acido linoleico, estima a capacidade
relativa de compostos antioxidantes presentes em extratos de plantas de sequestrar o radical
perdxido do acido linoleico (LOO°), que oxida o B-caroteno presente na emulsdo [55]. Este
método tem sido amplamente utilizado, com diferentes meios de extracao dos antioxidantes,
para avaliar a atividade antioxidante de matrizes alimentares [56]-[59]. Como nao ocorre a
altas temperaturas, permite a determinacao do poder antioxidante de compostos termolabeis
e a avaliacdo qualitativa da eficacia antioxidante de extratos vegetais [55]. O mecanismo do
branqueamento do B-caroteno é um fendmeno mediado por radicais hidroperdxido resultantes
da oxidacao, pelo oxigénio, do acido linoleico. O radical livre do acido linoleico, formado
apos a abstracao de um atomo de hidrogénio de um dos seus grupos metileno-dialilicos, ataca
as moléculas do B-caroteno altamente insaturadas [55]. Assim que as moléculas do B-caroteno
perdem as suas ligacoes duplas pela oxidacao, na auséncia de antioxidantes, o composto
perde o seu cromoforo e a sua cor-de-laranja caracteristica, que pode ser monitorizada

espetrofotometricamente [55].
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1.4. Atividade anti-microbiana

Os microrganismos tém demonstrado uma grande flexibilidade e podem ser encontrados em
todos os ambientes: desde os glaciares até as aguas em ebulicdo, em ambientes com pH
extremo e em locais onde a pressdo € muito elevada. As suas populacées numerosas € a sua
plasticidade gendémica permite-lhes trocar informacdes génicas entre espécies muito
diferentes, conferindo-lhes uma elevada capacidade de adaptacao [60]. Os microrganismos
desenvolveram mecanismos que lhes permitem resistir a qualquer meio que o Homem
desenvolva contra eles. Tornou-se claro, que o abuso e a utilizacao intensiva e prolongada de
antibioticos, pela medicina convencional (humana e veterinaria) e pela agricultura,
provocaram o aparecimento e disseminacao de estirpes de microrganismos patogénicos

altamente resistentes aos farmacos antibioticos [60].

As moléculas de origem natural, predominantemente os metabolitos secundarios das plantas,
estdo na origem da maior parte dos medicamentos em utilizacdo clinica atual. Isto é
especialmente notorio nos agentes anti-infeciosos. Os produtos naturais ou medicamentos a
base de plantas, sao responsaveis por mais de 75% das 97 novas moléculas anti-microbianas

aprovadas e introduzidas no mercado, no periodo de 1981 a 2006 [61].

1.4.1. Resisténcia aos antibioticos

A resisténcia das bactérias aos antibioticos aumenta dia a dia, quer na comunidade, quer em
ambientes hospitalares, crescendo, deste modo, a mortalidade e a morbilidade. Atualmente,
o desenvolvimento continuo de resisténcias bacterianas, e a sua posterior disseminacao, leva
a uma necessidade urgente de desenvolver novos compostos com propriedades anti-
microbianas [62]. A multirresisténcia é definida como a ndo-suscetibilidade a um ou mais
compostos de trés ou mais classes de anti-microbianos, enquanto as estirpes que nao sao
suscetiveis a todos os anti-microbianos, sao classificadas como resistentes extremas [62]. A
resisténcia aos antibioticos é frequentemente considerada como sendo uma caracteristica
adquirida por bactérias que eram anteriormente sensiveis, e que pode ser atribuida a
aquisicao horizontal de novos genes, ou a ocorréncia de mutacbes espontaneas dentro de
genes localizados no cromossoma, e que sdao posteriormente transmitidas verticalmente as
bactérias [63].

0 exemplo convencional da resisténcia intrinseca aos antibioticos é o fenotipo exibido por
bactérias Gram-negativas resistentes a multiplos antibidticos, incluindo a classes de
antibidticos clinicamente eficazes em bactérias Gram-positivas [63]. A base molecular deste
fendbmeno é a presenca da membrana externa nas bactérias Gram-negativas, que é
impermeavel a muitas moléculas, e a expressao de numerosas bombas de efluxo nas estirpes
multirresistentes, que reduzem efetivamente a concentracdo intracelular do farmaco

administrado [63]. Estao identificados pelo menos quatro tipos de mecanismos de resisténcia
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das bactérias aos anti-microbianos: a alteracdo da estrutura do antibiotico, a alteracdo do
alvo do antibidtico, o efluxo dos farmacos anti-microbianos e a reducao da permeabilidade da

parede celular [64].

As bactérias multirresistentes tém um impacto significativo sobre a mortalidade e o tempo de
internamento, e nos respetivos custos associados. Os microrganismos principalmente
associados ao processo de resisténcia sao: Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa e enterobactérias
[62]. O nivel de resisténcia de A. baumannii ao imipenemo aumentou de 23,9% para 34,3%
durante o periodo de 2007 a 2011. A resisténcia de K. pneumoniae, ao mesmo antibiotico,
também cresceu, enquanto a taxa de resisténcia a meticilina de estirpes de S. aureus
diminuiu no periodo de 2007-2011 [64]. A disseminacdo de bactérias resistentes aos
carbapenémicos, por exemplo, membros da familia Enterobacteriaceae, constitui um
problema, devido ao facto dos carbapenémicos serem antibidticos de amplo espetro e que
muitas vezes sao os Unicos eficazes em infecdes de dificil tratamento, e que nao sao trataveis

por outros antibioticos [64].

A falta de compostos antibacterianos novos e eficazes deve-se a varios fatores. Antes de
mais, é dificil encontrar novos compostos antibacterianos com bons perfis farmacologicos e
baixa toxicidade para o hospedeiro [64]. Além disso, do ponto de vista economico, as
empresas farmacéuticas estdao mais interessados no desenvolvimento de medicamentos para
doencas cronicas do que para tratamentos de curto prazo [64]. E ainda, as bactérias tendem a
desenvolver resisténcia aos anti-microbianos, o que restringe a sua utilizacdo, e
consequentemente, provoca um declinio nas vendas desses farmacos [64]. Por fim, as
estruturas quimicas dos antibidticos, especialmente os que sdo derivados naturais, sdo muito
complexas. Portanto, a descoberta, design e desenvolvimento de novos farmacos eficientes é

muito exigente [64].

1.4.2. Biofilmes

A natureza ubiqua de bactérias no ambiente, e o papel que desempenham na doenca
infeciosa tem sido uma das areas mais extensivamente estudadas, o que levou, a enormes
avancos cientificos que visam erradicar uma série de doencas e melhorar a qualidade de vida
[65], [66]. No entanto, o aparecimento de biofilmes bacterianos é um importante fator na
morbilidade e mortalidade da maioria das doencas infeciosas. Isto torna-se ainda mais
significativo porque os biofilmes bacterianos sdo resistentes as abordagens terapéuticas
comuns, que eliminariam as respetivas células planctonicas (células livres e em flutuacao)
[65], [66]. Os biofilmes sao descritos como comunidades de microrganismos, associados a uma
superficie, encapsulados numa matriz extracelular de protecao [65], [66]. Cerca de 80% da

biomassa microbiana encontra-se no estado de biofilme, e estima-se que mais de 75% das
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infecGes microbianas que ocorrem no corpo humano sejam sustentadas pela formacao e

persisténcia de biofilmes [65], [66].

Algumas doencas comuns associadas a formacao de biofilmes incluem infecoes pulmonares em
individuos com fibrose quistica, feridas e queimaduras infetadas, otite média, endocardite

bacteriana e carie dentaria (Tabela 3) [65], [66].

Tabela 3: Doencas associadas a biofilmes (adaptada de [65]).

Microrganismo Doenca
Pseudomonas aeruginosa Infecdes pulmonares (fibrose quistica)
Burkholderia cepacia Infecdes pulmonares (fibrose quistica)
Acinetobacter baumannii Queimaduras e feridas infetadas
Helicobacter pylori Infecdes gastrintestinais
Escherichia coli Infecbes urinarias (cateteres)
Haemophilus influenzae Otite média
Bordetella pertussis Infecoes respiratorias
Legionella pneumophila Doenca do Legionario

Queimaduras e feridas infetadas; Infecoes
Staphylococcus aureus L
urinarias (cateteres)

Staphylococcus epidermidis Sepsis, infecoes associadas a cateteres
Staphylococcus mutans Gengivites e placa dentaria
Enterococcus resistentes a vancomicina Infecoes nosocomiais

Os biofilmes formados em dispositivos médicos também sao uma fonte continua de infecao,
necessitando, muitas vezes, da sua remocao completa do doente [65], [66]. As comunidades
de bactérias organizadas em biofilme diferem das células plancténicas, uma vez que sao
entidades complexas e dinamicas, representando uma tentativa de evolucdo pelas bactérias,
para sobreviver face as pressoes ambientais. Os biofilmes agravam o problema da resisténcia
microbiana, sendo conhecidos por serem insensiveis aos antibioticos e microbicidas, que

eliminariam as bactérias em suspensao [65], [66].

1.4.2.1. Formacao de biofilmes

O processo que origina a formacdo de biofilmes é designado por quorum-sensing (QS) [65]-
[67]. Os fendmenos de QS explicam a forma como as bactérias comunicam umas com as

outras, na tentativa de em conjunto, levar a alteracdo da expressdo génica, no interior da

24




Capitulo 1 - Introduc¢ao Geral

populacao [65]-[67]. Nas bactérias Gram-negativas, pequenas moléculas, como as homoserina
lactonas (AHLs), sdo as responsaveis pela comunicacdao entre bactérias [65]-[67]. Nas
bactérias Gram-positivas, os péptidos autoindutores, que se ligam aos recetores de cinase de

histidina, sdo os responsaveis por essa comunicacao [65]-[67].

Na primeira etapa da formacao de biofilmes, as células plancténicas localizam um substrato
adequado para se fixarem e iniciarem o ciclo de crescimento (Figura 7) [65]-[67]. Esta
adesao, inicialmente reversivel, torna-se irreversivel, uma vez que as bactérias comecam a
produzir uma substancia exopolimérica (EPS). Esta substancia é fundamental para a
sobrevivéncia do biofilme e é composta por varias biomoléculas provenientes das bactérias e
do ambiente circundante, servindo como uma barreira de defesa dos microrganismos contra
0s microbicidas, proporcionando um espaco fechado para o biofilme consolidar [65]-[67]. A
maturacao do biofilme verifica-se quando esta estrutura se torna tridimensional no espaco.
Com o desenvolvimento continuo do biofilme, a sua morfologia e topografia tornam-se
distintas [65]-[67]. De seguida, ocorre a projecao de unidades do biofilme, a partir da
biomassa inicial, que permite a maxima adsorcao de nutrientes e eliminacdo de residuos [65]-
[67]. Além disso, a formacao de cavidades ou canais ocos ao longo do biofilme vai-se tornando
evidente. Estas caracteristicas estruturais conferem ao biofilme, um sistema de transporte,
necessario para canalizar agua e células planctonicas para toda a comunidade [65]-[67]. A
Ultima fase do ciclo de desenvolvimento do biofilme é o desprendimento de bactérias do
biofilme que vao colonizar outros locais, que podem ser distantes do local inicial, e assim
repetir o ciclo de desenvolvimento do biofilme. A producao de biofilme pode estar associada

a estados de stresse biotico ou ambiental [65]-[67].
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Figura 7: Ciclo de crescimento do biofilme: A) células planctonicas; B) adesao reversivel a uma
superficie; C) Inicio da secrecao de EPS pelas bactérias, tornando a adesao irreversivel; D) o biofilme
maduro adquire estrutura tridimensional; E) Biofilme completamente maduro; F) Dispersao de bactérias

do biofilme para colonizarem outras superficies distantes (retirada de [65]).
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1.4.2.2. Mecanismos de resisténcia do biofilme

Muitos dos mecanismos de resisténcia microbiana estdo associados a formacao de biofilmes,
que proporcionam uma protecdo para as bactérias em crescimento (Figura 8) [65], [66]. Os
biofilmes sdao compostos por uma populacdo heterogénea de células bacterianas que
apresentam diferentes propriedades metabolicas [65], [66]. As células que sdo incorporadas
nas camadas inferiores do biofilme podem crescer a um ritmo mais lento, devido a falta de
nutrientes e oxigénio, em comparacao com as células que se encontram a superficie do
biofilme [65], [66]. A natureza do biofilme e a matriz de EPS podem intercetar alguns
microbicidas, antes que estes possam efetivar os seus efeitos bioldgicos [65], [66]. Muitos dos
agentes anti-microbianos nao conseguem penetrar completamente o nicleo do biofilme,
ficando presos na EPS ou por entrarem em contacto com as células resistentes, que impedem
a penetragao [65], [66]. A troca de material genético dentro do biofilme, através do processo
de conjugacao, pode ocorrer a taxas superiores a 100 vezes quando comparadas com
populacoes de células planctonicas. Portanto, o desenvolvimento de mecanismos de
resisténcia, tais como as bombas de efluxo, podem ser rapidamente propagadas a toda a
comunidade do biofilme [65], [66]. Um dos problemas fundamentais no tratamento de
infecdes associadas a biofilmes € a alta taxa de infecbes recorrentes, o que, muitas vezes
resulta, num estado de doenca mais agressivo (Figura 9) [65], [66]. Este problema é atribuido
a existéncia de células ‘persistentes’, que se encontram na populacdo de células do biofilme
e também na populacao de células planctonicas, sendo inerentemente resistentes a acao de
antibioticos ou microbicidas [65], [66]. No tratamento de doencas infeciosas, em que houve
fixacao de biofilme, verifica-se que os tratamentos iniciais, destinados a controlar a infecao,
parecem ser bem-sucedidos com a eliminacdo de sintomas no doente [65], [66]. No entanto,
quando as células ‘persistentes’ repovoam a comunidade, os métodos de tratamento sao
menos eficazes nas infecdes subsequentes. Além disso, as células ‘persistentes’ nao sao
erradicadas pela resposta imunitaria do hospedeiro, porque se encontram protegidas pela

matriz exopolimérica do biofilme [65], [66].
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Figura 8: Diagrama conceptual dos mecanismos de resisténcia dos biofilmes (adaptado de [65]).
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Figura 9: Presenca de células ‘persistentes’ nos biofilmes (adaptada de [65]).

1.4.3. Compostos naturais como anti-microbianos

Tem-se verificado um aumento no estudo do potencial de fontes vegetais, microbianas e
animais, para a producao de novas moléculas que possam ser a base para o desenvolvimento
de farmacos antibacterianos [61]. As plantas tém recebido grande atencdo como potenciais
fontes de agentes antibacterianos, o que se traduz por um grande numero de comunicacoes
sobre a atividade antibacteriana in vitro de extratos de plantas, o6leos essenciais e
metabolitos secundarios de plantas isolados e purificados, em conferéncias internacionais
sobre Etnobiologia e Etnofarmacologia, e pelo elevado nimero de publicacdes nesta area
[58], [68]-[76].

As razles para a grande popularidade de materiais vegetais prendem-se com a enorme
biodiversidade dentro do reino vegetal, com o elevado niimero de espécies de plantas com
flor estimado em mais de 300 000; pela producdo de um grande nimero de metabolitos
secundarios, de baixo peso molecular, pelas plantas, e, pelo facto dos medicamentos
derivados de plantas terem sido usados durante séculos em muitas partes do mundo para
tratar uma grande variedade de doencas, incluindo infecdes, presumindo-se que os individuos

nao iriam continuar a fazé-lo se nao obtivessem nenhum beneficio [61].

A elevada diversidade de compostos bioativos deve-se, em parte, aos mecanismos de defesa
das plantas contra microrganismos, insetos, nematodes e até contra outras plantas [77]. O
sistema de defesa das plantas previne eficazmente a maioria das infecées causadas por
patogéneos bacterianos ou fitopatogéneos. Estes tém estratégias comuns para infetar e
colonizar hospedeiros vegetais e animais, nomeadamente, a capacidade de administrar
proteinas efetoras nas células do hospedeiro e também a capacidade de mimetizar, suprimir
ou modular as vias de sinalizacao de defesa do hospedeiro, melhorando a aptidao do
patogéneo [77]. Neste sentido, espera-se que algumas bactérias, que sao normalmente
patogénicas em animais, possuam suscetibilidade semelhante aos fitoquimicos, relativamente
as bactérias patogénicas das plantas [77]. Os produtos quimicos de defesa produzidos pelas
plantas sdo geralmente classificados como fitoanticipinas, que sdao moléculas

constitutivamente presentes numa forma inativa, ou como fitoalexinas, cujos niveis
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aumentam fortemente em resposta a invasao microbiana ou sdo sintetizadas em resposta a
uma infecao [77]. As fitoanticipinas sao produtos de baixo peso molecular que se encontram
presentes nas plantas, antes do ataque por microrganismos, ou sao produzidas a partir de
componentes pré-existentes apos ataque microbiano [77]. Estes fitoquimicos, tais como, os
glucosinolatos, os glicosidos cianogénicos e os sapondsidos, sao normalmente armazenados
como glicosidos menos toxicos, nos vaclolos ou nas paredes celulares das células da planta
[77]. Se a integridade da célula for quebrada, quando penetrada por um microrganismo, o
glicosido entra em contacto com enzimas hidroliticas, presentes noutros compartimentos da
célula, libertando agliconas toxicas [77]. As fitoalexinas sao produtos de baixo peso molecular
que sao produzidas em resposta a ofensivas microbianas, ambientais ou de herbivoros [77].
Apés a detecdo de patogéneos pelas plantas, é produzida uma mistura complexa de
metabolitos secundarios, de modo a controlar o invasor [77]. As fitoalexinas sao
quimicamente diferentes e incluem varias classes, tais como derivados fenilpropanoides
simples, alcaloides, glicocorticoides, flavonoides, isoflavonoides, varios produtos de enxofre,

terpenos e antraquinonas [77].

Os fitoquimicos com atividade antibacteriana reconhecida pertencem principalmente as
seguintes classes estruturais de compostos: fendis, terpenoides e 6leos essenciais, alcaloides,

lectinas e polipéptidos, e poliacetilenos [77].

1.4.4. Métodos de avaliacdo in vitro da atividade anti-microbiana

Do mesmo modo que a avaliacdo da atividade bioldgica é fundamental para a avaliacdo da
suscetibilidade aos antibioticos, é igualmente necessaria para o rastreio de novos agentes
anti-microbianos [78]. Os produtos naturais, tais como, extratos de plantas, dleos essenciais
ou compostos bioativos puros, constituem potenciais alternativas aos antibidticos
convencionais. Por isso, encontram-se descritos varios métodos para a avaliacdo das suas
propriedades anti-microbianas, sendo os resultados obtidos influenciados pelos
microrganismos utilizados, pelos métodos de extracdo dos compostos bioativos e pelo grau de
solubilidade dos mesmos [78]. Por forma a padronizar os procedimentos de avaliacdo da
atividade anti-microbiana, o laboratério Clinical and Laboratory Standards Institute (CLSI)
elaborou protocolos normalizados para os métodos de diluicio em agar e de microdiluicao
para a determinacao da Concentracao Minima Inibitoria (MIC) das amostras em estudo [78],
[79]. Os métodos colorimétricos sdo uma abordagem alternativa, usando sais de tetrazolium
como indicadores, uma vez que as bactérias os convertem em derivados de formazano com
cor, que pode ser quantificada [78]. Apesar destes compostos serem bons indicadores do
crescimento microbiano, apresentam algumas limitacdes, tais como, a autofluorescéncia, a
reducao dos sais de tetrazolium pelos compostos bioativos, especialmente no caso do XTT (3~
{1-[(phenylamino)-carbonyl]-3,4-tetrazoliumj}-bis (4-methoxy-6-nitro)benzene-sulfonic acid

hydrate), TTC (2,3,5-triphenyl tetrazolium chloride) e resazurina [78].
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1.4.4.1. Teste da difusao em disco

O teste da difusdao em disco é relativamente barato, facil de usar e flexivel, € um método
baseado na difusao em agar, e que fornece resultados qualitativos. No entanto, o teste da
difusdao em disco é baseado na utilizacdo de um gradiente de concentracao do composto anti-
microbiano relativamente instavel, gerado a partir de uma fonte de difusdo pontual central,
ou seja, o disco [79]. Muitas variaveis in vitro, tais como, a densidade do indculo, a fase de
crescimento, e as variacoes na placa de agar (por exemplo, a profundidade) podem
influenciar directamente os tamanhos da zona de inibicao e portanto, dar resultados pouco
fiaveis. Serdo obtidas zonas de inibicdo maiores com o crescimento lento dos organismos

fastidiosos em comparacao com rapido crescimento de bactérias aerdbias [79].

1.4.4.2. Métodos para a determinacado da Concentracdo Minima Inibitéria (MIC)

A Concentracdo Minima Inibitéria (MIC) € definida como a menor concentracdao dos compostos
em estudo que inibe o crescimento visivel dos microrganismos testados [79], [80]. A
Concentracao Minima Letal (MLC), que no caso das bactérias se designa por Concentracao
Minima Bactericida (MBC) é a menor concentracdo de um composto que mata a maioria
(99,9%) do indculo [79], [80]. Como a MIC se refere a capacidade de inibicao, é possivel que,
caso o composto anti-microbiano seja removido, 0 microrganismo comece a crescer
novamente [79], [80]. Para determinar a capacidade do composto anti-microbiano matar o

microrganismo, pode ser realizado um ensaio de crescimento [79].

A determinacdo do valor de MIC pode ser realizada em agar ou em meio liquido. O método
tradicional de determinacao da MIC é utilizando a técnica de diluicado em meio liquido, onde
varias diluicdes do composto anti-microbiano sdo incorporadas no meio liquido, utilizando
para isso os pocos de microplacas ou tubos de ensaio. Cada tubo ou poco da microplaca
contém uma concentracao diferente do agente anti-microbiano e é inoculada com um valor
fixo do microrganismo a ser testado. Apds incubacdo adequada, a menor concentracao que
nao revele crescimento visivel é considerada como o valor de MIC [79]. O teste de diluicao em
agar € utilizado para a determinacdo do valor de MIC de um agente anti-microbiano
necessaria para inibir o crescimento de um microrganismo. Tal como acontece com técnica de
diluicao em meio liquido, o método de diluicdo em agar fornece um resultado quantitativo,
sob a forma do valor de MIC, em contraste com os testes de suscetibilidade, baseados na
difusao em disco, que resultam numa medida indireta de suscetibilidade e proporcionam um
resultado qualitativo interpretativo. O método de diluicaio em agar € o que se encontra
melhor estabelecido para determinar a suscetibilidade anti-microbiana e é comummente
utilizado como padrdo ou método de referéncia para a avaliagdo de novos agentes anti-

microbianos [79].

Tém surgido, varios métodos de determinacao dos valores de MIC, que utilizam corantes

vitais, de modo a facilitar a interpretacao dos resultados. Destes, destacam-se os que
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utilizam a resazurina [81]. A resazurina é um corante redox de cor azul, que as bactérias
metabolicamente ativas reduzem a resorufina (cor-de-rosa), e por fim a dihidroresorufina
(incolor) [81].

1.4.4.3. Métodos de avaliacdo da atividade anti-biofilme

Os sistemas de formacao de biofilmes baseados em microplacas estdao entre os mais
frequentemente usados [82]. Nestes sistemas, os biofilmes, ou sao formados no fundo e nas
paredes da microplaca (geralmente numa placa de 96 pocos), ou sdo formados na superficie
de um cupao colocado no fundo dos pocos da microplaca (comummente em placas de 6 , 12
ou 24 pocos) [82]. Apos o crescimento do biofilme, a extensdao da formacdao do mesmo ou a
inibicdo da sua formacdo, por um determinado composto, pode ser medida por varios
métodos [82]. O numero de células cultivaveis pode ser determinado usando métodos de
contagem em placa convencionais e, para isso, as células devem ser removidas da superficie
por raspagem e/ou ultrassons (quando os biofilmes sao formados na parte inferior e nas
paredes da microplaca), ou podem ser separadas da superficie através da aplicacao de ciclos
de sonicacao e vortex (quando os biofilmes sao formados em cupdes nos pocos da microplaca)
[82]. Subsequentemente, as células em suspensdao podem ser plaqueadas. No entanto, os
métodos de plagueamento convencionais ndo permitem a recuperacdo de células viaveis mas
nao cultivaveis [82]. Outas técnicas alternativas tém sido desenvolvidas para a quantificacao
de biofilmes, formados em microplacas, e incluem: técnicas para determinar a biomassa total
do biofilme (matriz exopolimérica, células vivas e mortas), por exemplo, a coloracdo com
violeta de cristal; métodos para determinar o nimero de células aderidas viaveis, utilizando a
resazurina ou o XTT; e técnicas para avaliar a quantidade de polimeros extracelulares da

matriz do biofilme (coloracao com azul de dimetilmetileno) [82].
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1.5. Caracterizacdo das plantas estudadas

0 Parque Natural da Serra da Estrela abrange uma area montanhosa, localizada no centro-
oeste do territério portugués, repartida pelos concelhos de Celorico da Beira, Covilha,
Gouveia, Guarda, Manteigas e Seia, constituindo uma das mais extensas areas protegidas
nacionais [83]-[85]. O Parque foi criado em 16 de julho de 1976 (D.R. N.° 557/76), com uma
area inicial de 52 000 hectares, tendo os seus limites sido redefinidos em revisdes posteriores.
Em 1979, a sua area foi ampliada para 101 060 hectares (D.R. N.° 167/79) e, mais
recentemente, em 2007 (D.R. N.° 83/2007) sofreu uma reducao para 88 850 hectares [83]-
[85].

Pela sua posicao latitudinal e pequena distancia em relacdo ao oceano Atlantico, a Serra da
Estrela esta sujeita a influéncias climaticas mediterranicas, atlanticas e continentais. Estes
aspetos, em conjunto com a complexidade orografica e geoldgica e com a acdo do homem ao
longo dos ultimos séculos, determinam uma diversidade biologica elevada a nivel da flora
[83]-[85]. A variacao altitudinal consideravel desta montanha tem como consequéncia uma
zonacdo bem marcada da vegetacdo. Assim, é possivel definir trés grandes andares de
vegetacdo, basal, intermédio e superior, que podem ser caracterizados pela sua vegetacao

atual, potencial e respetivas etapas de substituicao [83]-[85].

Da flora da Serra da Estrela fazem parte um pouco mais de 900 taxa de plantas vasculares,
que representam cerca de um terco da fitodiversidade nacional, alguns deles endémicos da
Serra tais como: Festuca henriquessii, Silene foetida foetida e outros de ocorréncia restrita
em Portugal, correspondentes a elementos floristicos Mediterranicos, Atlanticos,
Continentais, Alpinos e Boreais [83]-[85]. No Parque Natural da Serra da Estrela existem 32
habitats incluidos no Anexo | da Diretiva Habitats e cerca de um quarto das espécies de
plantas descritas nesta area fazem parte da lista preliminar para o Livro Vermelho das plantas

vasculares de Portugal [83]-[85].

Descrevem-se a seguir algumas espécies vegetais que ocorrem no Parque Natural da Serra da
Estrela, e que foram objeto de estudo neste trabalho, no contexto da procura de novas
substancias com atividades antioxidante e anti-microbiana, assim como, as suas utilizacoes na

medicina popular e as propriedades bioldgicas que se encontram estudadas.

1.5.1. Echinospartum ibericum (E. ibericum)

A espécie E. ibericum (Figura 10), conhecida vulgarmente por caldoneira, pertence ao género
Echinospartum, da familia Fabaceae. Esta espécie € endémica da Peninsula Ibérica e cresce
normalmente acima dos 1000 metros de altitude. Sao conhecidas outras espécies de
caldoneira, tanto em Portugal como em Espanha, mas ndao se conhecem aplicacées na

medicina tradicional nem a sua composicao quimica ou propriedades biologicas [86].

31



Capitulo 1 - Introducao Geral

Figura 10: Fotografia da caldoneira na época da floracéo.

1.5.2. Pterospartum tridentatum (P. tridentatum)

A carqueja (Figura 11), cujo nome cientifico é P. tridentatum, é uma espécie autoctone que
ocorre no norte da Peninsula Ibérica e em Marrocos [87], [88]. Este pequeno arbusto cresce
em solos acidos até cerca de 100cm, e as suas flores amarelas caracteristicas e de odor tipico
sao tradicionalmente colhidas na primavera, de marco a junho [87], [88]. As folhas e os
caules sao normalmente utilizados em culinaria, para aromatizar arroz e carne assada [87],
[88]. Os caules secos sao também utilizados como combustivel nos fornos de lenha
tradicionais, dando um agradavel aroma ao pao [87], [88]. Além disso, estudos recentes
demonstraram a possibilidade deste arbusto ser utilizado como alternativa aos combustiveis
fosseis, como fonte de acglcares convertiveis em bioetanol [89]. As flores da carqueja sao
utilizadas na medicina tradicional sob a forma de infusdes, sozinhas ou em misturas de ervas,
no tratamento de irritacdes da garganta, no controlo da glicémia (em casos de diabetes tipo
2), da hipertensdo e da hipercolesterolemia [87], [88]. A infusdo das flores esta também
indicada no alivio de problemas do figado, bexiga, rins e reumatismo [88]. Este arbusto é
também conhecido pelas suas propriedades diuréticas, laxantes, purgativas, emolientes e
digestivas [90]. O dleo essencial das partes aéreas desta espécie, colhidas durante a fase de
floracdo, é constituido maioritariamente por cis-theaspirane (13%), trans-theaspirane (12%) e
octen-3-ol (11%) [88]. O extrato aquoso das flores de carqueja possui atividade antioxidante
demonstrada pelos métodos do ABTS (2,2"-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid))
e do B-caroteno/acido linoleico, possuindo também grandes concentracdoes em fendis totais
[87]. Este extrato € constituido por uma mistura de compostos incluindo o acido poliolquinico
e derivados de acidos gordos como sulfato de 12-hidroxijasmonato, acido 5’-hidroxijasmoénico
e 5’-0-glucoésido e outros compostos fenolicos [87]. Isto sugere que as flores da espécie P.
tridentatum possuem fenois de diferentes classes, nomeadamente, acidos fendlicos, flavonas,

flavonois e isoflavonas [87].
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Figura 11: Pormenor das flores amarelas da carqueja.

Relativamente as propriedades biologicas da carqueja, mostrou-se que o extrato aquoso das
flores desta espécie, ndo afeta a fosforilacdo oxidativa nas mitocondrias [87]. Além disso,
estudaram-se as propriedades toxicas destes extratos e verificou-se que os mesmos nao
apresentavam toxicidade para células hepaticas [87]. Outro estudo, com o objetivo de
caracterizar a decoccdo de carqueja que é utilizada tradicionalmente, permitiu concluir que
os principais constituintes do extrato aquoso sdo trés derivados da genisteina (4’,5,7-
trihidroxi-isoflavona): as isoflavonas sissotrina, genistina e prunetina; a isoflavona 5,5’-
dihidroxi-3’-metoxi-isoflavona-7’-0-B-glucosido também esta presente [91]. Mostrou-se que as
flores da carqueja tém atividade antioxidante em ambiente celular, para concentracoes
superiores a 0.3mg/mL, sendo o extrato desprovido de toxicidade para as células endoteliais
[91], [92]. Verificou-se que existe uma relacdo entre a capacidade antioxidante dos extratos
de carqueja com os potenciais efeitos benéficos nos doentes com diabetes, uma vez que o
extrato aquoso desta espécie previne os danos oxidativos nas células endoteliais e assim
atrasa o desenvolvimento de complicacbes vasculares [91], [92]. A atividade antioxidante
deste arbusto foi amplamente estudada e relaciona-se com a sua composicao em compostos
fendlicos [90], [93].

1.5.3. Juniperus communis (J. communis)

A espécie J. communis, conhecida vulgarmente por zimbro (Figura 12), € uma gimnospérmica
pertencente a familia Cupressaceae, e corresponde a um arbusto que ocorre a alta altitude
[94]. E o segundo género mais diverso das coniferas, com 67 espécies e 34 variedades. Todos
os tdxons estao restritos no hemisfério norte, exceto a espécie J. procera Hochst. Ex Endl.,
que também cresce ao longo das montanhas do rifte da Africa oriental, no hemisfério sul [95].
O zimbro prospera nas pastagens e nas falésias nas zonas montanhosas da Europa, Asia, e
América do Norte [95].
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Figura 12: Fotografia do zimbro, mostrando as suas bagas.

Estdo bem documentadas as propriedades medicinais desta espécie em casos de diarreia,
dores abdominais, tumores, hemorroidas, bronquites e indigestao [94]. As bagas maduras do
zimbro sao tradicionalmente utilizadas como aromatizantes na confecao de alguns alimentos
e na preparacao de bebidas alcodlicas [94]. De acordo com a regulamentacao europeia (EEC
1576/89), o sabor principal no tipo de gim mais comum e popular (London dry gin), que
pertence a classe de “gins destilados”, provém das bagas do zimbro [96]. Estas contém cerca
de 2% de substancias volateis, juniperina, resinas (10%), proteinas, acidos formico, acético e
malico. Os frutos maduros secos contém oleo essencial, também conhecido por oleo de
zimbro, constituido por pineno, cadinenos, canfeno e outros acidos diterpénicos [94]. Em
fitoterapia, o o6leo de zimbro tem sido utilizado como carminativo, diurético, inalado
juntamente com vapor de agua em casos de bronquite, em doentes com artrite e também
como antioxidante [94]. Os oleos essenciais das agulhas, dos frutos e da madeira do zimbro
foram objeto de varios estudos e as suas propriedades biologicas, tais como, anti-microbiana
e citotoxica foram amplamente descritas e comprovadas [95], [97]-[101]. As bagas sao
também recomendadas no alivio da tosse, no tratamento da tuberculose infantil (demonstrou-
se a atividade contra Mycobacterium tuberculosis [102], [103]) e na terapia de doentes
diabéticos [94]. Estudou-se a atividade anti-microbiana de extratos desta espécie e verificou-
doencas em humanos e em plantas [30], [94], [104]. Os extratos aquosos e etandlicos das
folhas e das bagas do zimbro apresentaram atividade antioxidante medida por varios métodos

e também capacidade de inibicao da acetilcolinesterase [25], [30], [104].

1.5.4. Ruscus aculeatus (R. aculeatus)

A gilbardeira (R. aculeatus) (Figura 13) pertence a subfamilia Asparagoideae da familia

Liliaceae (Ruscaceae) e € uma espécie amplamente distribuida pela Europa [105].
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Figura 13: Fotografia da gilbardeira.

O extrato alcodlico dos rizomas desta espécie é normalmente utilizado no tratamento de
problemas venosos ou como tdnico e/ou preventivo vascular em casos de hemorroidas e
fragilidade capilar [106], [107]. O extrato de R. aculeatus aumenta a circulacao venosa
periférica, causando contracdes, pela ativacdo dos adrenorecetores al e a2, levando a
libertacdo de norepinefrina endégena das terminacdes nervosas adrenérgicas, e pela agao
direta na musculatura lisa venosa [108]. Além disso, os extratos também possuem atividade
anti-elastase e sdao componentes de farmacos com atividade anti-inflamatoria e
vasoconstritora [109]. O efeito anti-edema de alguns heterosidos esteroides desta espécie foi
também demonstrado em fendmenos edematosos [109]. A analise quimica permitiu verificar a
presenca de uma série de sapogeninas esteroides, saponinas, esterdis e triterpenos [105]. No
geral, os compostos bioativos desta espécie sao as saponinas esteroides, principalmente do
tipo espirostano, incluindo as agliconas neoruscogenina e ruscogenina [110]. Estes compostos
provém da ciclizacdo do 2,3-oxidosqualeno [111]. A atividade citostatica de alguns compostos

presentes nos rizomas desta espécie foi estudada em células de leucemia (HL-60) [105].

1.5.5. Rubus ulmifolius (R. ulmifolius)

A espécie R. ulmifolius, vulgarmente conhecida por silvas (Figura 14), pertence a familia
Rosaceae e tem sido utilizada para fins terapéuticos [112]. As folhas e os rebentos desta
espécie sdao usados na medicina tradicional Italiana, devido as suas propriedades biologicas,
nomeadamente, anti-inflamatoria, antiodontalgica e espasmolitica gastrointestinal [112]; os
rebentos jovens esmagados sao aplicados em feridas e em picadas de insetos infetadas [112].
As folhas jovens esmagadas sao aplicadas no tratamento de abcessos, furinculos e Ulceras; as
decoccoes das folhas sao utilizadas externamente na vermelhidao dos olhos, em lavagens
vaginais, e internamente em casos de diarreia, hemorroidas e inflamacgdes intestinais [113].

Na medicina popular Chilena, as silvas sao utilizadas devido a sua atividade hipoglicemiante,
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experimentalmente demonstrada em ratos [113]. Também se comprovaram as propriedades
anti-microbianas de extratos metandlicos brutos das silvas em diversas bactérias e fungos
[112], [114]. A atividade anti-microbiana de extratos de elevada polaridade, como por
exemplo extratos metanolicos, de R. ulmifolius foi demonstrada em varias bactérias Gram-
positivas, Gram-negativas e leveduras, enquanto os extratos com n-hexano, cloroféormio,
cloroférmio/metanol (9:1) sao menos ativos [112]. A maxima atividade foi conseguida pelas
fracoes contendo fendis e taninos. As partes aéreas das silvas contém compostos fenolicos,
incluindo flavonoides (quercetina, caempferol, acido cafeico e acido clorogénico), acidos
gordos saturados e insaturados, e mostraram ter atividade antifingica [112], [114]. Foram
também identificados nesta planta, compostos como o ursano, oleanano, triterpenos e
glicosidos de flavonoides; além disso a atividade anti-microbiana destes compostos puros e de
fracoes ativas foi comprovada em diversos microrganismos, particularmente em estirpes de S.
aureus multirresistentes [113], [114]. O estudo conduzido por Martini et al, 2009 [115]
demonstrou a capacidade de extratos de R. ulmifolius inibirem o crescimento de estirpes de
Helicobacter pylori, pela inativacdao das bombas ionicas, isto €, enzimas que regulam o fluxo
de cobre e outros catides de metais de transicdo através das membranas [115]. A atividade
anti-microbiana dos extratos desta espécie em estirpes de patogéneos alimentares também
foi estudada [116]. O trabalho de Quave et al, 2012 [117] permitiu concluir que o extrato das
raizes de R. ulmifolius, rico em acido elagico e outros derivados, pode ser utilizado na
inibicdo da formacao de biofilmes de estirpes de S. aureus, nao exercendo atividade tdxica
em células normais de mamiferos, o que sugere a possivel aplicacdo deste extrato na
prevencao e tratamento de infecdes associadas a biofilmes de S. aureus [117], [118]. A
atividade antioxidante de extratos de silvas e dos seus frutos, as amoras silvestres, encontra-
se bem explorada e fundamentada cientificamente [43], [119], [120]. Esta atividade esta
relacionada com a presenca de acido cafeico, acido ferdlico, ésteres quinicos cafeicos e
também quercetina-3-0-glucoronido e caempferol-3-O-glucoronido [119]. A espécie
Portuguesa de silvas tem sido amplamente estudada e as suas propriedades biologicas

descritas, nomeadamente atividade antioxidante [120]-[122].

PR AL

Figura 14: Pormenor das flores (a esquerda) e dos frutos (a direita) da espécie R. ulmifolius.

1.5.6. Hakea sericea (H. sericea)

A espécie H. sericea (Proteaceae) (Figura 15), também conhecida por carapeteiro ou haquea-

picante, € uma espécie nativa do sudeste da Australia, introduzida em Portugal para fins
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ornamentais e que rapidamente se tornou numa espécie infestante. A sua capacidade de
produzir raizes proteoides juntamente com a producdo de um grande nimero de sementes,
protegidas por foliculos lenhosos que se acumulam pelos ramos durante toda a vida da planta,
a eficiente dispersao das sementes pelo vento e a sua rapida germinacdo, permitiu que esta
espécie se adaptasse a territorios sujeitos a incéndios e em solos pobres em fosforo. Estas
vantagens tornaram a espécie H. sericea uma espécie invasora agressiva para a vegetacao
natural e autdctone da bacia do Mediterraneo, a semelhanca do que se observou na Nova
Zelandia e na Africa do Sul [123], [124].

Figura 15: Fotografia da espécie H. sericea.

O estudo de Barr et al, 1988 [125], levou ao isolamento de 5-alquilresorcindis, a partir de
extratos das espécies H. trifurcata e H. amplexicaulis (ambas do género Hakea), com a
capacidade de clivar moléculas de DNA [125]. Recentemente a espécie H. sericea tem
recebido maior destaque, verificando-se que extratos desta planta apresentavam grandes
concentragées de fenois e flavonoides [126]. Mostrou-se também que os extratos polares de
espécies de Hakea (H. sericea e H. salicifolia) tém boa atividade anti-microbiana em diversas

estirpes de S. aureus, incluindo algumas multirresistentes [126].

1.5.7. Cytisus multiflorus (C. multiflorus)

A giesta-branca (C. multiflorus) (Figura 16), Leguminosae-Cytiseae, é uma espécie presente
em torno do Mediterraneo, apesar de ser encontrada em regides geograficas distintas como o
norte e o sul de Africa, a Europa ocidental e central, o Mar Negro e a Turquia [127]. Esta
espécie, abundante na Peninsula Ibérica, cresce em solos pobres e acidos, aparece
frequentemente em areas degradadas ou marginais. Apresenta um grande nimero de flores
brancas com um sistema de apresentacdo de polen tipo valvular. A giesta-branca é muito
utilizada para fins ornamentais, mas também para alimentacdo de gado. Outras aplicacoes

desta planta incluem a recolha do pélen para fins de apicultura e a fertilizacdo da terra para
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a agricultura [127]. Este arbusto, e outros do mesmo género botanico, sao conhecidos pelas
suas propriedades bioativas, nomeadamente, antioxidante, diurética, hipnotica, ansiolitica e
antiparasitaria [93], [127]-[129]. Esta bioatividade, e em particular a atividade antioxidante,
esta relacionada com a elevada concentracdo de compostos fendlicos e flavonoides nesta
espécie [93], [128], [129].

Figura 16: Giesta-branca florida.

1.5.8. Crataegus monogyna (C. monogyna)

A espécie C. monogyna, vulgarmente designada por pilriteiro ou espinheiro (Figura 17), € uma
das espécies mais recomendadas na medicina popular e as suas bagas sdao abundantemente
consumidas por pastores, cacadores e criancas, por serem consideradas saudaveis e nutritivas
[130], [131]. O género Crataegus (Rosaceae) originario das zonas temperadas do hemisfério
norte é composto por 280 espécies. Encontra-se no oeste Asiatico, na América do Norte e na
Europa, onde estdo descritas 21 espécies. Para além da sua vasta utilizacdo horticola como
espécie ornamental, € considerada uma das plantas medicinais mais antiga do mundo
ocidental, estando inscrita em diversas farmacopeias [132]-[136]. A utilizacao disseminada
desta planta relaciona-se com as suas propriedades neuro- e cardio-sedativas e a baixa
toxicidade. A sua bioatividade esta associada a presenca de catequinas ((+)-catequina, (-)-
epicatequina), proantocianidinas, flavonoides (hiperosido, vitexina-2’’-0O-ramnésido, vitexina-

4’-acetil-2’-ramnosido, rutina e vitexina) e flavandis [132], [133], [137].

A caracteristica mais importante dos extratos desta espécie é o seu efeito inotropico positivo,
isto é, a capacidade de ativacdo das células do musculo cardiaco, regulando o fluxo de
sangue, atuando como dilatadores coronarios [138], [139]. Estda amplamente descrita a
atividade antioxidante de extratos de pilriteiro, que se deve a presenca de inUmeros
compostos fenolicos [24], [133], [138].
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Figura 17: Flores (a esquerda) e frutos maduros (a direita) da espécie C. monogyna.

Em varias regides de Portugal, o pilriteiro é considerado especialmente importante na
prevencdao de varias doencas relacionadas com a idade (doencas cardiovasculares,
aterosclerose, artrite e hipertensao, por exemplo) [122]. Estd também indicado no
tratamento de constipacdes, infecdes respiratorias superiores, pneumonias, bronquites e é
utilizado como tranquilizante e no controlo das perturbacées associadas a menopausa,
obesidade e celulite [130]. As mulheres costumam reunir os frutos maduros outonais para
darem as criancas, por acreditarem que sdo fortes suplementos vitaminicos [130]. Além disso,
sdo também conhecidas aplicacdes das flores e dos frutos desta espécie no tratamento da
insuficiéncia cardiaca crénica, na hipertensao arterial, em arritmias e em varias doencas
gastricas bem como noutras aplicacoes geriatricas [130]. Os frutos do pilriteiro sdao por vezes
utilizados, na confecao de compotas, doces, geleias, bebidas e licores [130]. Verificou-se que
as flores desta espécie apresentam grandes teores de tocoferdis e acido ascorbico. Os frutos
maduros possuem maiores niveis de hidratos de carbono, B-caroteno e acidos gordos
saturados. Por sua vez, os frutos verdes, contém maiores concentracdes de acidos gordos
polinsaturados, assim como maiores quantidades de compostos fendlicos e melhor atividade
antioxidante [130]. Mostrou-se a atividade anti-proliferativa de extratos das diferentes partes
aéreas da espécie C. monogyna, devida essencialmente a presenca de compostos fendlicos
que modulam os eventos biologicos associados a progressdo e desenvolvimento do cancro, tais

como, proliferacao celular, apoptose, diferenciacao celular e neovascularizacao [140].

1.5.9. Erica arborea (E. arborea)

A espécie E. arborea, conhecida por urze-branca (Figura 18), pertence ao género Erica
(Ericaceae), e encontra-se distribuida pela Europa, Médio Oriente e Africa. Esta espécie é
nativa de uma série de paises de Africa, Asia e Europa; também é natural nas Ilhas Britanicas,
Australia e Nova Zelandia [141], [142]. Este arbusto pode atingir os 7 metros de altura e
produz uma enorme quantidade de pequenas flores brancas. As suas folhas e flores tém sido
utilizadas devido a sua acdo adstringente, diurética, antisséptica urinaria e laxante [141],
[142]. Estao também indicadas na cicatrizacdao de feridas e ja Dioscorides indicava que um
cataplasma preparado a partir das folhas de urze curava as mordidas de serpentes [142]. As
espécies de Erica contém inUmeros compostos bioativos, tais como, flavonoides,

antocianidinas, cumarinas e triterpenoides [142]. Estudos fitoquimicos prévios levaram ao
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isolamento de (-)-epicatequina, quercitrina e glicosidos flavonicos [141], [142]. As atividades
farmacoldgicas desta espécie foram estudadas e demonstradas, tais como, anti-ulcera, anti-
microbiana, anti-inflamatédria, hipolipidémica e citotoxica [142]-[144]. As propriedades
antioxidantes de extratos desta espécie encontram-se também descritas e estao relacionadas
com a presenca de compostos fenodlicos [93], [145], [146]. Além disso, o mel produzido a
partir de polen proveniente das flores de diferentes espécies de Erica possui atividades

antioxidante e anti-microbiana [147], [148].

Figura 18: Urze-branca em flor.

1.5.10. Ipomoea acuminata (I. acuminata)

As flores popularmente chamadas por bons-dias ou glérias-da-manha, de seu nome cientifico
I. acuminata (Figura 19), pertencem ao género Ipomoea, a que também pertence a batata-
doce, da qual se conhecem algumas propriedades biologicas [149]-[152]. Ndo se conhecem, no

entanto, utilizacdes na medicina popular ou estudos fitoquimicos para esta espécie.

Figura 19: Pormenor da flor da espécie I. acuminata.
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1.5.11. Ailanthus altissima (A. altissima)

A espécie A. altissima (Simaroubaceae) vulgarmente designada por arvore-do-céu (Figura 20)
€ nativa da China e foi introduzida na Europa no século XVIII [153], [154]. Apesar de inodoras,
quando se encontram na planta, as folhas e as flores apresentam um odor desagradavel
quando sdao esmagadas [153], [154]. A espécie A. altissima encontra-se hoje amplamente
naturalizada e adaptada a uma vasta variedade de tipos de solo. Esta planta & muito dificil de
controlar e/ou remover, apéds ter criado uma raiz principal [153], [154]. Varias caracteristicas
contribuem para o sucesso da arvore-do-céu, nomeadamente, a versatilidade dos seus
métodos de reproducao, o seu crescimento extremamente rapido, a tolerancia a condicoes
desfavoraveis e a provavel auséncia de aleloquimicos [153]. Esta arvore de folha caduca tem
a capacidade de se regenerar a partir de rebentos diretamente da raiz, por isso é capaz de
rapidamente colonizar outras areas e assim tornar-se invasora [155]. Esta espécie é utilizada
na medicina tradicional Chinesa como aromatizante amargo e no tratamento de constipacdes
e doencas gastricas [153]. Estudos fitoquimicos prévios demonstraram a presenca de
quassinoides e alcaloides indolicos nesta planta, assim como, terpenoides, triterpenoides
tetraciclicos, esteroides, flavonoides, cumarinas terpeniladas, e dleos volateis [153], [156],
[157]. Foram isolados e identificados varios quassinoides citotdxicos para células do hepatoma
humano nesta espécie [158]. Também foram caracterizados os lipidos, acidos gordos, fenois e
os compostos volateis das folhas de A. altissima [153]. Extratos de A. altissima e os seus
compostos isolados apresentaram propriedades medicinais, tais como, antioxidante, anti-
malaria, antiviral, antifingica, inseticida, anti-tuberculose, anti-inflamatoria, citotoxica,
folhas desta espécie possuem elevada capacidade antioxidante, e antibacteriana em estirpes
de bactérias Gram-positivas [156]. Os extratos metandlicos de A. altissima apresentaram
atividade antibacteriana contra diferentes patogéneos alimentares e simultaneamente
propriedades antioxidantes o que indica uma potencial utilizacdo de extratos desta planta
como conservantes alimentares [159]. Por outro lado, mostrou-se que extratos desta espécie
induzem a apoptose em células cancerigenas [160] e além disso, inibem a expressdo de
citocinas inflamatérias, suprimindo a ativacao do fator kappa-B nuclear, exercendo um efeito
anti-anafilatico [161]. O potencial papeleiro desta espécie, e a sua utilizacdo como fibra

alternativa para a producéo de pasta para papel foi também avaliado [162], [163].

Figura 20: Fotografia da espécie A. altissima.

41



Capitulo 1 - Introducéao Geral

1.6. Objetivos

0 objetivo geral deste trabalho foi melhorar o conhecimento sobre as atividades biologicas de

extratos obtidos a partir de espécies vegetais presentes no Parque Natural da Serra da

Estrela, e de definir procedimentos para a sua extracao e valorizacao como produtos naturais

para uso terapéutico e/ou nutracéutico. Assim, com este trabalho pretendeu-se:

1.

Selecionar espécies que ocorrem na Serra da Estrela, e recolher as suas diversas

partes aéreas (caules, folhas, flores e frutos);

Pesquisar a presenca de compostos biologicamente ativos nas diferentes partes das

espécies recolhidas:

a.

b.

C.

d.

Preparar extratos brutos a partir das diferentes partes das plantas, usando
diferentes condicées de extracao (decoccao e extracao com o extrator de
Soxhlet) e diferentes solventes (metanol, etanol, acetona e mistura

agua/etanol);

Estudar a composicao quimica dos extratos, no que respeita a algumas classes

de metabolitos secundarios: fenois, taninos, flavonoides e alcaloides;

Avaliar a bioatividade dos extratos brutos obtidos: atividade antioxidante,

atividade anti-microbiana e atividade anti-biofilme;

Realizar testes de citotoxicidade para os extratos com melhores propriedades

biologicas.

3. Separar e identificar os compostos responsaveis pelas atividades bioldgicas:

a.

Separacdo cromatografica através do fracionamento bioguiado dos extratos
com melhores resultados, em termos de atividade biolégica (maiores
atividades antioxidante e anti-microbiana e baixa citotoxicidade), para
obtencao de fracGes ativas e/ou para separar, isolar e identificar compostos

puros;

Elucidacao estrutural do(s) composto(s) maioritario(s), isolado(s) nas fracoes
ativas, por FTIR, HRMS e NMR;

Avaliar as propriedades anti-microbianas do composto maioritario isolado e

identificado.

4. Estudar a atividade anti-microbiana e anti-biofilme de alguns compostos puros (acidos

a.

b.

galico, cafeico e clorogénico), identificados nos extratos vegetais por RP-HPLC:

Avaliar o mecanismo de acdo, responsavel pelas propriedades anti-

microbianas, por citometria de fluxo e microscopia eletronica de varrimento;

Analisar o efeito nas propriedades de adesao das bactérias ao polistireno.
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2.1. Caracterizacdo dos compostos bioativos com atividade

antioxidante de extratos de alguns arbustos portugueses
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Bioactive Compounds, RP-HPLC Analysis of Phenolics, and
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In the ecosystem of Serra Da Estrela. some plant species have the potential to be used as raw material for extraction of bioactive products.
The goal of this work was to determine the phenolic. flavonoid. tannin and alkaloid contents of the methanolic extracts of some shrubs
(Echinospartum ibericum, Pterospartum tridentatum. Juniperus communis, Ruscus aculeatus, Rubus ulmifolius. Hakea sericea. Cytisus
multiflorus, Crataegus monogyna, Erica arborea and Ipomoea acuminata), and then to correlate the phenolic compounds and flavonoids
with the antioxidant activity of each extract. The Folin-Ciocalteu’s method was used for the determination of total phenols, and tannins were
then precipitated with polyvinylpolypyrrolidone (PVPP); a colorimetric method with aluminum chloride was used for the determination
of flavonoids. and a DragendorfI’s reagent method was used for total alkaloid estimation. The 2.2-diphenyl-1-picrylhydrazyl (DPPH) and
B-carotene bleaching tests were used to assess the antioxidant activity of extracts. The identification of phenolic compounds present in
extracts was performed using RP-HPLC. A positive linear correlation between antioxidant activity index and total phenolic content of
methanolic extracts was observed. The RP-HPLC procedure showed that the most common compounds were ferulic and ellagic acids and
quercetin. Most of the studied shrubs have significant antioxidant properties that are probably due to the existence of phenolic compounds in
the extracts. It is noteworthy to emphasize that for Echinospartum ibericum, Hakea sericea and Ipomoea acuminata, to the best of our
knowledge. no phytochemical studies have been undertaken nor their use in traditional medicine been described.

Keywords: Phenolic compounds, flavonoids, antioxidant activity, vegetal extracts, RP-HPLC.

The Portuguese forest area occupies around 3.3 million
hectares, which represents about 38% of the territory. The
Serra Da Estrela Mountain supports a rich plant cover
constituting the crown of Portugal's interior ecological
network. In this ecosystem grow numerous species of trees
and shrubs. Examples of shrubs that grow spontaneously in
Portuguese forests in general and in this region in
particular are FEchinospartum ibericum Rivas Mart.,
Sanchez-Mata & Sancho, Pterospartum tridentatum (L.)
Willk subsp. cantabricum Spach. Juniperus communis L.
subsp. alpina (Suter) Celak., Ruscus aculeatus L., Rubus
ulmifolius  Schott, HHakea sericea Schrader, Cytisus
multiflorus (L'Hér) Sweet, Crataegus monogyna Jacq.,
Erica arborea L., and Ipomoea acuminata (Vahl) Roemer
& Schultes (/. indica Burm.).

The genus Echinospartum (Spach) Fourr. (family
Fabaceae), mostly endemic to the Iberian Peninsula. is
composed of both silicicolous and calcicolous taxa,
growing in mountain areas usually above 1000 meters
above sea level [1]. The authors are not aware of any
known application of these species in folk medicine.

Pterospartum  tridentatum  (Fabaceae;  subfamily
Papilionoideac) grows spontancously in Portugal. where it

is known as Carqueja or Carqueija. The flowers are used in
traditional medicine for the treatment of throat irritation
conditions and in herbal mixtures for diabetes [2]. No
phytochemical, pharmacological and toxicological studies
have been reported for this species. but alkaloids and
isoflavonoids are characteristic secondary metabolites of
Fabaceae species [2].

Juniperus communis or common juniper is a coniferous
shrub distributed throughout the Arctic and temperate zone
of the northern hemisphere. Its dried bluish-black cones,
known as “juniper berries”, are said to stimulate the
appetite and are used as a flavoring agent for culinary
purposes and in the preparation of gin spirits [3]. They
have also been used for various medicinal purposes.,
including as an abortifacient, contraceptive, diuretic, and
as a remedy for urinary tract infections, chest complaints,
diabetes. rheumatism and backache. More interestingly,
juniper has been reported as a traditional cure for chest
troubles such as bronchitis and for tuberculosis [3].

An alcoholic infusion of the rhizomes of Ruscus aculeatus
has been used for the treatment of some veinous ailments
for decades [4].
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Leaves and young shoots of Rubus ulmifolius are used in
folk medicine for their anti-inflammatory. anti-odontalgic
and gastrointestinal spasmolytic properties: crushed young
shoots are applied to wounds, infected insect bites and
pimples [5].

A key characteristic of Hakea sericea is its extreme
serotinous habit: all of its seeds are retained in pairs in
tough woody follicles. which accumulate along the
branches throughout the life of the plant [6]. As far as we
know, neither medicinal uses nor phytochemical studies
are described to this shrub.

Cytisus spp. is used as a diuretic, hypnotic. sedative. anti-
diabetic and also as a hepatoprotective [7].

Crataegus monogyna has been used as a folk medicine due
its sedative actions, protective effects against arrhythmias
and increase of coronary vessel flow [8]. Previous
chemical studies on C. monogyna resulted in isolation of
know flavonoids and phenolic acids [8].

Erica multiflora is used to treat hyperlipidaemia, and in
folk medicine as a diuretic and antiseptic agent [9]. The
phytochemical study of this plant showed that tannins,
proanthocyanidols and flavonoids represent major
compounds of its flowers [9].

Ipomoea species accumulate high levels of anthocyanin
pigments in the storage root [10]. To the best of our
knowledge. no medical applications are described for this
plant.

Several constituents of plant extracts have been shown to
have antioxidant activity, such as ascorbic acid,
tocopherol, B-carotene, flavonoids, tannins, phenolics, and
anthocyanins [11]. Oxidation is essential to many
organisms for the production of energy to fuel biological
processes. However, reactive oxygen species (ROS) are
often over-produced under pathological conditions,
resulting in oxidative stress. An over-production of various
forms of activated oxygen species, such as free-radical and
non-free-radical species is involved in the onset of many
diseases such as cancer, cardiovascular diseases,
rheumatoid arthritis, and atherosclerosis, as well as in
degenerative processes associated with aging [11]. In order
to reduce damage to the human body, synthetic
antioxidants are used in industrial processing. However,
the presence of unwanted side effects is almost
unavoidable, and some have been suspected of being
responsible for liver damage and carcinogenesis [11].
Thus. it is essential to develop antioxidants that can protect
the human body from free radicals and retard the progress
of many chronic diseases.

No single chemical component is responsible for the
medicinal properties of plant-based drugs, and their
synergic action or bioenhancement is due to the presence
of several chemical substances in the plant material.

Luis et al.

Therefore, the determination of the total amount of
different classes of components is essential for the
standardization of the plants [12].

The purpose of this work was to determine the phenolic,
flavonoid, tannin and total alkaloid contents of the
methanolic extracts of the species above mentioned, and
then to correlate phenolic compounds and flavonoids with
antioxidant activity of corresponding extracts. The Folin-
Ciocalteu’s method was used for the determination of total
phenols, and tannins were then precipitated with
polyvinylpolypyrrolidone (PVPP); a colorimetric method
with aluminum chloride was used for the determination of
total flavonoids. and a Dragendorff’s reagent method was
used for alkaloid estimation. A  2.2-diphenyl-1-
picrylhydrazyl (DPPH) method and a f-carotene bleaching
test were used to assess the antioxidant activity of extracts.
The identification of phenolic compounds present in
extracts was performed using a RP-HPLC technique.

From the results presented in Table 1 it can be verified that
fruits of Juniperus communis had a higher extraction yield
than the other shrubs. By contrast, the extract of fruits of
Hakea sericea produced the lowest extraction yield. The
extraction yields obtained in the present study are very
similar to those reported for some medicinal plants
reported in the literature [13].

Medicinal plants are commonly rich in phenolic
compounds, such as flavonoids, phenolic acids, stilbenes,
tannins, coumarins. lignans and lignins. They have
multiple biological properties including antioxidant
activity. The antioxidant activity of phenolic acids and
flavonoids is due to their redox properties, ability to
chelate metals and quenching of singlet oxygen [14]. In
this sense, it is reasonable to determine the amount of
phenolic compounds in the extracts of these plants.

The quantitative determination of phenolic compounds
using Folin-Ciocalteu’s method is a widespread assay.
[15]. As can be observed in Table 2, in general. the
extracts from stems and leaves have the highest amount of
phenolic compounds. The extract of stems of Crataegus
monogyna is the one that had the greatest concentration of
total phenols. This result is similar to those obtained by
other researchers [16]. Barros et al. studied the
composition and bioactivity of Crataegus monogyna and
concluded that phenolics were the major antioxidant
components present in this shrub [17]. lpomoea acuminata
and Ruscus aculeatus are species that are poor in these
compounds. Many studies indicate that the roots of sweet
potato (Ipomoea batatas) are a source of bioactive
compounds [18]. In previous studies by our group, we
concluded that the ethanolic extract of Cytisus spp. had
more phenolics than that of the aqueous extract [19].
Methanolic extracts of the different parts of Cytisus
multiflorus have significant amounts of total phenols.
Pterospartum  tridentatum and Erica arborea are
also species rich in these compounds. Fruits of Rubus
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Table 1: Extraction yiclds of methanolic extracts.

Species Plant part Extraction vield (%) *
Echinospartum ibericum Stems and Leaves 20T
Flowers 19.7+0.4
Prerospartum Stems and Leaves 26.1 1.7
tridentatum Flowers 251+ 1.4
Stems 156+2.1
Juniperus communis Leaves 314+£20
Fruits 457+48
Ruscus aculeatus Stems and Leaves 18.3+3.5
Stems 99+10
st Leaves 23.8+5.6
Rubus ulmifolius R 226407
Fruits 27:5£2.1
5 Stems 11.0£0.1
L Leaves 164+24
Fruits 32+0.1
Stems 10.1+0.6

¢ +

R e
Fruits 250+1.1
Stems 1313
Crataegus monogyna Leaves 234! +3.1
Flowers 23.5+9.9
Fruits 102£15
Stems 129+ 0.1
Erica arborea Leaves 295+138
Flowers 38.6+0.7
Stems 93 L1
Ipomoea acuminata Leaves 120+03
Flowers 144+54

* Results in terms of mean + standard deviation

ulmifolius are the part of this shrub that has less phenolic
compounds, in contrast with stems, leaves and flowers.
Other studies [20] demonstrated that this shrub had a lower
concentration of phenols that the one now estimated. There
are no literature data for Echinospartum ibericum and
Halkea sericea phenol contents, but in this work they were
shown to be rich in these compounds. Oztiirk et al.
conducted an exhaustive study of several species of
Turkish juniper, and concluded that Juniperus communis is
rich in bioactive compounds, and that methanol is one of
the best solvents for their extraction [21]. Regarding the
determination of tannins (Table 2), it can be concluded that
the composition varies in the different extracts (it was not
possible to observe a trend). Significant differences were
also found in the tannin content among different parts of
the same shrub, which is in agreement with the behavior
described for tannins in plants.

Flavonoids are polyphenolic compounds that occur
ubiquitously in plants and structurally have variations in
one of the aromatic rings that characterize the different
types. namely, flavonols, flavones, isoflavones,
flavonones, flavanol and anthocyanins [14,22]. Flavonoids
could act as antioxidants because they can readily donate
an electron or a hydrogen atom to a peroxyl or alkoxy
radical to terminate a lipid peroxidation chain reaction or
to regenerate a phenolic/flavonoid compound. which can
effectively chelate a pro-oxidant transition metal [22]. The
process used in quantitative methods for flavonoid
determination is performed by precipitating them with
aluminum chloride in an alkalinized medium. This
precipitate acquires a color and. therefore, lends itself to
the colorimetric assay. The flavonoids in the presence of
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aluminum chloride have an intense yellow fluorescence
when observed under filtered UV light [23]. As can be
seen in Figure 1, extracts from flowers and fruits generally
have more flavonoids than the extracts of stems and leaves
of the same shrub species. However, [pomoea acuminata
had the highest flavonoids content of the tested species,
especially the extract of leaves. The results obtained for
the studied species are very similar to those of our
previous studies for other Portuguese shrubs [19]. Andrade
et al., have studied the bioactivity of Cistus ladanifer and
Arbutus unedo extracts, and the flavonoids contents were
very similar to those presented here [24]. In the present
study, Erica arborea, Cytisus multiflorus, Rubus ulmifolius
and Pterospartum tridentatum are noted for being species
with large concentrations of flavonoids. There are no
previous studies in the literature about Hakea sericea and
Echinospartum ibericum on the characterization of
flavonoids: however, large amounts of these compounds
were detected in all these species. Previous research on
flavonoids of various species of juniper showed that this
shrub could be a source of these biologically active
compounds [25]. The results now obtained showed that the
leaves of this species are the richest part of the plant in
these compounds. Methanol was shown to be a good
solvent for flavonoids, as its high polarity favors the
extraction of compounds with aromatic rings possessing
hydroxy! groups.

Alkaloids are responsible for the therapeutic effect of
many plant materials, but several alkaloids are toxic. Over
200 alkaloids have been identified in 300 plant species of
up to 13 families. It has been estimated that up to 3% of
the world’s flowering plants contain toxic alkaloids [26].
The alkaloids were precipitated as Bil;(Alk-HI) by
Dragendorff’s reagent (KBil;). Bismuth forms a yellow
bismuth complex {Bi|CS(NH»);]}(NO;); in nitric acid
medium with thiourca. The bismuth from the alkaloidal
complex is completely released by disodium sulfide [12].

Looking at Figure 1 it could be noted that all studied
extracts have significant amounts of alkaloids. Cyfisus
multiflorus is the richest species in these compounds,
specially the extracts of the stems. This species is known
to possess alkaloids. namely spartein, with anti-arrhythmic
properties [7]. The extract of leaves of Jpomoea acuminata
also has a high concentration of alkaloids. By contrast,
Juniperus communis is the poorest species in alkaloids.
The extract of the leaves of that shrub is the one that has
the smallest concentration of alkaloids.

One problem in assessing antioxidant activity is that this
activity is variable and depends on the method used. It is
known that an antioxidant mechanism in various biological
matrices is very complex and several factors may intervene
[27]. Given this complexity, only one method to determine
theantioxidantactivity of the extracts is not sufficient to draw
relevant conclusions, and thus, we have applied two different
methods and determined diverse antioxidant properties.
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Table 2: Total phenolic compounds and tannin contents of methanolic
extracts.

Tolal phecsiolic Tannin content

Species Plant part compounds (mg GAE / gdry
(mg GAE /¢ matter)
dry matter) *
Echinospartum Sm::d LA 263
Hecicim Flowers 719408 ND
Prerospartum Stems and 113615 134
tridentatum Leaves r

Flowers 1714+ 0.7 55.3

Fiinigersis Stems 2213£25 793

5 Leaves 1556 +3.2 60.4

itose? Fruits 47£26 ND

Stems and

Ruscus aculeatus Loaves 329+03 N/D
Stems 186.8+3.8 0.5

s Leaves 167.6 £6.1 219
sbus b olics Flowers 2914404 1327
Fruits 545+ 0.6 6.8

Hakeasericea Stems 267.6+59 748
Leaves 217.0+2.7 103.5

Fruits 110.1£2.7 ND

Stems 1424 +£2.0 11.1

nigs . Leaves 176.1+3.6 615
Oyimismmilifisrys Flowers 1204 0.9 211
Fruits 155.1+£56 206
Stems 3774 +45 134.0

Crataegus Leaves 225525 81.1
monogyna Flowers 186.2£2.7 86.5
Fruits 553+27 ND
Stems 2702+ 43 1338

Erica arborea Leaves 2602+1.9 925
Flowers 178.1 0.2 83.0

Stems 23:5E51 ND

Ipomoea acuminata Leaves 322+ 1.3 N/D
Flowers 843+ 1.7 N/D

* Results in terms of mean + standard deviation: N/D — Not detected.

Results for the DPPH radical scavenging assay are
reported as ICs,, values, which are defined as the amount
of antioxidant required to inhibit 50% of DPPH free
radicals under the experimental conditions [28]. Table 3
shows that Echinospartum ibericum, Ruscus aculeatus and
Ipomoea acuminata had the poorest antioxidant activity in
this assay. whereas that of stems of Crataegus monogyna
had both the greatest concentration of total phenols and,
simultancously, the greatest antioxidant activity. In
contrast. C. monogyna fruits had only moderate
antioxidant activity. Other researchers demonstrated that
the ethanolic extract of berries of C. monogyna possessed
DPPH free-radical-scavenging activity [29]. All Erica
arborea and Hakea sericea extracts had very strong
antioxidant activity. As far as we know. no medicinal uses
are described for this latter shrub and no previous
phytochemical studies have been carried out on it, but it is
rich in phenols with antioxidant activity. The results
obtained for the parameters of antioxidant activity for the
standard compounds are very similar to those determined
by the same method by Faustino et al., and Scherer and
Godoy [30.31].

The B-carotene/linoleic acid bleaching assay is one of the
antioxidant assays suitable for plant samples [28.32]. All
the shrub extracts tested presented some degree of
antioxidant properties when compared with the synthetic
antioxidant BHT. The extracts of Echinospartum ibericum
(Figure 2) showed a high degree of inhibition of lipid
oxidation (linoleic acid) and sequestration of radicals

Luis et al.

resulting from its possible oxidation, when compared with
the extracts of Pterospartum tridentatum and Hakea
sericea (Figure 2).

In contrast with the results of the DPPH scavenging assay.
the extracts of Echinospartum ibericum had no significant
ability to sequester free radicals such as DPPH, but
displayed a high degree of inhibition of lipid oxidation,
which may predict a potential use as a food antioxidant.
The extract of Pterospartum tridentatum flowers showed
the weakest inhibition of lipid oxidation. Rubus ulmifolius
(Figure 3) showed the highest antioxidant potential
measured by this method. By contrast. Jpomoea acuminata
(Figure 3) had no capacity to promote inhibition of lipid
oxidation. Stems of Juniperus communis (Figure 4) is the
part of this shrub that provided higher percentages of
inhibition, and the extracts of leaves and fruits presented
antioxidant activity similar to that of the extract of Ruscus
aculeatus (Figure 4).

Other studies [21] undertaken with juniper species allow
us to conclude that in the B-carotene-linoleic acid assay,
oxidation of linoleic acid was effectively inhibited by
methanol extracts of various species of Juniperus, which is
in agreement with the results now obtained. Erica arborea,
Cytisus  multiflorus and Crataegus monogyna were
grouped in the same graph (Figure 5) because they have
very similar antioxidant activity. It should be noted the
extract of flowers of Cytisus multiflorus (Figure 5)
presented percentages of inhibition slightly higher than
those of the other extracts.

According to Figure 6. there was a positive linear
correlation between antioxidant activity index and total
phenolic content of methanolic extracts (R*=0.8442).
These results indicate that the phenolic compounds could
be the main contributor to the antioxidant properties of
these shrubs. This result is in agreement with several
previous studies [19,33]. For example Fu ef al. studied the
antioxidant activity and phenolic compounds of 56 wild
fruits from South China and found that the results showed
a positive linear correlation between the antioxidant
capacities and total phenolic content (R*>0.86) [33]. The
same analysis was conducted for the flavonoids (Figure 6)
and it was verified that there was no correlation
(R2=0.0083) between these compounds and the antioxidant
activity of the extracts. It is known that only flavonoids of
a certain structure and particular hydroxyl position in the
molecule determine the antioxidant properties: in general
these properties depend on the ability to donate either
hydrogen or an electron to a free radical [34].

RP-HPLC analysis was employed to identify major
phenolic compounds in the methanolic shrub extracts.
Satisfactory separation with good resolution could be
achieved with the method now used. Such data will
be helpful to compare the antioxidant activities with the
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Figure 1: Concentration of flavonoids and alkaloids in studied extracts (* Results in terms of mean + standard deviation).

—#— stems and leaves E. ibericum
—t— flowers E. ibericum == stems and leaves P tridentatum
= -flowers P tridentatum ~—®—stems H. sericea

=@~ leaves H. sericea e fruits H. sericea

Figure 2: Antioxidant activity of the extracts of Echinospartum ibericum.
Pterospartum tridentatum and Hakea sericea measured by [-carotene
bleaching test.

phenolic compounds of the different studied shrubs and
will be also useful to understand their chemical
constituents and functionality. RP-HPLC analysis is the
most used method to identify plant phenolics. Because of
the diversity and complexity of natural phenolic
compounds in hundreds of medicinal plant extracts, it is
rather difficult to characterize every compound and
elucidate its structure. It is not difficult, however, to
identify major categories of phenolic compounds and
representative  phenolics. In the present study. we
identified representative phenolic compounds from
selected plants. A total of nine phenolic compounds were
identified and quantified in the methanolic extracts of the
shrubs (Table 4), including hydroxybenzoic acids,
hydroxycinnamic acids and flavonoids. The total amount

500 700 200 900

—e—BHT ~#—stems R ulmifolius =—d—Ilcaves R ulmifolius
—#— flowers R. ulmifolius —# - fruits R ulmifolius

~®= leaves [_acuminata ———flowers I acuminata

~®—stems [ acuminata

Flgure X Anllovddnt activity of the extracts of Rubus ulmifolius and
ac d by p-ca bleaching test.

Ip

of phenolic compounds in all the extracts was 1380.8 mg/g
of dry matter. Gallic acid is one of the most important
hydroxybenzoic acids, but, surprisingly. in the extracts
now analyzed, it was present in low amounts (1.26%).
However, the hydroxycinnamic acids identified (caffeic
acid, chlorogenic acid, p-coumaric acid, ferulic acid) were
abundantly present. Ferulic acid was the most dominant
hydroxycinnamic acid, taking a percentage of occurrences
of 29.0 %. These results concerning phenolic acids are in
agreement with previously published data for other
biological samples [35]. Ellagic acid and quercetin are also
present in large amounts, with percentages of occurrence
of 17.9% and 13.7%, respectively. Vanillic acid is the
phenolic compound that is present in greater quantity in
the extract of the stems and leaves of Pterospartum
tridentatum, having a concentration of 32.2 mg/g of dry
matter, corresponding to a percentage of 27.6 %. Juniperus

51



Capitulo 2 - Publicacées

1868 Natural Product Communications Vol. 6 (12) 2011

0 100 200 300 400 500 600 700 800 9500 1000

=—=—=BHT ~#- stems and leaves R aculeatus

—d—stems ] communis ~——leaves J. communis

w +fruits ] communis

Figure 4: Antioxidant activity of the extracts of Ruscus aculeatus and

Juniperus communis measured by B-carotene bleaching test.
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Table 3: Antioxidant propertics of methanolic extracts studied and standard
compounds.

Antioxidant Activity Index (AAD)

0 50 100 150 200 250 300 350 400

@ Total phenolics (mg GAE/dry mass)  + Flavonoids (mg QE / g dry mass)

Figure 6: Correlation between antioxidant activity and total phenolics and
flavonoids of extracts.

communis, Ruscus aculeatus, Hakea sericea and Ipomoea
acuminata are species relatively poor in phenolic
compounds. A total of 34.5% of the analyzed phenols of
the extract of Rubus ulmifolius leaves correspond to ferulic
acid, with a concentration of 18.5 mg/g dry matter. In the
extract of fruits of the same species, chlorogenic acid is the
predominant compound. Cyfisus multiflorus is rich in
ferulic acid and ellagic acid, especially its leaves, flowers
and fruits. The extract of stems of Erica arborea presents a
large amount of ferulic acid, while the extracts of flowers

Sstl:l:c(ll:sril Plant part 1Cs (mg/L) * AAL* A'X:‘::':::m
Echinospartum S and 16274138 034002 Poor
Ibericum Flowers 1253+ 12.4 0.3 £0.02 Poor
Prerospartum Feag 97+119 072006 Moderate
SR Flowers 26.1% 1.3 1.7 £006 Strong
Tieriss Stems 124+03 34007 Very Strong
A Leaves 168+ 0.6 24007 Very Strong
COMIARES Fruits 81169 06£0.05 Moderate
Ruscus Stems and
R Liies 1719+ 21.1 03£0.03 Poor
Stems 147+12 27402 Very Strong
Rubus Leaves 173+ 1.2 25+04 Very Strong
ulmifolius Flowers 11.0£05 32402 Very Strong
Fruits 788+59 0.7 +0.04 Moderate
- Stems 9.5+0.1 3.7£0.03 Very Strong
L Leaves 134404 26+0.06 Very Strong
Fruits 28318 12+£007 Strong
Stems 64.9+3.2 0.8+0.05 Moderate
Cytisus Leaves 35014 144005 Strong
multiflorus Flowers 71.5+8.8 0.7 +0.09 Moderate
Fruits 77.0+ 8.6 0.7 £0.07 Moderate
Stems 85+0.2 5340.1 Very Strong
Crataegus Leaves 165+03 27+£0.05 Very Strong
monogyna Flowers 13.6+0.2 33£0.05 Very Strong
Fruits 86.5+12.5 0.6 £0.06 Moderate
Stems 146+ 1.5 3.1+£03 Very Strong
Erica arborea Leaves 10.9+0.1 3.1+0.04 Very Strong
Flowers 16.1+0.7 2.1+0.1 Very Strong
omioed Stems 713460 0.7£0.06 Moderate
S iits Leaves 204.1+12.8 03009 Poor
Flowers 574+14 0.9+0.03 Moderate
Rutin = 10.7+ 0.4 49+02 Very Strong
Quercetin - 4304 122417 Very Strong
Trolox — 84401 6.6+0.1 Very Strong
Gallic Acid — 224002 228403 Very Strong

* Results in terms of mean + standard deviation

are rich in ellagic acid. The extract of Crataegus
monogyna flowers has the greatest concentration of ferulic
acid (116.8 mg/g. dry matter). which corresponds to a
percentage of 75.7%. relatively to the total phenolics
quantified in this extract.

Experimental

Plant material: Acrial parts (stems, leaves, flowers and
fruits) of Echinospartum  ibericum.  Pterospartum
tridentatum. Juniperus communis. Ruscus aculeatus,
Rubus ulmifolius, Hakea sericea, Cytisus multiflorus,
Crataegus monogyna, FErica arborea and Ipomoea
acuminata were collected in Serra Da Estrela. Table 5
shows the GPS coordinates and altitude at which the
different shrubs were collected. Plant materials were dried
at 35°C in a ventilated oven during 48 h and reduced to
coarse powder (< 2 mm) using a laboratory cutting mill.
Harvesting, transport and storage of plant species were
authorized by Instituto da Conservag¢do da Natureza e da
Biodiversidade. All vegetal species were identified by a
botanist and a voucher specimen of all species used has
been deposited in the Herbarium of the /nstituto Superior
de Agronomia (Jardim Botdnico d’Ajuda, Lisboa). Table 5
lists the full scientific name of the vegetal species and the
number of the voucher specimens.

Extraction process: Methanolic extracts were obtained
using a Soxhlet apparatus until the solvent became
colorless, using approximately 100 g of raw material and 1
L of solvent. The extracts were filtered under vacuum
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using a crucible of porosity #2 then distilled under vacuum
to remove the solvents to a final volume of 100 mL. Then,
5 mL of each extract was diluted in 45 mL of methanol.
Aliquots (5 mL) of the extracts were removed for
subsequent evaporation to dryness for the calculation of
extraction yield and extract concentration.

Determination of total phenolic compounds: The phenols
were determined by Folin-Ciocalteu’s colorimetric
method. The methanolic solutions of each extract (50 pL)
or gallic acid (standard phenolic compound) were mixed
with 450 pL of distilled water, and then 2.5 mL of Folin-
Ciocalteu’s reagent 0.2 N (diluted with distilled water) was
added. The mixtures were allowed to stand for 5 mins, and
then 2 mL of aqueous Na,COs (75 g/L) was added. After
incubation of these reaction mixtures (90 mins / 30°C). the
total phenols were determined by colorimetry at 765 nm.
The standard curve was prepared using 500, 400, 350, 325,
300, 250, 225, 200, 150, 125, 100 and 50 mg/L solutions
of gallic acid in methanol (y=0.0009x; R*=0.9875). Total
phenol values were expressed as gallic acid equivalents
(mg GAE / g of dry mass) [36.37]. The assays were
conducted in triplicate.

Tannin content: Tannins were measured as the difference
in total phenolics (measured by Folin—-Ciocalteu’s reagent)
before and  after  treatment  with  insoluble
polyvinylpolypyrrolidone (PVPP), as this polymer binds
strongly to tannins [38]. About 1 mL of each methanolic
extract was added to 1 mL of an aqueous solution of PVPP
(70 mg/mL). After vigorous shaking. the samples remained
for 15 mins at 4°C, to develop the tannin-PVPP complex
[39.40]. Then the samples were centrifuged for 10 mins at
3000 rpm; the tannins were found in the residue and the
free phenols/non-adsorbed phenolics in the supernatant.
Total phenols in the supernatant were determined by the
Folin-Ciocalteu colorimetric method, as described above,
and the concentration of tannins was calculated as the
difference between the total phenols and free phenols. and
is expressed in their respective units [39.40]. These
determinations were made in triplicate.

Flavonoids determination: The aluminum chloride
colorimetric method was used for flavonoids determination
according to Pourmorad ef al. [37]. Each methanol extract
(500 pL) was separately mixed with 1.5 mL of methanol.
0.1 mL 10 % aluminum chloride, 0.1 mL of 1 M potassium
acetate. and 2.8 mL of distilled water. This solution
remained at room temperature for 30 mins; the absorbance
of the reaction mixture was measured at 415 nm using a
spectrophotometer. The calibration curve was constructed
by preparing 8 quercetin solutions at concentrations
ranging from 12.5 to 200 pg/mL in methanol (y=0.0074x:
R’=0.9980). Total flavonoid values were expressed as
quercetin equivalents (mg QE / g of dry mass) [36]. These
determinations were made in duplicate.

Alkaloid  estimation: The alkaloid estimation was
performed by a spectrophotometric method. as described
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by Sreevidya and Mehotra [12]. Briefly, 10 mL of each
crude extract was centrifuged for 10 mins (3000 rpm) to
remove residual suspended particles and then 5 mL of the
supernatant was mixed with 1 mL of HCIL, 0.1 N. Then, 2.5
mL of Dragendorff’s reagent was added to the previous
mixture, for precipitation and the precipitate was
centrifuged for 5 mins (3000 rpm). This precipitate was
further washed with 2.5 mL of ethanol. The filtrate was
discarded and the residue was then treated with 2.5 mL of
disodium sulfide solution (1%. w/v). The brownish black
precipitate formed was then centrifuged (5 mins, 3000
rpm). This residue was dissolved in 2 mL of concentrated
nitric acid, with warming, if necessary: this solution was
diluted to 10 mL in a standard flask with distilled water
and 1 mL was then pipetted out and mixed with 5 mL of
thiourea solution (3%, w/v). The absorbance of this
solution was measured at 435 nm against a blank
containing 1 mL of concentrated nitric acid and 2.5 mL of
thiourea solution (3%. w/v). The standard curve was
prepared using 750, 500, 400, 250, 200, 150 and 100 mg/L
solutions of pilocarpine nitrate in HCIL, 0.IN (y=0.0013x-
0.2750: R?=0.9957). Alkaloid contents were expressed as
pilocarpine nitrate equivalents (mg PNE / g of dry mass)
[12]. These tests were performed in duplicate.

Evaluation of antioxidant activity

DPPH scavenging assay: The antioxidant activity of the
extracts and standards was determined by the radical
scavenging activity method using the 2.2-diphenyl-1-
picrylhydrazyl (DPPH) radical [31]. Briefly, 0.1 mL
aliquots of methanolic solutions of the extracts or
standards at different concentrations were added to 3.9 mL
of a DPPH methanolic solution. Three DPPH solutions
were tested, 0.2000, 0.1242 and 0.0800 mM that were
prepared by dissolving 39.4, 24.5 and 15.8 mg in 500 mL
of methanol, respectively. These concentrations were
selected due to the linearity range of DPPH solutions:
above 0.2 mM the concentration is very high, and below
0.5 mM the color is very weak having a limited range of
absorbance reading. The control sample consisted of a
solution of 0.1 mL of methanol mixed with 3.9 mL of
DPPH. After a 90 mins incubation period at room
temperature in the dark, the absorbance was measured at
517 nm. The radical scavenging activity was calculated as
follows: I % = [(Abs, - Abs;) / Absy] x 100, where Abs,
was the absorbance of the control and Abs, was the
absorbance in the presence of the test sample at different
concentrations. The ICs, was calculated graphically using a
calibration curve in the linear range by plotting the extract
concentration vs. the corresponding scavenging effect. The
antioxidant activity was expressed as the antioxidant
activity index (AAI), calculated as follows: AAI = (final
concentration of DPPH in the control sample - pg.mL™) /
(ICs - ug.mL") [31]. Thus, the AAI was calculated
considering the mass of DPPH and the mass of the tested
sample in the reaction, resulting in a constant for each
sample, independent of the concentration of DPPH and
sample used. In this work. it was considered that shrub
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Table 4: Phenolic content of extracts determined by RP-HPLC.

Luis et al.

Standard Phenolic Compounds (mg/g dry matter)*

Species Plant part Gallic Acid Vanillic Acid Caffeic Acid
Echinospartum S‘f;‘j ‘c';‘d 194007 ND ND
thericans Flowers ND 50£10 38406
Prerospartum Stenw and N/D 322426 182£3.0
tridentatum Leaves
Flowers N/D 4209 3103
Stems N/D N/D N/D
Juniperus communis Leaves N/D N/D L1£0.0
Fruits N/D N/D N/D
Stems and
Ruscus aculeatus e N/D N/D ND
Stems 18+0.3 25+0.1 N/D
Rubus ulmifoli Leaves 70£04 114002 21£02
ubus ulmifolius Flowers 33203 3305 46402
Fruits N/D 14202 0.8%0.09
Stems N/D N/D N/D
Hakea serice Leaves ND 124008 12401
Fruits 12+0.2 0.7+0.07 1.1£02
Stems N/D 1206 1.0+02
Cytisus multi S Leaves 1.6 +0.02 2306 2001
Ytisus multiflorus Hiws ND N/D ND
Fruits N/D 43£06 2002
Stems N/D 82405 77410
Leaves N/D 189+24 49+09
Cratacgus monogyna — pyo.yers 06+0.1 97415 44503
Fruits N/D 0.5+0.05 N/D
Stems N/D 134005 36%06
Erica arborea Leaves N/D 15.1£0.7 3.9+03
Flowers N/D 64%0.1 23£0.05
Stems N/D 2201 N/D
Ipomoca acuminata Leaves ND 14202 N/D
Flowers N/D 4802 N/D

Chlorogenic Syringic p-Coumaric Ny Ao :
‘Acid “Acid Acid Ferulic Acid Ellagic Acid Quercetin
81+£16 159+02 54202 238+32 62+18 253+0.1
85404 16331 58+04 13539 40.1£2.6 22x07
17.8+0.6 83+08 168+32 7408 9.7+18 6.6=03
N/D 19404 N/D 222+06 104£04 93407
22408 N/D 21+04 20007 29402 6.7+0.1
ND ND 28%06 37+03 127£03 9807
N/D N/D 1.0+ 0.04 09402 1.8+0.1 N/D
N/D ND 3.0£0.08 N/D ND 41204
82+09 3.6+02 3501 13.1£08 13008 N/D
42+£08 36+05 4109 185£06 4905 82+05
6.7+03 4.7+0.2 7.6%0.5 7.0+0.2 15609 333+22
6.1+£02 09+03 1.2+0.08 3602 0.7+ 0.09 1301
N/D N/D 2.1+£06 113+ 1.1 35+06 N/D
19402 28+04 38+04 21.5+£09 26+006 6.0£05
N/D 07001 1.7£0.07 1.9+£0.2 3.7£06 1.6 0,03
3401 27402 69%08 18+0.2 9203 37.1£26
324002 1.0£0.08 38+08 57+£08 16.1+2.0 79+19
N/D 0.7£0.04 13£03 130+ 1.6 54+04 3505
22404 29+0.2 42+03 25442 160+ 1.0 3.0+0.08
205+ 14 44£06 51£07 172£15 94+10 N/D
103+ 1.2 20+03 5306 1.0+ 1.6 7411 1.7+0.2
1.5+03 1.8£02 1.3 +0.06 1168+ 84 84£12 9805
3.0+03 N/D 0.6+0.1 33+04 1.2+0.1 0.6+003
08+0.1 44404 31202 77+£09 5108 12+£03
175+ 18 16310 7.5+ 0.6 256= 1.5 93+19 N/D
1.7+03 2504 3503 60+03 23409 N/D
N/D N/D N/D 2402 N/D N/D
N/D ND 1.0%0.1 10£0.1 ND 9804
N/D N/D 2.6+04 128+ 1.7 20.5+2.3 N/D

* Results in terms of mean + standard deviation; N/D — Not detected

Table 5: GPS coordinates and altitude at which the different shrubs were
collected and number of the vouchers specimens.

_— GPS Altitude Number of Voucher
Full Scientific Name Cebidite (m) s
Echinospartum
ibericum Rivas Mart., N 40°19.046°
Sinchez-Mata & WO07%34.365° Hit BRI
Sancho
Prerospartum
tridentatum (L.) Willk N 40°18.825"
subsp. cantabricum W 0733.630° 1541 LISL9/2011
Spach
Juniperus communis L. A
subsp. alpina (Suter) (07 104 1606 LIS 102011
N 40°19.105°
Ruscus aculeatus 1. W07°26.791° 567 LISI 11/2011
Rubus ulmifolius N 40°19.167°
Schott WO0T27.047° 4 LR
N N 40°20.296" -
Hakea sericea Schrader W 0727 491° 730 LIS 13/2011
Cytisus multiflorus N 40°18.668"
(L'Hér) Swett W0727.076° il IR
Crataegus monogyna N 40°18.668° ,
Jacg. W 0727.076° 504 LISI 15/2011
N40°19.046"
Erica arborea L. W 07°34.365° 1606 LISI 16/2011
Ipomoea acuminata > %
N40°16.719
(Vahl) Roemer & W 0730, 744" 649 LISI 182011

extracts showed poor antioxidant activity when AAI < 0.5,
moderate antioxidant activity between 0.5 and 1.0, strong
antioxidant activity between 1.0 and 2.0, and very strong
when AAI > 2.0 [31]. Assays were carried out in duplicate
and all DPPH solutions were prepared daily.

p-Carotene bleaching test: After preparation of f-carotene
solution (20 mg/mL in chloroform). 20 puL was added to 40
uL of linoleic acid. 400 mg of Tween 40 and 1 mL of
chloroform. This mixture was then evaporated at 45°C for

5 mins in a rotary vacuum evaporator to remove
chloroform and immediately diluted with 100 mL of
oxygenated distilled water. The water was added slowly to
the mixture and vigorously agitated to form an emulsion.
Five mL of the emulsion was transferred into test tubes
containing 300 pL of extracts in methanol at different
concentrations. About 5 mL of the emulsion and 300 pL of
samples in methanol were used as control. Standard
butylated hydroxytoluene (BHT) in methanol, at the same
concentration as samples, was used as reference. The tubes
were then gently shaken and placed at 50°C in a water bath
for 2 h. The absorbances of the extracts, standard and
control were measured at 470 nm, wusing a
spectrophotometer, against a blank consisting of an
emulsion without f-carotene. The measurements were
carried out at initial time (t=0 h) and at final time (=2 h).
The antioxidant activity was measured in terms of
percentage of inhibition of B-carotene’s oxidation by:

% Inhibilioll:(Abstsmnplc = AbSI:200|1lrol) / ( AbSFUmmml &
Abslzzconlml)

Where Abs'? was the absorbance of the sample or control
at final time of incubation and Abs'"™ was the absorbance
in the control at initial time of incubation [19].

RP-HPLC analysis of phenolics: Chromatographic
analysis was performed with the use of a liquid
chromatographic system. which consisted of a Perkin
Elmer Binary LC Pump 250, Perkin Elmer UV-visible
Spectrophotometric Detector LC 290 and Perkin Elmer LC
Oven 101 with a loop of 50 pL. The chromatographic
system was connected through the Data Apex U-PAD2
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USB Acquisition Device to a PC computer. Software used
for data acquisition and evaluation was Clarity Lite Data
Apex. The separation was carried out on a 150x4.60 mm,
Phenomenex Kinetex Luna 2.6y PFP 100A reversed phase
column equipped with a Phenomenex KrudKatcher Ultra
HPLC In-Line Filter with 0.5 pm porosity. Standard
solutions were filtered through a 0.22 pm pore membrane
filter before injection and crude methanolic extracts were
centrifuged and then filtered through a 0.22 pm pore
membrane filter before injection. The injection volume for
all samples was 50 pL. The mobile phase consisted of 2
solvents: Solvent A, water with acetic acid (pH=3) and
Solvent B. acetonitrile/solvent A (6:4: v/v). The mobile
phase was filtered through a 0.22 pm pore membrane filter
and degasified with nitrogen. Phenolic compounds were
cluted under the following conditions: 1 mL/min flow rate
and the column temperature was set at 35°C, isocratic
conditions from 0 to 10 mins with 0% B, linear gradient
conditions from 0% to 5% B in 30 mins, from 5% to 15%
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peaks. Duplicate analyses were performed for each sample.
The identification of phenolic compounds was obtained by
using authentic standards, while quantification was
performed using the external standard method. Stock
solutions of standard compounds at a concentration of 1
mg/mL each were prepared in methanol, and several
dilutions with methanol were made. The solutions of
standards at various concentrations (1.00, 0.75, 0.50, 0.25,
0.15 mg/mL) were injected into the HPLC system and the
calibration curves were established for each standard
compound. The concentration of the compound was
calculated from peak area according to calibration curves.
The amount of each phenolic compound was expressed as
mg/g of dry mass [35.41.42].
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B in 18 mins, from 15% to 25% B in 14 mins, from 25% to
50% B in 31 mins, from 50% to 100% B in 3 mins,
followed by washing and reconditioning the column. For
detection, chromatograms were monitored by ultra-violet-
visible spectra (280 nm), which were recorded for all
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AILANTHUS ALTISSIMA (MILLER) SWINGLE: A SOURCE OF
BIOACTIVE COMPOUNDS WITH ANTIOXIDANT ACTIVITY

Angelo Luis,” Nuno Gil,® Maria Emilia Amaral,b Fernanda Domingues,” and
Ana Paula Duarte **

Ailanthus altissima (Miller) Swingle is a tree used in Chinese traditional
medicine as a bitter aromatic drug and in the treatment of colds and
gastric diseases. Previous phytochemical studies have demonstrated the
presence of quassinoids in the plant, as well as indole alkaloids. The
purpose of this work was to determine the phenolic, flavonoid, and total
alkaloid contents of the ethanolic, methanolic, acetone, and
hydroalcoholic crude extracts of A. altissima and then try to correlate
them with antioxidant activity of corresponding extracts. Moreover, the
phenolic compounds present in the extracts were analyzed by RP-HPLC.
Extracts from leaves have greater phenolic content than the other parts
of this tree. Concerning the extraction process, it is possible to conclude
that the mixture of water and ethanol is the best solvent to extract
substances with antioxidant activity. Analysis by RP-HPLC showed that
ferulic acid was the most dominant hydroxycinnamic acid, with an
occurrence percentage of 25.59%. These results presented a positive
linear correlation between antioxidant activity index and total phenolic
content of all the extracts.

Keywords: Ailanthus altissima; Phenolic compounds; Flavonoids; Antioxidant activity; RP-HPLC

Contact information: a: CICS-UBI - Health Sciences Research Centre, University of Beira Interior, Av.
Infante D. Henrique, 6200-506 Covilha, Portugal; b: Research Unit of Textile and Paper Materials,
University of Beira Interior, Rua Marqués d Avila e Bolama, 6201-001 Covilha, Portugal;
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INTRODUCTION

Invasive exotic species have significant negative impacts on socio-ecological
systems. Some invasive species cause acute socio-ecological problems; other impacts are
subtler, and are the cause of longer-term change, such as changes to the composition and
function of ecosystems and the loss of biodiversity. Ailanthus altissima (Miller) Swingle
is an example of a vegetal species that is invasive and exotic in various countries
(Bardsley and Edwards-Jones 2007), including in Portugal. A. altissima, the tree-of-
heaven, is native in China and was introduced in Europe around the end of 18" century.
Although they are scentless on the tree, the leaves and flowers have an unpleasant odor
when crushed. 4. altissima is used in Chinese traditional medicine as a bitter aromatic
drug in the treatment of colds and gastric diseases. Previous phytochemical studies have
demonstrated the presence of quassinoids in the plant, as well as indole alkaloids. Lipids
and fatty acids, phenolic derivatives, and volatile compounds from leaves have also been
characterized. Extracts with organic solvents of tree-of-heaven and some isolated
compounds have demonstrated medicinal properties (Feo et al. 2003).
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The ways in which plants interact with other organisms in an environment are
complex. The production and/or the accumulation of secondary metabolites could have
different functions: self-defense, sexual attraction, symbiosis, and development (Feo et al.
2003). There is an increasing interest in the measurement and use of plant antioxidants
for scientific research, as well as industrial purposes (dietary, pharmaceutical, and
cosmetic). This is mainly due to their strong biological activity, exceeding those of many
synthetic antioxidants that have possible activity as promoters of carcinogenesis. There-
fore, the need exists for safe, economic, powerful, and natural antioxidants to replace
these synthetic ones. In addition, antioxidants are an important group of medicinal
preventive compounds, as well as being food additives inhibiting detrimental changes of
easily oxidizable nutrients (Ksouri et al. 2009). Amongst the antioxidants, several groups
of polyphenols are currently used in the industry as nutraceuticals and/or functional
foods. Some antioxidant compounds are extracted from easily available sources, such as
agricultural and horticultural crops, or medicinal plants.

Phenolic compounds play an important role for normal growth in plant
development, as well as defense against infection and injury. The presence of phenolics
in injured plants may have an important effect on oxidative stability and microbial safety
(Ksouri et al. 2009). On the other hand, the number of contributions on isolation and
activity-testing of plant antioxidants has significantly increased in recent years. Several
studies have described the antioxidant properties of medicinal plants, foods, and
beverages that are rich in phenolic compounds because of their high redox potentials.
Such compounds act as reducing agents, hydrogen donors, singlet oxygen quenchers, free
radical scavengers, and as chelating agents of pro-oxidant metals, such as transition
metals. It was recently showed that phenolic antioxidants in herbs have capacities of
quenching lipid per-oxidant, preventing DNA oxidative damage, and scavenging reactive
oxygen species (Ksouri et al. 2009).

Although the potential benefits of antioxidants such as phenolic compounds,
against reactive oxygen species (ROS), it is well known that ROS are not only harmful
agents that cause oxidative damage in pathologies, they also have important roles as
regulatory agents in a range of biological phenomena (Murphy et al. 2011).

The purpose of this work was to determine the phenolic, flavonoid, and total
alkaloid contents of the ethanolic, methanolic, acetone, and hydroalcoholic crude extracts
of A. altissima and then try to correlate them with antioxidant activity of the same
extracts. Then, the phenolic compounds present in the extracts were analyzed by
reversed-phase-HPLC (RP-HPLC). The Folin-Ciocalteu’s method was used for the
determination of total phenols, a colorimetric method with aluminum chloride was used
in the determination of total flavonoids, and Dragendorff’s reagent method was used for
alkaloids estimation. The methods of DPPH (2,2-diphenyl-1-picrylhydrazyl) and f-
carotene bleaching test were used to assess the antioxidant activity of extracts.

EXPERIMENTAL

Plant Material
Aerial parts (stems, stalks, and leaves) of A. altissima were collected in Serra da
Estrela (GPS coordinates: N 40° 16,719’; W 07° 30,744’; altitude: 649 m). Plant
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materials were dried at 35 °C in a ventilated oven during 48 hours and reduced to coarse
powder (< 2 mm) using a laboratory cutting mill. Harvesting and transport of this plant
were authorized by Instituto da Conservagdo da Natureza e da Biodiversidade. The
vegetal specie was identified (4dilanthus altissima (Miller) Swingle) by a botanist, and a
voucher specimen has been deposited in the Herbarium (LISI 19/2011) of the /nstituto
Superior de Agronomia (Jardim Botdnico d’Ajuda, Lisboa).

Extraction Process

Ethanolic, methanolic, and acetone extracts were carried out with a Soxhlet
apparatus, using 100 g of raw material and 1000 mL of solvent. Hydroalcoholic extrac-
tions, water/ethanol (50:50; v/v), were performed by refluxing, using 100 g of plant
samples with 1000 mL of solvent. The extract solutions were filtered under vacuum using
a crucible of porosity #2 and then evaporated under vacuum to remove the solvents to a
final volume of 150 mL. Then, 5 mL of each extract was diluted in 45 mL of methanol.
Aliquots (5 mL) of the extracts were removed for subsequent evaporation to dryness for
the calculation of extraction yield and extracts concentration.

Total Phenolic Compounds Determination

The phenolics were determined by Folin-Ciocalteu’s colorimetric method. The
methanolic solutions of each extract (50 pL) or gallic acid (standard phenolic compound)
were mixed with 450 pL of distilled water, and then 2.5 mL of 0.2 N Folin-Ciocalteu’s
reagent (diluted with distilled water) was added. The mixtures were allowed to stand for
5 minutes, and then 2 mL of aqueous Na,CO; (75 g/L) was added. After incubation of
these reaction mixtures (90 minutes / 30 °C), the total phenols were determined by
colorimetry at 765 nm. The standard curve was prepared using 500, 400, 350, 325, 300,
250, 225, 200, 150, 125, 100, and 50 mg/L solutions of gallic acid in methanol
(y=0.0009x; R?=0.9875). Total phenolic values were expressed as gallic acid equivalents
(mg GAE / g of dry mass), which is a common reference compound for phenolic
compounds (Tawaha et al. 2007; Pourmorad et al. 2006). The tests were conducted in
triplicate.

Flavonoids Determination

Aluminum chloride colorimetric method was used for flavonoids determination
according to Pourmorad et al. (2006). Each extract (500 uL) in methanol was separately
mixed with 1.5 mL of methanol, 0.1 mL of 10 % aluminum chloride, 0.1 mL of 1 M
potassium acetate, and 2.8 mL of distilled water. This solution remained at room
temperature for 30 minutes; the absorbance of the reaction mixture was measured at 415
nm using a spectrophotometer.

The calibration curve was constructed by preparing eight quercetin solutions at
concentrations ranging from 12.5 to 200 pg/mL in methanol (y=0.0074x; R*=0.9980).
Total flavonoid values were expressed as quercetin equivalents (mg QE / g of dry mass),
which is a common reference compound for flavonoids (Pourmorad et al. 2006). These
determinations were made in duplicate.
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Alkaloids Estimation

The alkaloids estimation was performed by the spectrophotometric method of
Dragendorff’s reagent, as described by Sreevidya and Mehotra (2003). Briefly, 10 mL of
each crude extract was centrifuged for 10 minutes (3000 rpm) to remove residual
suspended particles, and then 5 mL of the supernatant was mixed with 1 mL of 0.1 N
HCI. Then, 2.5 mL of Dragendorff’s reagent was added to the previous mixture for
precipitation, and the precipitate was centrifuged for 5 minutes (3000 rpm). This
precipitate was further washed with 2.5 mL of ethanol. The filtrate was discarded, and the
residue was then treated with 2.5 mL of disodium sulfide solution (1 % w/v). The
brownish black precipitate formed was then centrifuged (5 minutes, 3000 rpm). This
residue was dissolved in 2 mL of concentrated nitric acid, with warming if necessary; this
solution was diluted to 10 mL in a standard flask with distilled water, and 1 mL was then
pipetted out and mixed with 5 mL of thiourea solution (3 % w/v). The absorbance of this
solution was measured at 435 nm against a blank containing 1 mL of concentrated nitric
acid and 2.5 mL of thiourea solution (3 % w/v). The standard curve was prepared using
750, 500, 400, 250, 200, 150, and 100 mg/L solutions of pilocarpine nitrate in 0.1N HCI
(y=0.0013x-0.2750; R*=0.9957). Alkaloid contents were expressed as pilocarpine nitrate
equivalents (mg PNE / g of dry mass) (Sreevidya and Mehotra 2003). These tests were
performed in duplicate.

Evaluation of Antioxidant Activity
DPPH scavenging assay

The antioxidant activity of the extracts and standards (gallic acid, quercetin, rutin,
and trolox) was determined by the radical scavenging activity method using 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical as described by Scherer and Godoy (2009). Briefly, 0.1
mL aliquots of methanolic solutions of the extracts or standards at different concentra-
tions were added to 3.9 mL of a DPPH methanolic solution. Three DPPH solutions were
tested: 0.2000, 0.1242, and 0.0800 mM prepared by dissolving 39.4, 24.5, and 15.8 mg in
500 mL of methanol, respectively. These concentrations were selected due to the linearity
range of DPPH solutions: above 0.2 mM the concentration is very high, and below 0.5
mM the color is very weak, having a limited range of absorbance reading. The control
sample consisted in a solution of 0.1 mL of methanol mixed with 3.9 mL of DPPH. After
a 90 min incubation period at room temperature in the dark, the absorbance was
measured at 517 nm. The radical scavenging activity was calculated as follows,

1% = [(Abs - Abs;) / Abso] * 100 (1)

where Abs, was the absorbance of the control, and Abs; was the absorbance in the
presence of the test sample at different concentrations. The ICsy (concentration providing
50% inhibition of DPPH radicals) was calculated graphically using a calibration curve in
the linear range by plotting the extract concentration vs. the corresponding scavenging
effect.

The antioxidant activity was expressed as the antioxidant activity index (AAI),
calculated as follows (Scherer and Godoy 2009):
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AAI = (final concentration of DPPH in the control sample - pg.mL™")/(ICso- pg.mL™")
(2

Thus, the AAI was calculated considering the mass of DPPH and the mass of the
tested sample in the reaction, resulting in a constant for each sample, independent of the
concentration of DPPH and the sample used. In this work, it was observed that shrub
extracts showed poor antioxidant activity when AAI < 0.5, moderate antioxidant activity
when AAI was between 0.5 and 1.0, strong antioxidant activity when AAI between 1.0
and 2.0, and very strong antioxidant activity when AAI > 2.0, according to Scherer and
Godoy (2009). Assays were carried out in duplicate, and all the samples and standard
solutions, as well as the DPPH solutions, were prepared daily (Scherer and Godoy 2009).

p-carotene bleaching test

The B-carotene bleaching test was also used to evaluate the antioxidant activity of
the extracts. Twenty uL of B-carotene solution (20 mg/mL in chloroform) was added to
40 uL of linoleic acid, 400 mg of Tween 40, and 1 mL of chloroform. This mixture was
then evaporated at 45 °C for 5 minutes by using a rotary vacuum evaporator to remove
chloroform and immediately diluted with 100 mL of oxygenated distilled water. The
water was added slowly to the mixture and vigorously agitated to form an emulsion. 5
mL of the emulsion were transferred into test tubes containing 300 pL of extracts in
methanol at different concentrations. 5 mL of the emulsion and 300 pL of samples in
methanol were used as control. Standard butylated hydroxytoluene (BHT) in methanol, at
the same concentration as the samples, was used as reference. The tubes were then gently
shaken and placed at 50 °C in a water bath for 2 hours. The absorbances of the standard
and control extracts were measured at 470 nm, using a spectrophotometer, against a blank
consisting of an emulsion without B-carotene. The measurements were carried out at
initial time (t=0 h) and at final time (t=2 h). All samples were assayed in duplicate. The
antioxidant activity was measured in terms of percentage of inhibition of B-carotene’s
oxidation by,

% Inhibiti0n=(AbS;:25;,mp|c = Absxzzcomm])/ ( Absi= — AbSFZcommI) (3)

where Absi=, was the absorbance of the sample or control at the final time of incubation
and Abs, was the absorbance in the control at the initial time of incubation (Luis et al.
2009).

RP-HPLC Analysis of Phenolics

A simple and quick RP-HPLC method for determination of phenolic compounds
was developed. Chromatographic analysis was performed with the use of liquid chroma-
tographic system, which consisted of Perkin Elmer Binary LC Pump 250, Perkin Elmer
UV-visible Spectrophotometric Detector LC 290, and Perkin Elmer LC Oven 101 with
loop of 50 uL. The chromatographic system was connected through the Data Apex U-
PAD2 USB Acquisition Device to the PC computer. Software used for data acquisition
and evaluation was Clarity Lite Data Apex. The separation was carried out on a 150x4.60
mm, Phenomenex Kinetex Luna 2.6 pm PFP 100A reversed phase column equipped with
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Phenomenex KrudKatcher Ultra HPLC In-Line Filter with 0.5 um porosity. Standard
solutions were filtered through a 0.22 pum pore size membrane filter before injection, and
crude methanolic extracts were centrifuged and then filtered through a 0.22 um pore size
membrane filter before injection. The injection volume for all samples was 50 pL. The
mobile phase consisted of two solvents: Solvent A, water with acetic acid (pH=3) and
Solvent B, acetonitrile/solvent A (60:40; v/v). The mobile phase was filtered through a
0.22 pm pore size membrane filter and degasified with nitrogen. Phenolic compounds
were eluted under the following conditions: 1 mL/min flow rate, the column temperature
set at 35 °C, isocratic conditions from 0 to 10 min with 0 % B, linear gradient conditions
from 0 % to 5 % B in 30 min, from 5 % to 15 % B in 18 min, from 15 % to 25 % B in 14
min, from 25 % to 50 % B in 31 min, from 50 % to 100 % B in 3 min, followed by
washing and reconditioning the column. For detection, chromatograms were monitored
by the ultra-violet-visible spectra (280 nm), and results were recorded for all peaks.
Duplicate analyses were performed for each sample. The identification of phenolic
compounds was obtained by using authentic standards and by comparing the retention
times, while quantification was performed using the external standard method. Stock
solution of standard compounds at concentration 1 mg/mL each was prepared in
methanol, and several dilutions with methanol were made. Standard compounds used
were: gallic acid, vanillic acid, caffeic acid, chlorogenic acid, syringic acid, p-coumaric
acid, ferulic acid, ellagic acid, and quercetin. The solutions of standards at various
concentrations (1.00, 0.75, 0.50, 0.25, 0.15 mg/mL) were injected into the HPLC system,
and the calibration curves were established for each standard compound. The
concentration of the compound was calculated from peak area according to calibration
curves. The amount of each phenolic compound was expressed as milligram per gram of
dry mass (mg / g of dry mass) (Kelebek et al. 2009; Fernandez-Arroyo et al. 2010;
Tarnawski et al. 2000).

RESULTS AND DISCUSSION

From the results presented in Table 1, generally leaves gave rise to a higher
extraction yield than the other parts of the plant. The extraction yields obtained in the
present study were very similar to those obtained for some medicinal plants reported in
literature (Silva et al. 2007).

Phenolic compounds are one of the most important groups of compounds that
occur in plants. These compounds are reported to exhibit anticarcinogenic, anti-inflam-
atory, antiatherogenic, antithrombotic, immune-modulating, and analgesic activities,
among others (Kassim et al. 2010). In this study, these compounds were determined with
the colorimetric method of Folin-Ciocalteu’s reagent, which is a very well established
and widely used method for total phenolics quantitation. Nevertheless, this method has
some limitations; namely, the Folin-Ciocalteu’s reagent can react with other non-phenolic
reducing compounds and can lead to the overvaluation of the phenolic compounds. These
values only intend to provide a relative result for comparison between the different
extracts. As can be seen in Table 2, generally, extracts from leaves yielded higher
amounts of phenolic compounds than the extracts from stems and stalks.
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Table 1. Extraction Yields of the Different Types of Extraction for the Several Parts of
the Plant (%)

Solvent Plant part Extraction yield (%) *
Stems 6.28 £0.45
Ethanol Stalks 6.32 £ 0.46
Leaves 24,70 £0.75
Stems 3.59+0.39
Acetone Stalks 2.67 £0.33
Leaves 24.25 +0.60
Stems 8.42 +0.20
Hydroalcoholic (50/50 v:v) Stalks 13.38+0.16
Leaves 29.75 +2.60
Stems 8.69+1.13
Methanol Stalks 12.47 £0.10
Leaves 24.96 +5.13
* Results in terms of mean + standard deviation

Referring to Table 2, hydroalcoholic extracts presented the biggest concentration
of total phenolics, which indicates that this mixture of solvents is the best to use in the
extraction of these compounds from plants. However, this method can also quantify some
derivatives of sugars that can be extracted by this mixture of solvents. Acetone is the
solvent used that extracted the least concentration of phenolic compounds. The acetone
extracts of stalks of A. altissima were the ones with the lowest quantity of phenolics, in
contrast to the hydroalcoholic extract of leaves, which was the richest in phenolics.

Flavonoids, which are partly responsible for the pigmentation of flowers, fruits,
and leaves, are polyphenolic compounds that occur ubiquitously in edible plants and
structurally have variations in the C ring that characterizes the different types, namely
flavonols, flavones, isoflavones, flavonones, flavanol, and anthocyanins (Aruoma 2003;
Surveswaran et al. 2007). Flavonoids could act as antioxidants because they can readily
donate an electron or a hydrogen atom to a peroxyl or alkoxy radical to terminate a lipid
peroxidation chain reaction or to regenerate a phenolic/flavonoid compound; or they can
effectively chelate a pro-oxidant transition metal (Aruoma 2003). The process used in
quantitative methods for the flavonoids determination is performed by precipitating them
with aluminum chloride in an alkalinized medium (Alim et al. 2009). Table 2 shows the
results of the determination of flavonoids in all the extracts of 4. altissima. It is possible
to conclude that the methanolic extracts of stalks are the ones that present the lower
concentration in flavonoids, or in other way, that the acetone extract of leaves is the
richest extract in flavonoids. These results are very similar to those obtained previously
by Andrade et al. (2009).

In the most cases no single chemical component is responsible for the medicinal
properties of plant-based drugs, and their synergic action or bioenhancement is due to the
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presence of other chemical substances in the plant material. Therefore, the determination
of the total amount of different classes of components is essential for the standardization
of the plants (Sreevidya and Mehotra 2003). Alkaloids are low molecular weight
nitrogen-containing substances with characteristic toxicity and pharmacological activity
(De Luca and Pierre 2000). As alkaloids have therapeutic efficacy and bioenhancing
properties, the estimation of total alkaloids in plants bearing alkaloids and formulations
that contain them as therapeutic agents becomes essential (Sreevidya and Mehotra 2003).
All the extracts contain large amounts of alkaloids (Table 2), which is in agreement with
the literature. Other studies have reported the presence of alkaloids in 4. altissima (Feo et
al. 2003). In particular, the acetone extract of stalks is the one that exhibited the highest
amount of these compounds.

Table 2. Contents of Phenolics, Flavonoids, and Alkaloids of the Extracts

Total phenolic Flavonoids (mg | Alkaloids (mg

Solvent Plant part compounds (mg GAE / g QE /g dry PNE / g dry
dry matter) * matter) * matter) *

Stems 44.95 +0.97 8.04 +0.05 17.91+1.49
Ethanol Stalks 52.48 +1.69 17.30 £ 0.63 9.37+1.25
Leaves 136.55 + 1.31 87.09 + 0.94 14.42 +1.88
Stems 48.60 +1.59 20.62 +0.22 15.37 +0.91
Acetone Stalks 25.96 + 1.35 31.51 £1.57 28.84 +0.91
Leaves 106.96 + 0.35 122.53 + 0.68 6.53 +1.38
Kiyiaaliahiols Stems 65.61+1.54 7.47 £0.36 15.44 £1.08
(50/50 v2v) Stalks 149.52 +2.04 22.82+0.17 27.58 +£0.20
Leaves 158.72 +0.38 29.59 +0.25 19.19 £0.19
Stems 53.49 + 2.55 7.73+1.29 14.08 +1.18
Methanol Stalks 15.88 + 0.49 3.69 +0.05 18.38 £0.57
Leaves 151.80 £ 1.02 68.39 +0.13 16.68 +0.45

* Results in terms of mean + standard deviation

One problem in the determination of the antioxidant activity is that this activity is

variable depending on the method used. It is known that an antioxidant mechanism in
various biological matrices is very complex and many other factors may intervene in this
mechanism (Cam et al. 2009). Given this complexity, the use of only one method to
determine the antioxidant activity of the extracts is not sufficient to reach a conclusion. In
this sense, we have applied two different methods and diverse antioxidant properties can
then be determined.

It is well known that the antioxidants react with the stable free radical DPPH
(deep violet color) and convert it to 2,2-diphenyl-1-picrylhydrazine (DPPH-H) with
discoloration. The antioxidant effect of plant extracts on DPPH radical scavenging may
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be due to their hydrogen donating ability, as well as the reduction of the stable violet
DPPH radical to yellow DPPH-H (Ahmadi et al. 2010).

Free-radical scavenging properties of extracts of A. altissima are presented in
Table 3. Hydroalcoholic extracts are the ones that exhibited the greatest antioxidant
properties measured by the DPPH scavenging method. These results indicate that the
mixture of water and ethanol is the solvent more appropriate to extract substances with
antioxidant activity. This is in agreement with the results obtained for the phenolics
determination, which suggests that the total phenolic compounds were responsible for the
antioxidant activity of the extracts. The hydroalcoholic extract of leaves is the extract
with the greatest value of AAI, which classifies the antioxidant activity of this extract as
“very strong.” The methanolic extract of stalks showed a poor antioxidant activity.
Generally, all the extracts of A. altissima presented great antioxidant activity when
compared with the standards. These results are in agreement with the study of Rahman et
al. (2009), who also reported a high antioxidant activity and high levels of phenolic
compounds in extracts of leaves from A4. altissima. However, in this work a more detailed
characterization of the bioactive compounds and antioxidant activity of different extracts,
from the aerial parts of A. Altissima, was done.

Table 3. Antioxidant Properties of A. altissima Extracts and Standards

Solvent Plant part ICso (mg/L) * AAI * A’R'(g:“;g;m
Stems 65.69 + 2.58 0,88 + 0,03 Moderate
Ethanol Stalks 77.49 £3.34 0,78 + 0,14 Moderate
Leaves 28.53 +0.34 2,01 £0,03 Very Strong
Stems 58.00 + 3.53 0,99 + 0,06 Moderate
Acetone Stalks 96.24 + 3.52 0,59 + 0,02 Moderate
Leaves 36.29+1.18 1,58 + 0,05 Strong
Hydroalcoholic Stems 65.45+2.12 0,87 + 0,03 Moderate
(50/50 v2v) Stalks 26.23 +0.63 2,15+ 0,06 Very Strong
Leaves 22.98 +0.42 2,44 0,06 Very Strong
Stems 80.11 +3.29 0,67 +0,03 Moderate
Methanol Stalks 162.46 +2.10 0,33+ 0,01 Poor
Leaves 20.23 + 0.31 2,64 +0,05 Very Strong
Rutin 10.66 £ 0.39 490 +£0.21 Very Strong
Quercetin 432 +£0.39 1217 £1.71 Very Strong
Trolox 8.38+0.13 6.62 +£0.10 Very Strong
Gallic Acid 2.23 £0.02 22.77 £0.25 Very Strong

* Results in terms of mean + standard deviation
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In the B-carotene bleaching test, oxygen is needed for linoleic acid oxidation and
to convert it to lipid hydroperoxide. This compound is very active and attacks the highly
unsaturated B-carotene molecules, giving rise to the bleaching of its characteristic yellow
color in solution. Antioxidants perform their inhibition by various mechanisms such as
peroxide decomposition or chain stopping and neutralization of linoleate-free radical and
other free radicals formed in the system (Ahmadi et al. 2010; Rajaei et al. 2010). All the
extracts presented antioxidant properties when compared with the synthetic antioxidant
BHT, as measured by this method. Based on Figures 1 to 4, it is possible to conclude that
extracts from leaves of A. altissima are potent antioxidants, allowing high percentages of
inhibition of oxidation of B-carotene molecules. These results indicate that this plant is a
potential source of compounds with the ability to inhibit lipid peroxidation. Figure 1
presents the behavior of ethanolic extracts, and as mentioned above, extracts of leaves
showed the greatest antioxidant activity measured by this method.

Ethanolic Extracts
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Fig. 1. Antioxidant activity of ethanolic extracts measured by B-carotene bleaching test
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Fig. 2. Antioxidant activity of acetone extracts measured by B-carotene bleaching test
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Fig. 3. Antioxidant activity of hydroalcoholic extracts measured by B-carotene bleaching test
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Fig. 4. Antioxidant activity of methanolic extracts measured by B-carotene bleaching test

In the case of acetone (Fig. 2) and methanolic (Fig. 4) extracts, the results were
similar to those obtained for ethanolic extracts. In the case of hydroalcoholic extracts
(Fig. 3), the extract of stems possessed the greatest antioxidant activity, but it was very
identical to the antioxidant activity of extracts of stalks and leaves.

A. altissima is a potential source of natural occurring antioxidant compounds that
can be used for medicinal or industrial purposes. However, the excess consumption of
antioxidants can cause damage. Several studies summarized by Ristow and Schemeisser
(2011) evidence that several longevity-promoting interventions may converge by causing
an activation of mitochondrial oxygen consumption to promote increased formation of
ROS. These serve as molecular signals to exert downstream effects to ultimately induce
endogenous defense mechanisms culminating in increased stress resistance and longevity,
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an adaptive response more specifically named mitochondrial hormesis or mitohormesis
(Ristow and Schemeisser 2011).

According to Fig. 5, it is possible to observe a positive linear correlation between
antioxidant activity index and total phenolic content of all the extracts of A. altissima
(R?=0.9593). These results indicate that the phenolic compounds could be the main
contributor of the antioxidant activities of this tree. This result was in agreement with
previous studies (Fu et al. 2010). These authors showed results with a positive linear
correlation between the antioxidant capacities and total phenolic content (R*>0.86). The
same analysis was done for the flavonoids (Fig. 5), and it was verified that there was no
correlation (R*=0.2901) between these compounds and the antioxidant activity of the
extracts. It is known that only flavonoids of a certain structure and particularly hydroxyl
position in the molecule determine antioxidant properties; in general these properties
depend on the ability to donate a hydrogen or electron to a free radical (Miliauskas et al.
2004).
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Fig. 5. Correlation between antioxidant activity, total phenolics and flavonoids of extracts

The RP-HPLC analysis was employed to identify major phenolic compounds in
the extracts of A. altissima. These data will be helpful for comparison between the
antioxidant activities and phenolic compounds of the different studied extracts and will
also be useful for understanding their chemical constituents and functionality. RP-HPLC
analysis is the most used method for identification of plant phenolics. Because of the
diversity and complexity of natural phenolic compounds in hundreds of medicinal plant
extracts, it is rather difficult to characterize every compound and elucidate its structure. It
is not difficult, however, to identify major categories of phenolic compounds and
representative phenolics. Namely, quercetin is an example of one flavonoid aglycone, and
the p-coumaric and ferulic acids are examples of hydroxycinnamic acids (Cartea et al.
2011). In the present study, we conducted identification of representative natural phenolic
compounds from selected extracts. In the Fig. 6 an example can be seen of an HPLC
chromatogram of the standard phenolic compounds used in this study. The phenolic
compounds were detected at 280 nm (although 320 and 350 nm were more adequate
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wavelengths to detect hydroxycinnamic acids and flavonoids derivatives, respectively). A
total of nine phenolic compounds were identified and quantified in the extracts of the
plant (Table 4), including hydroxybenzoic acids, hydroxycinnamic acids, and flavonoids.
The total amount of phenolic compounds in all the extracts was 268.15 mg / g of dry
matter. Gallic acid is one of the most important hydroxybenzoic acids, which is a
naturally abundant plant phenolic compound, and it is present in food of plant origin;
since it was found to exhibit antioxidant properties, it has attracted considerable interest.
Surprisingly, in the extracts now analyzed, gallic acid was the phenolic compound that
was less abundant, having an occurrence percentage of 1.45%. The hydroxycinnamic
acids identified (caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid) were
abundantly present. Ferulic acid was the most dominant hydroxycinnamic acid,
presenting an occurrence percentage of 25.59%. These results are in agreement with other
previously published data (Kelebek et al. 2009). Acetone was the solvent that extracted
the lowest quantity of phenolics, at about 40.67 mg/ g of dry matter. Methanol extracted
the biggest concentration of phenolic compounds, at about 81.63 mg / g of dry matter.
Generally, extracts from A. altissima leaves yielded more phenolic compounds, when
compared with the extracts of stems and stalks.

Table 4. Phenolic Compounds in A. altissima Extracts Analyzed by HPLC

Standard Phenolic Compounds (mg / g dry matter) *

Solvent Plant | Gatiic | vanillic Caffeic Chlorogenic | Syringic | p-Coumaric | Ferulic Ellagic Quercetin
part Acid Acid Acid Acid Acid Acid Acid Acid
e el IR Il e el R
Stalks; | Gos | LR N/D 0.90 +0.03 ND | os2z012 | 438% | OT4% N/D
Leaves | ND | 498% | 282 | 413040147 | 2% | cosz0ss | 132t | 30 N/D
stems | ND N/D N/D N/D ND | 4esxoee | 333% | S1T* N/D
Acetone Staks | ND | ND N/D N/D NID N/D re e a N/D
Leaves | ND | ND N/D N/D N/D N/D e | % | e
Stems | ND 1&‘:9* 06?371 1.35+0.20 361276* 1.66 +0.09 4f1°1* N/D N/D
Hydroalcoholic | stalks | WD | o8t | 284 s72s082 | % | 104x000 [ 309 [ 313% iy
[ogess | 205 AR | DO 4412050 | OOt | 24gro0s [ 1920% | 402 N/D
stems | np | 057 N/D viozee | BTE | osasoos | 22| LIRS N/D
Methanol | staks [ D | 48 N/D N/D WIBE | ommoms | PLE | GRRE N/D
Leaves | ND | Z71% [ 090 | 47505040 | 202% 12814071 [ 12382 | 1902x | ATTE
*Results in terms of mean + standard deviation
N/D - Not detected
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Fig. 6. Example of HPLC chromatogram of one mixture of the standard compounds used (1
mg/mL). Peaks: 1) gallic acid; 2) vanillic acid; 3) caffeic acid; 4) chlorogenic acid; 5) syringic acid;
6) p-coumaric acid; 7) ferulic acid; 8) ellagic acid; 9) quercetin.

CONCLUSIONS

1. A. altissima is a potential source of bioactive compounds with antioxidant activity,
namely phenolic compounds and flavonoids. This species is also rich in alkaloids.

2. Extracts from leaves have greater amounts in phenolics than the other parts of this
tree.

3. The mixture of water and ethanol is the solvent most suitable to extract substances
with antioxidant activity.

4. There was a positive linear correlation between antioxidant activity index and total
phenolic content of all the extracts of A. altissima.

5. Analysis by RP-HPLC shows that ferulic acid was the most dominant hydroxyl-
cinnamic acid, presenting an occurrence percentage of 25.59%.
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Background: Hakea sericea Schrader is an invasive shrub in Portuguese forests.
Objective: The goal of this work was to evaluate the antimicrobial activity of H. sericea
extracts against several strains of microorganisms, including the ability to inhibit the formation
of biofilms. Additionally the cytotoxic properties of these extracts, against human cells, were
assessed. Materials and Methods: The antimicrobial activity of the methanolic extracts of
H. sericea was assessed by disk diffusion assay and Minimum Inhibitory Concentration (MIC)
value determination. The antibiofilm activity was determined by quantification of total
biofilm biomass with crystal violet. Cytotoxicity was evaluated by hemolysis assay and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test. Results: For Gram-positive
bacteria, MIC values of H. sericea methanolic extracts ranged between 0.040 and 0.625 mg/mL,
whereas the fruits extract yielded the lowest MIC for several strains of microorganisms, namely,
S. aureus, B. cereus, L. monocytogenes and clinical methicillin-resistant S. aureus (MRSA). Stems
and fruits extract at 2.5 mg/mL effectively eradicated the biofilm of S. aureus ATCC 25923,
SA 01/10 and MRSA 12/10. Regarding leaves extract, hemolysis was not observed, and in the
case of stems and fruits, hemolysis was verified only for higher concentrations, suggesting its
low toxicity. Fruits extract presented no toxic effect to normal human dermal fibroblasts (NHDF)
cells however for concentrations of 0.017 and 0.008 mg/mL this extract was able to decrease
human breast adenocarcinoma cells (MCF-7) viability in about 60%, as MTT test results had
confirmed. This is a clearly demonstrator of the cytotoxicity of this extract against MCF-7 cells.
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INTRODUCTION

The rise in antibiotic-resistant microorganism in recent
years has led to an increasing search for new antibiotics."
In general, it has been possible to observe an increase in
resistance of pathogenic viruses, bacteria, fungi and protozoa
against known drugs.” Moreover, bacteria that adhere to
implanted medical devices or damaged tissue can become
the cause of persistent infections. These bacteria encase
themselves in a hydrated matrix of polysaccharide and
protein, forming a slimy layer known as a biofilm.Pl This
mechanism increases the resistance to antibiotics and
difficult the eradication of microorganism. To overcome
the drawbacks of the current antimicrobial drugs and to
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obtain more efficacious drugs, an antimicrobial drug having
a novel mode of action should be developed.” All over
the world, people depended on herbs for the treatment of
various ailments before the advent of modern medicine.
Medicinal plants constitute an arsenal of chemicals that
could be exploited by human to prevent microbial invasion.!!
Secondary metabolites produced by plants constitute a major
source of bioactive substances. The scientific interest
in these metabolites has increased today with the search
of new therapeutic agents from plant source, due to
the increasing development of the resistance pattern of
microorganisms to most currently used antimicrobial drugs.”
In a search for plant-derived biologically active compounds
against infectious diseases, this work analyses the potential
antimicrobial activity of Hakea sericea Schrader methanolic
extracts. H. sencea is an invasive shrub in Portuguese forests.
Originally from southern Australia, it was introduced in
Portugal for ornamental purposes. A key characteristic of
H. sericea 1s it extreme serotinous habit: all of its seeds are
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retained in pairs in tough woody follicles, which accumulate
along the branches throughout the life of the plant.l! In a
previous report of our team, we have made an exhaustive
study of several shrubs extracts, including H. serzcea.” This
shrub had demonstrated very good antioxidant properties,
namely radical scavenging activity of DPPH free radicals
and the inhibition of oxidation of linoleic acid molecules,
which is an indicator of inhibition of lipid peroxidation.
These antioxidant properties are mainly due to the presence
of phenolics, tannins and flavonoids.” In our previous work
we have analyzed the phenolic composition of H. seriea
extracts using RP-HPLC and the main compounds present
in extracts were ferulic and p-coumaric acids. Moreover,
other phenolic compounds commonly found in plants were
identified and quantified in H. sericea methanolic extracts,
for example, gallic, caffeic and chlorogenic acids.” We have
also found that H. sericea possesses high concentrations
of some secondary metabolites, namely alkaloids, among
the others above mentioned.” These substances are well
known bioactive compounds from plants. To the best of
our knowledge, no other phytochemical characterization
about this plant has been published yet. In this sense, the
goal of this work was to evaluate the antimicrobial activity of
H. sericea extracts against several strains of microorganism,
as well as studying the ability to inhibit the formation of
biofilms. Additionally the cytotoxic properties of this
extracts, against human cells, were assessed.

MATERIALS AND METHODS

Plant material

Aerial parts (stems, leaves and fruits) of H. sericea were
collected in Serra da Estrela (GPS coordinates: N 40°20.2967;
W 07°27.491’; Altitude: 730 m). Plant materials were dried
at 35°C in a ventilated oven during 48h and reduced to
coarse powder (<2 mm) using a laboratory cutting mill.
Harvesting, transport and storage of plant species were
authorized by Instituto da Conservacdo da Natureza e da
Biodirersidade, because this plant is an exotic, invasive and
non-indigenous species. This vegetal species was identified
by a botanist and a voucher specimen (No. LISI 13/2011)
has been deposited in the Herbarium of the Instituto Superior
de Agronomia (Jardim Botanico d’Ajuda, 1.25hoa).

Extraction procedure

Methanolic extracts were obtained with Soxhlet apparatus
until the solvent became colorless, using approximately
100g of raw material and 1000mL of solvent. The extract
solutions were filtered under vacuum using a crucible of
porosity #2 and then distilled under reduced pressure until a
final volume of solvent of 100mL. Prior to use, the extracts
were dried using rotary evaporator under reduced pressure
and then dissolved in dimethylsulphoxide (DMSO).

Determination of antimicrobial activity

Test microorganisms and culture media

The antimicrobial studies were carried out against eight
bacterial strains (Gram-positive: Staphylococcus anreus ATCC
25923, Bacillus cereus ATCC 11778 and Listeria monocytogenes
LMG 16779; Gram-negative: Escherichia coli ATCC 25922,
Pseudomonas aernginosa NTCC 27853, and Klebszella prenmoniae
ATCC 13883; Clinical methicillin-resistant S aureus MRSA
10/08 and MRSA 12/08) and two yeast strains (Candida
albicans ATCC 90028 and Candida tropicalis ATCC 750).
For antibiofilm activity assays, an additional four clinical
strains of S. anreus were used (SA 01/10, SA 02/10, SA
03/10 and SA 08). Stock cultures were prepared and
stored with 20% glycerol at -80°C. The strains were
sub-cultured on an appropriate agar plate 24 h prior to any
antimicrobial test and when cultured from stock, they were
sub-cultured before use. Brain Heart Infusion Agar (BHI)
was used for the growth of bacterial species and Sabouraud
Dextrose Agar (SDA) was used for yeasts. Mueller-Hinton
Agar (MHA) was used for the disc diffusion assays and for
Minimum Inhibitory Concentration (MIC) determination
against all microorganism. Regarding the disc diffusion
with yeasts, MHA with 2% glucose and 0.5 pg/mL blue
methylene was used, whereas MHA with 2% glucose was
used to determine the MIC.

Disc diffusion assay

Antimicrobial activity of the crude methanolic extracts of
stems, leaves and fruits of H. sericeawas determined by disk
diffusion assay, using either the M2-A8 method, described
by Clinical Laboratory and Standards Institute (CLSI), for
bacteria or the M44-A2 method described by CLSI for
yeasts.®l For the preparation of noculum, bacteria or
fungi were suspended in saline solution to a cell suspension
of 0.5 McFarland (about 1 to 2x10* colony-forming
unit/mL (CFU/mL) to non-fastidious bacteria and 1 to
5x10° CFU/mL for yeasts). The dried plant extracts were
dissolved in DMSO. The discs (6 mm diameter) were
impregnated with 20 UL of the extract (4 mg/disc) at a
concentration of 200 mg/mL and placed on the inoculated
agar. Negative controls were prepared using DMSO as
was used to dissolve the plant extracts. Positive controls
were prepared using tetracycline (30 pg/disc) n the case
of bacteria and amphotericin B (25 ug/disc) in the case of
yeasts. The plates noculated with non-fastidious bacteria
were incubated at 37°C for 24 h and for 48 h in the case
of yeasts. After incubation, all plates were checked for
inhibition zones and the diameters were measured in
millimeters. All experiments were carried out in triplicate.

Determination of MIC by agar dilution method

The non-fastidious reference bacteria and isolates were
tested according to the M7-A6 protocol, published by
CLSLI" According to this protocol, each extract was diluted
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and incorporated into MHA to create a series of plates with
concentrations ranging from 2.5 to 0.01 mg/mL. 2 UL of
1:10 dilution of a suspension with an equivalent turbidity
of 0.5 McFarland were used to inoculate the agar in order
to achieve 10" CFU per spot. After incubation for 24 h at
37°C, the plates were visually inspected to determine either
the growth or inhibition on the surface of each dilution
plate. Medium without the tested extracts were inoculated
with the strain cultures and used as controls. The MIC was
defined as the lowest concentration of antimicrobial agent
which prevented visible growth. The experiments were
repeated three times and the results were determined by
the modal value. In the case of yeasts, the protocol above
mentioned was slightly modified, the medium MHA was
supplemented with 2% glucose and the time of incubation
was increased to 48 h.

Antibiofilm activity

Antibiofilm activity was determined according to Raja ez 4/,
2011 with some modifications.!l In brief, the biofilms of
seven strains of S. aurens (ATCC 25923, MRSA 10/08,
MRSA 12/08, SA 01/10, SA 02/10, SA 03/10 and
SA 08) were prepared in 96-well flat-bottom polystyrene
microtiter plates. The bacterial suspensions were prepared
from the overnight grown culture (37°C, 250rpm) and
the turbidity of the suspension was adjusted to 0.7 O.D.
at 610nm (~1 x 10” CFU/mL). Twofold serial dilutions
of H. sericea extracts were prepared in 100 ul. volume
of tryptone soya broth (TSB) supplemented with 0.5%
glucose in the wells of 96-well flat bottom microtiter
plate. 40 UL of fresh TSB with 0.5% glucose was added
to each well, followed by the addition of 60 UL of above
bacterial suspension. This resulted in final inoculums of
6x107 CFU/mL in each well; the final concentrations of
the extracts ranged from 2.5 to 0.08 mg/ml.. The plate was
incubated 24 h at 37°C. After incubation, the planktonic
cells were removed from each well by washing two times
with 200 uWL of phosphate buffer saline (PBS). The
biofilms were fixed with 200uL. of methanol for 20 min,
stained with 100 uL of 0.1% (wt/vol) crystal violet for
10 min and rinsed thoroughly three times with 200 L. of
water. Negative control was prepared as mentioned above
replacing the inoculum volume by TSB. Biofilm formation
was quantified by the addition of 200 uL of 95% ethanol
to the crystal violet stained cells and then 100 uL was
removed for recording the absorbance at 595nm using
a microplate reader."!! This procedure was done, at least
three independent times.

Cytotoxic evaluation

Hemolysis assay

Freshly obtained EDTA human blood (A, Rh+) was
washed three times by centrifugation (2500 rpm for 10 min)
in PBS at room temperature (20-25°C). Buffy coat was

removed of the pellet and a 10% of red blood cells (RBC)
suspension was prepared in PBS (1x), aliquots of 2.5ml of
10% RBC suspension plus 500 UL of H. sericea extracts at
three different concentrations 0.5, 5 and 50 mg/mL were
shaken in a waterbath at 37°C. Next, 40 ul. of 2.5%
glutaraldehyde was added to 1mL of the mixture at 20
and 40 min to terminate the reaction. After that, they
were centrifuged at 2500 rpm for 15 min to allow broken
membranes and unbroken cells to settle at the bottom. For
100% hemolysis or positive control, 500 UL of 0.2% Triton
(in PBS) was added to 2.5 mL of 10% RBC suspension. The
supernatant was removed and the liberated hemoglobin in
the supernatant was measured spectrophotometrically as
absorbance at 541 nm. For negative control (0% hemolysis)
only 500uL of PBS and 2.5 mL of 10% RBC suspension
were used and DMSO control was done mixing 500 UL of
25% DMSO with 10% of RBC suspension. The experiment
was done in triplicate and mean % standard deviation was
calculated as follows: % Hemolysis = (Absorbance sample /
Absorbance positive control) x 100.*

MTT test

Cells were routinely maintained at 37°C in a humidified
atmosphere containing 5% CO,. Normal human dermal
fibroblasts (NHDF) were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS),
HEPES (0.01M), L-glutamine (0.02M), sodium
pyruvate (0.001N) and 1% antibiotic /antimycotic (10000
units/mL penicillin, 10 mg/mL streptomycin and
25 pg/mL amphotericin B). Dulbelco’s Modified Eagle’s
Medium (DMENM) high glucose supplemented with 10% FBS
and 1% antibiotic /antimycotic was used to culture human
breast adenocarcinoma cells (MCF-7). All the cells were used
between passages 3 to 10 in the experiments. Cell viability in
the presence of H. serieaextracts was studied using the method
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) according to a previous described procedure
with slight modifications.""”! Briefly, 500 L of cells were
seeded in 24-well plates (2x10* cells/well) in the culture
medium containing FBS and after 48h they were treated with
500 pL of four different concentrations (0.5, 0.167,0.017 and
0.008 mg/mL) of H. sericea extracts for 48h, with untreated
cells serving as control. At the end of incubation the media
in the wells was removed and replaced with 300 pl. of
MTT solution in fresh media and incubated at 37°C for
4h. Thereafter, media-containing MTT was removed and
formazan crystals were dissolved in 300 uL of DMSO and
20 uL of glycyl-glycine buffer (for stabilizing the colour)
were added. Then, 200 uL of the mixture above mentioned
was removed and absorbance was recorded in microplate
reader at 570 nm." The experiment was carried out in
triplicate and the extent of cell death was expressed as the
percentage of cell viability in comparison with control cells.
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RESULTS AND DISCUSSION

In this work, the antimicrobial activity of H. sericea
methanolic extracts against several strains of human
infecting microorganism was evaluated. Moreover the
antibiofilm activity and cytotoxic properties of the extracts
were studied. In our previous work we have analyzed the
phenolic composition of H. sericea extracts using RP-HPLC
and the main compounds present in extracts were
ferulic and p-coumaric acids.”! Moreover, other phenolic
compounds commonly found in plants were identified and
quantified in H. sericea methanolic extracts.!”

The diameters of inhibition zones for H. sencea extracts,
measured by disc diffusion assay, are presented in
Table 1. The strain of C. albicans was not inhibited by
the extracts and the extract of fruits does not inhibit the
growth of P. aeruginosa. Generally, Gram-positive bacteria
presented more susceptibility to all H. sericea extracts
than Gram-negative and yeast strains. The fruits extract
is the one which promotes less growth inhibition when
compared with the extracts of the other parts of H. sericea.
Contrariwise, all strains tested are more susceptible to the
stems extract, namely S. axrexs with an inhibition zone
of 19.50 mm. The growth of L. monocytogenes was largely
inhibited by all studied extracts. Relatively to the solvent
used to dissolve the extracts, DMSO does not inhibit
the growth of the microorganisms tested. In the case
of conventional antibiotic and antifungic, respectively
tetracycline and amphotericin B, the biggest diameters of
inhibition zones were found. The results obtained by disc
diffusion were promissory and indicate the potential use
of these extracts as antimicrobials.

The minimum mhibitory concentrations of extracts were
determined by agar dilution method and the results are
presented in Table 2. The Gram-positive strains present
lower MIC values than Gram-negative and yeast strains
which indicates that Gram-positive bacteria were the
most susceptible strains to the H. sericea extracts. The
difference in susceptibility between the Gram-negative and
Gram-positive bacteria to inhibition by plant extracts is
supported by other researchers.!'! Tt is not known exactly
why Gram-negative bacteria should be less susceptible but
it may be related to the outer membrane of Gram-negative
bacteria which endows the bacterial surface with strong
hydrophilicity and acts as a strong permeability barrier."’l
The morphological differences between Gram-positive
and Gram-negative bacteria could justify the different
sensitivity, namely because Gram-negative bacteria have
an outer phospholipidic membrane carrying the structural
lipopolysaccharide components, which cannot be found
in Gram-positive bacteria. This makes the cell wall
impermeable to lipophilic solutes, while porins constitute

a selective barrier to the hydrophilic solutes with an
exclusion limit of about 600 Da.l'"¥ The Gram-positive
bacteria should be more susceptible to the bioactive
compounds. Another explanation may be the inhibition
of the peptidoglycan synthests in Gram-positive bacteria,
by compounds present in the extracts.'”” In the case of
Gram-positive bacteria, MIC values of H. sericea methanolic
extracts ranged between 0.040 and 0.625 mg/ml., whereas
the fruits extract is the one with lowest MIC for several
strains of microorganisms, namely, S. aureus, B. cerens,
L. monocytogenes and clinical MRSA 10/08 and MRSA
12/08, which indicates a possible high antimicrobial activity.
Surprisingly, this extract is the one with smaller inhibition
zones; this fact can be probably due to the presence of
compounds in this extract which are difficult to spread on
the agar surface, but when they are diluted in agar present
a high antimicrobial activity. The results now obtained for
MIC values were smaller than the ones obtained by Ferreira
et al., 2011 in their study of antimicrobial activity of extracts
Cistus ladanifer and _Arbutus unedo, which are also shrubs
of Portuguese forests.!'"l Moreover, fruits extract had a
significant activity against some food-borne pathogens,
B. cerens and L. monocytogenes, indicating a potential use of
this plant extracts as food preservative.

In addition, since the extracts presented low MIC values
for §. anreus strains, ncluding clinical MRSA strains, it was
decided to evaluate the antibiofilm activity of them. Biofilms
are communities of surface-associated microorganisms
embedded in a self-produced extracellular polymeric matrix
that are notoriously difficult to eradicate and are a source of
many recalcitrant infections.!"'! Staphylococci are known to
form biofilms on an implanted medical device or damaged
tissues and these biofilms are difficult to disrupt."! The
effect of H. sericea extracts on S. aureus biofilm formation is
presented in Table 3. These extracts effectively inhibited the
biofilm formation of all studied strains of S. aureus, except in
the case of minor concentrations of fruits extract for S. azureus
ATCC 25923, probably because in the antibiofilm assay a
greater number of CFU was used than in the determination
of MIC, and in this sense the extract concentration available
to act on the microorganisms is reduced; or because the
sub-MIC concentrations can induce stress to the bacterial
cells and promote the biofilm formation. Generally, the
inhibition of S. axreus biofilm formation corresponds to the
inhibition of bacterial growth or cell death, but interestingly,
for sub-MIC concentrations the formation of biofilms is also
inhibited. Stems extract at 2.5 mg/ml. effectively eradicated
the biofilm of reference strain of . awreus and SA 01/10.
The total eradication of biofilm was also observed for fruits
extract (2.5 mg/mlL) to MRSA 12/10 which 1s in agreement
with MIC value of this extract for that strain (0.08 mg/mL).
To the best of our knowledge, this is the first report to
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Table 1: Diameter of inhibition zone (mm) of H. sericea methanolic extracts and controls. The results
are expressed in terms of meanzstandard deviation

Plant part/ S.aureus B.cereus L.monocytogenes E.coli P aeruginosa K.pneumoniae Candida Candida
control ATCC ATCC LMG 16779 ATCC ATCC 27853  ATCC 13883  tropicalis albicans
25923 11778 25922 ATCC 750 ATCC 90028

Stems 19.504£0.50 13.00+0.00 15.6740.58 8.33+0.58  10.50£0.71 12.33£0.58 15.67£0.58 6.00+0.00
Leaves 16.504£0.50 12.50+0.50 17.6740.58 7.67+0.58 9.0040.71 11.50+0.50 11.50+0.50  6.00+0.00
Fruits 10.00+£0.00 11.00+0.00 14.6740.58 6.50+0.50 6.00+0.00 10.67+0.58 9.50£0.50  6.00+0.00
Tetracycline 30.25+0.50 30.00+0.82 18.25+0.60 23.25+0.50  11.50+0.58 22.25+0.50 - -
Amphotericin B - - - - - - 21.50+0.58 20.33+0.58
DMSO 6.00+0.00 6.00+0.00 6.00£0.00 6.00+0.00 6.00+0.00 6.00£0.00 6.00£0.00  6.00+0.00

DMSO: Dimethylsulphoxide; ATCC: American type culture collection

Table 2: MIC values (mg/mL) of H. sericea methanolic extracts. The results are expressed as modal values
Plant  S. aureus B. cereus L. monocytogenes E. coli P.aeruginosa K.pneumoniae Candida Candida MRSA MRSA

part ATCC ATCC LMG 16779 ATCC ATCC 27853 ATCC 13883 tropicalis  albicans  10/08 12/08
25923 11778 25922 ATCC 750 ATCC 90028

Stems 0.315 0.625 0.315 2.500 1.250 0.625 1.250 1.250 1.250 2.500

Leaves 0625 1.250 0.315 >2.500 2.500 1.250 2.500 2.500 1.250 >2.500

Fruits 0.155 0.040 0.040 >2.500 2.500 >2.500 >2.500 >2.500 0.315 0.080

MIC: Minimum inhibitory concentration; ATCC: American type culture collection

Table 3: Effect of H. sericea extracts on the biofilm formation. The results are expressed as
meanzstandard deviation of optical density readings for crystal violet assays

Extracts Strains
Plant part Concentration (mg/mL) S. aureus ATCC 25923 MRSA 10/08 MRSA 12/08 SA 01/10 SA02/10 SA03/10 SA08
Stems 25 0.18+0.04 0.30+0.06 0.43+0.04 0.27+0.06 0.41+0.06 0.62+0.15 0.62+0.06
1.25 0.63+0.11 0.55+0.09 0.50+0.04 0.45+0.12 0.49+0.13 0.76+0.13 0.69+0.15
0.625 0.74+0.15 0.60+0.13 0.52+0.10 0.62+0.15 0.79+0.10 0.80+0.08 0.80+0.12
0.315 0.78+0.10 0.77+0.09 0.62+0.12 0.85+0.08 1.07+0.08 0.86+0.15 1.03+0.19
0.156 0.85+0.10 0.80+0.17 0.79+0.07 0.87+0.17 1.21+0.08 1.30+0.10 1.300.15
0.08 0.9840.13 0.87+0.11 0.93+0.12 1.00+0.10 1.35+0.08 1.35+0.14 1.35+0.20
Positive control 1.2740.15 1.19+0.15 1.01£0.18 1.70£0.19 1.50+0.13 1.50+0.15 1.50%0.16
Negative control 0.16+0.02 0.16+0.02 0.17+0.02 0.21+0.10 0.15+0.01 0.14+0.02 0.15+0.02
Leaves 25 0.38+0.05 0.42+0.07 0.2740.02 0.64+0.10 0.66+0.08 0.77+0.16 0.36+0.11
1.25 0.47+0.02 0.52+0.07 0.29+0.05 0.70+0.10 0.72+0.10 0.80+0.04 0.42+0.16
0.625 0.58+0.09 0.60+0.06 0.39+0.07 0.75+0.23 0.80+0.14 0.80+0.19 0.47+0.16
0.315 0.71+0.10 1.00£0.10 0.77#0.11  1.10£0.17 1.0740.20 1.01+0.18 0.72+0.10
0.156 1.01+0.16 1.10£0.10 1.20+0.11  1.12+0.22 1.10+0.15 1.30+0.16 0.72+0.11
0.08 1.08+0.15 1.1610.12 1.3040.10 1.2440.20 1.20+0.15 1.35+0.21 0.72+0.06
Positive control 1.26+0.15 1.20+0.14 1.35¢0.15 1.25#0.20 1.30+0.22 1.50+0.11 0.8410.18
Negative control 0.15+0.02 0.16+0.02 0.16+0.01 0.15+0.02 0.14+0.02 0.161+0.02 0.14+0.01
Fruits 25 0.65+0.10 0.33+0.06 0.21+0.10 0.31+0.01 0.55+0.16 0.72+0.14 0.58+0.12
1.25 0.66+0.18 0.32+0.13 0.26+0.07 0.31+0.03 0.55+0.17 0.80+0.18 0.76+0.20
0.625 0.67+0.16 0.61+0.12 0.28+0.07 0.53+0.10 0.80+0.16 1.20+0.05 0.77+0.18
0.315 1.05+0.16 0.744+0.10 0.87+0.10 0.96+0.12 0.92+0.20 1.35+0.07 1.07+0.17
0.156 1.33+0.07 0.83+0.12 0.99+0.09 0.98+0.15 1.10+0.15 1.41%+0.16 1.08+0.15
0.08 1.65+0.09 0.86+0.13 1.10+0.16  0.99+0.13 1.20+0.10 1.47+0.18 1.10+0.09
Positive control 1.2340.19 1.19+0.15 1.2040.17 1.10£0.20 1.30+0.10 1.55+0.11 1.20+0.09
Negative control 0.13+0.01 0.14+0.01 0.17+0.10 0.19+0.06 0.18+0.03 0.20+0.05 0.17+0.07

ATCC: American type culture collection; MRSA: Methicillin-resistant Staphylococcus aureus; SA: S. aureus
provide the evidence of the antimicrobial activity of . seriea  Given such a good antibacterial activity of H. sericea
and more specifically about its potential to preventas wellas  extracts, namely its action against S. aurexs biofilms,

to reduce the S. aurens biofilms formation. we can anticipate the use of these extracts for medical
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purposes, as disinfectants, or for industrial purposes, as
additives to prevent microbial growth. To be considered
as such, these extracts cannot be cytotoxic, or its
toxicity must be poor. The toxicity of H. sericea extracts
was accessed by hemolysis assay and MTT test. The
mechanical stability of the erythrocytic membrane is a
good indicator of the effect of various zz vitro damages
levied on it by various compounds for screening of
cytotoxicity and is dependent on their physical and
structural properties.!” The Figure la-c represents
the percentage of hemolysis of extracts. In the case
of stems and fruits extracts only for 50 mg/mL, high
percentage of hemolysis was caused but it is much higher
concentration than MIC value. There are no significant
differences between the percentage of hemolysis at 20
and 40 min of the assay. The results for the hemolysis
assay were similar to those previously published about
another plant extracts.!"”

Cytotoxicity evaluation of extracts was completed with
cell viability study with MTT test. MTT i1s a yellow,
water-soluble tetrazolium salt. The reduction of MTT
by the succinate dehydrogenase system of mitochondria
in metabolically active cells yields a water-insoluble
purple formazan product."” Fibroblasts (NHDF) and
epithelial cancer cells (MCF-7) were used in the present

study. Fibroblasts are mesenchymal cells with many vital
functions during development and in adult organisms.
They are among the most accessible normal mammalian
cell types and are used as a model for cancer initiation and
progression mechanisms.™! In addition, to evaluate the
potential anticarcinogenic properties of H. sericea extracts,
a human breast adenocarcinoma cell line (MCF-7) was
used. Figure 2a presents the relative cell viability of
NHDF and MCF-7 cells incubated with stems extract, in
concentrations ranging from 0-0.5 mg/mL. This extract
displayed bioactivity on MCF-7 cells, decreasing cells
viability by about 40%. For NHDF cells, stems extract
presents no cytotoxic properties. In this sense, it can be
said that this extract presents a selective toxicity because
its bioactivity was only observed in MCF-7 cells, even
in small concentrations. The leaves extract [Figure 2b]
are able to promote NHDF cells viability, which is a
different form of toxicity, and it can be considered a
carcinogenic extract. However, for MCF-7 cells decreased
viability was observed. The most surprisingly results were
found in H. sericea fruits extract [Figure 2c]. This extract
presented no toxicity towards NHDF cells, because its
viability is not altered in the presence of this extract but
for MCF-7 cells, 0.017 and 0.008 mg/mL, this extract was
able to decrease mitochondrial dehydrogenases activity
in about 60% as MTT test results had demonstrated,

-2 100 1 = 100 -
» »
> 80 - > 80 -
£ 60 - £ 60 -
3 @
= 40 - = 40 -
¥ 20 1 ¥ 20
0 - = 0 4 =
20 40 20 40
Time (min) Time (min)
n
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=z 100
> 80 A 5 mg/mL
e
£ 60 B 50 mg/mL
= 40 1 x W omr
20 - [ Positive Contro
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20 40
" . [] DMSO Control
Time (min)
Figure 1: Percentage of hemolysis in the presence of different concentrations of extracts: (a) stems; (b) leaves; (c) fruits (mean values + standard
deviation)
Pharmacognosy Magazine | January-February 2014 | Vol 10 | Issue 37 (Supplement) S11

82



Capitulo 2 - Publicacées

Luis, et al.: Biological activities of H. sericea

140
120 T
100 T mmam &
80 - i
60 -
40 -

% Cell Viability

0 - T T T
Control 0,5 0,167 0,017 0,008

% Cell Viability
8 38

Extract Concentration (mg/mL)

| 2]
B

o
o
o

w
o
}

Control 0,5
Extract Concentration (mg/mL)

0,167 0,017 0,008

140
120
100
80
60
40
20

% Cell Viability

Control 0,5
Extract Concentration (mg/mL)

0,167 0,017 0,008

B NHDF
MCF-7

Figure 2: Relative cell viability of NHDF and MCF-7 cells incubated with extracts, in concentrations ranging from 0-0.5 mg/mL: (a) stems; (b) leaves;

(c) fruits (mean values + standard deviation)

indicating a relevant cytotoxicity towards these cancer
cells. These results allow us to conclude that fruits extract
probably can be used as anticarcinogenic agent. These
changes in cell viability promoted by vegetal extracts
were also observed by other authors.”! In sum, H. sericea
extracts should be considered to treat human infections
because of its important biological activities and low
cytotoxic effects in human cells. In future works it will
be important to identify the compounds present in the
extracts, responsible for the above mentioned biological
activities.

CONCLUSION

In sum H. sericea 1s a potential source of bioactive
compounds with antimicrobial activity, namely against
several S. aurens strains, including clinical MRSA. The
antibiofilm activity of H. sericea extracts in S. aureus biofilm
formation was also demonstrated. Generally H. sericea
presents no toxic properties, in active concentrations,
against human erythrocytes. Fruits and leaves extracts
presents selective toxicity decreasing MCF-7 cells viability,
indicating potential anticarcinogenic properties. As far as
we know this is the first report about biological activities
of H. sericea.
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Hakea sericea has been introduced to Portugal for ornamental purposes. The phytochemical composition and the antioxidant. antibacterial, antibiofilm and
cytotoxic properties of this shrub species have been previously reported. The present work describes the bioassay-guided fractionation of the crude methanolic
extract of /1. sericea fruits and the isolation of 9-(3.5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid. The structure of this new compound was established by
one- and two-dimensional NMR and IR spectroscopy. and high-resolution mass spectrometry. The antibacterial properties of the new alkenylresorcinol were
studied by determining its MIC values against several strains of Gram-positive and Gram-negative bacteria using the resazurin microtiter assay. The new
alkenylresorcinol inhibited the growth of Enterococcus faecalis, Listeria monocytogenes and Bacillus cereus with MIC values of 0.31, 0.02 and 0.16 mg/mL,
respectively. Good MIC values were obtained against Staphylococcus aureus strains (0.005 — 0.16 mg/mL), including the clinical isolates (SA 01/10, SA 02/10

and SA 03/10) and MRSA strains.

Keywords: /{akea sericea Schrader. Bioassay-guided fractionation, Antibacterial activity. 9-(3.5-Dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid.

Hakea is a genus of shrubs and small trees native to South
Australia. Some taxa are disseminating very fast and have become
invasive species through both non-protected and protected areas of
New Zealand. South Africa and the Mediterranean basin. In
Portugal. H. sericea Schrader (family Proteacecae) has been
introduced for ornamental purposes and the formation of
hedgerows. especially near the coastline [1]. A key characteristic of
H. sericea is its extreme serotinous habit: all of its seeds are
retained in pairs in tough woody follicles. which accumulate along
the branches throughout the life of the plant [2].

In a previous report /7. sericea methanolic extracts were studied [3].
These demonstrated very good antioxidant properties. namely
radical scavenging activity of DPPH free radicals and the inhibition
of linoleic acid oxidation, which is an indicator of inhibition of lipid
peroxidation [3]. These antioxidant properties could be associated
with the presence of phenolics. tannins and flavonoids. It was also
found that 7. sericea possesses high concentrations of some
secondary metabolites, namely alkaloids [3].

Other researchers have studied Hakea spp. extracts and their
promising antimicrobial properties against Staphylococcus aureus
strains [1]. In a previous study focused on characterizing this shrub,
the crude methanolic extract of H. sericea fruits exhibited
pronounced antimicrobial activity, namely against S. aureus.
including some methicillin resistant strains, together with inhibition
of biofilm formation [4]. Moreover, it was also found that the fruit
extract presented no toxicity towards NHDF cells, whereas for
MCF-7 cells. this extract was able to decrease mitochondrial
dehydrogenases activity by about 60% in the MTT test. indicating a
relevant cytotoxicity towards these cancer cells and potential
anti-carcinogenic properties [4].

In the present study. the methanolic extract of H. sericea fruits
exhibited pronounced antimicrobial activity against S. aureus,
including some methicillin resistant strains (Table 1). Based on such
results it was decided to fractionate the extract to identify the

compounds responsible for such biological activity. The crude
methanolic extract was successively eluted with solvents of
increasing polarity using silica gel column chromatography. The
fractions were analyzed by TLC. which revealed the presence of
phenolics  (Folin-Ciocalteu’s reagent). flavonoids (aluminum
chloride). and antioxidant substances (DPPH).

Direct bioautography was used to evaluate the potential
antimicrobial activity of the fractions. The developed
chromatoplates were dipped into a cell suspension. and after
incubation, it was possible to visualize the inhibition zones by using
a vital dye. The evaluation of the activity was performed directly on
the adsorbent layer [5]. Some fractions demonstrated good
antimicrobial properties, especially for S. aureus strains. where
cream-white inhibition zones were observed indicating the
inhibition of growth. It was then possible to decide which fractions
could be pooled and which ones had some biological activity: nine
sub-fractions were obtained. The minimum inhibitory concentration
(MIC) of each one of them against three strains of S. aureus was
determined using the resazurin microtiter assay (Table 1).

Table 1: MIC values (mg/mL) of methanolic crude extract of H. sericea fruits and its
sub-fractions (modal values).

Sa i Crude Sub-fractions
Strain —

extract A B C F G H 1

S.aureus
ATCC 0.31 031 0.02 | 002 | 0.005
25923

0005 | 5 =10 | 0.005

MRSA

03 0.3 0.02 [i
10/08 1 0.31 0.08 0.02 D.08 I

0.02 5 ~10 0.02

MRSA

).3 5| 2
12/08 0.31 125 .08 | 002 0.08

0.02 5 >10 0.02

Resazurin. a blue colored redox dye. allows the detection of
microbial growth in extremely small volumes of solution in
microtiter plates without the use of a spectrophotometer [6]. This
assay is based on the ability of viable and metabolically active cells
to reduce resazurin to resorufin and finally colorless
dihydroresorufin [7]. The MIC value for some sub-fractions was
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slightly lower than that of the crude extract. Specifically.
sub-fractions C, D, F and I had the lowest MICs for S. aureus
strains. indicating a potential antimicrobial activity.

From Table 1, fractions D, F and I showed the best antibacterial
activity and. in addition, were the purest ones (only one spot on
TLC with some residual impurities). For that reason. these fractions
were then analyzed by NMR and IR spectroscopy. and HRMS to
elucidate the structure of the main compound responsible for the
biological activity. It was possible to conclude that one major
compound was present in all bioactive sub-fractions.

The compound was obtained as colorless oil. The IR spectrum
displayed absorptions at 3550 - 3200 (broad. s) and at 1710 cm,
indicating the presence of hydroxyl and carbonyl groups,
respectively. The HRMS of the compound exhibited a molecular
ion at m/z 278.151, which corresponded to the molecular formula
Ci6H2,0,. Analysis of the NMR spectra indicated that 9-(3.5-
dihydroxy-4-methylphenyl)nona-3(Z)-enoic acid (Figure 1) is the
main compound of all the sub-fractions collected from column
chromatography. giving a single spot on TLC. The 'H NMR
spectrum showed a pair of aromatic meta protons at & 6.16
(1 H-2, singlet) and & 6.07 (1 H-6. singlet). one aromatic methyl
group at 3 1.92 (3H. singlet). as well as vicinal protons belonging to
olefinic methines at 8 5.37 and 5.35 (2H, br t. J=9.5 Hz) and six
methylenes at 3 2.78 (2 H-8", m), 2.39 (2 H-1", t. J=14.5 Hz), 2.03
(2H-5".1.J= 11.9 Hz), 1.51 (2H-2". m) and 1.28 (H-3". H-4". m).

The "C NMR together with DEPT90 and DEPTI35 spectra
indicated a total of 16 carbons including one carboxylic group at
3 180, four quaternary carbons (3 159.8. 157.5. 145.7. 108.7),
four -CH. two of which are from one double bond at 3 131.2 and
129.3, and the others are aromatic protons at 3 107.8 and 107.5. The
13C DEPTI35 also showed one -CH; at 8 9.92 and six -CH, from
the alkyl chain at 8 36.9 (adjacent to the benzene), 32.5, 30.6, 30.4,
28.2. and 26.9.

The two-dimensional 'H-'"H COSY. 'H-'H TOCSY, 'H-"C HSQC
and "H-""C HMBC experiments supported the proposed structure.
The phase sensitive COSY revealed the coupling between the
methylene protons of the alkyl chain, such as, H-9 and H-8; H-8 and
H-6. H-7: H-6. H-7 and H-5: H-5 and H-4: H-2 and H-3. indicating
that they are adjacent to each other. The carbons bonded directly to
the different protons were identified from the HSQC spectrum (see
Table 2). Furthermore, in TOCSY, long-range correlations were
observed with H-3 and H-2, H-4, and H-4 and H-5. H-6. H-7.
confirming the assignment of the olefinic methines.

In the HMBC spectrum, the C-5 hydroxyl (at & 159.8) showed
*J correlation with H-6 at 8 6.07 and a quaternary carbon at 5 107.8.
Other *J connectivities were found for the quaternary C-3 hydroxyl
(at & 157.5) with the methy!l protons at 3 1.92 and H-2 at 3 6.16. The
alkyl protons H-9 (CH, at 8 2.39), in the HMBC spectrum, showed
strong correlations with quaternary C-1 at & 145.7. C-6 at  107.8
and C-2 at & 107.5, confirming the assignment of aromatic meta
protons (H-2 and H-6). A %/ correlation by alkyl protons H-2
(CH, at & 2.78) was found with the carbon of the double bond C-3
at 8 131.2 and the carboxyl carbon at 8 180.1. The alkyl protons
H-5 (CH, at & 2.03) exhibited strong >/ correlation to C-6 and C-7
(6 30.6 and 30.4, respectively) and to carbon C-4 of the double
bond at & 129.3 completing the assignments of all protons and
carbons for this molecule (Table 2).

Luis et al.

Figure 1: Structure of 9-(3.5-dihydroxy-4-methylphenyl)nona-3(Z)-cnoic acid.

Table 2: 'H and C, DEPT90 and DEPTI35 spectral data of 9-(3,5-dihydroxy-4-
methylphenyl)nona-3(Z)-enoic acid in DMSO-d,.

Position 'H § (ppm), multiplicity and /| “C, DEPT0 and DEPT135 & (ppm)
1 5 145.7 ()
2 6.16 (1H, s) 107.5 (CH)
3 - 157.5 (C-OH)
4 1,92 (3H. 5) 9.92 (CH;): 108.7 (C)
5 - 159.8 (C-OH)
6 6.07 (1H, 5) 107.8 (CH)
9 239 (2H,1,J-14.5Hz) 36.9 (CH,)
8 1.51 (2H, m) 32.5 (CHy)
6and7 1.28 (2H, m) 30.6 (CH,): 30.4 (CH.)
5 2,03 (2H, 1, J-11.9 Hz) 28.2 (CH,)
4 537 (IHbr(,./=9.5 Hz) 131.2 (CH)
3 5.35 (IH, brt,J =9.5 Hz) 129.3 (CH)
2 278 2 H, m) 26.9 (CH,)
1 - 180.1 (COO)

Previous studies with other Hakea species led to the isolation and
identification of 5-alkylresorcinols that cleave DNA [8]. The
chemical and biological properties of other resorcinols isolated from
plants are well described. namely their cytotoxic [9.10],
anticarcinogenic [11], antiproliferative [12], antileishmanial [13]
and antioxidant properties [14].

The antimicrobial activity of the new resorcinol was tested against
several strains of Gram-negative and Gram-positive bacteria. using
the resazurin microtiter assay (Table 3). Very good antibacterial
properties were demonstrated against the Gram-positive strains,
with inhibition of the growth of E. faecalis, L. monocytogenes and
B. cereus with MIC values of 0.31, 0.02 and 0.16 mg/mL.
respectively. Good MIC values (0.005 — 0.16 mg/mL) were
obtained for S. aureus. including the clinical isolates SA 01/10, SA
02/10 and SA 03/10, and MRSA strains. This is consistent with the
phenolic nature of the compound.

Table 3: MIC values (mg/mL) of 9-(3.5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic
acid) (modal valucs).

Strain MIC (mg/mL)
Salmonella typhimurium ATCC 13311 >3
Pseudomonas aeruginosa ATCC 27853 >3
Escherichia coli ATCC 25922 >
Kiebsiella pneumoniae ATCC 13883 >
Enterococcus faecalis ATCC 29212 031
Bacillus cereus ATCC 11778 0.02
Listeria monocytogenes LMG 16779 0.16
Si lococcus aureus ATCC 25923 0.005
| MRSA 10/08 0.02
MRSA 12/08 0.02
aureus SA 01/10 0.16
S._aureus SA 02/10 0.16
S, aureus SA 03/10 >5

By comparing the MIC results for the new compound against
S. aureus strains with those obtained for the sub-fractions D. F and I
of H. sericea fruits, it is possible to verify that the values are very
similar (Tables 1 and 3), indicating that the antimicrobial activity of
the extracts is probably due to the new alkenylresorcinol derivative.
However. the new resorcinol was not inhibitory to Gram-negative
strains of bacteria, probably due to its large chemical structure.
which prevents its entry into those bacteria. It is not known exactly
why Gram-negative bacteria should be less susceptible, but it may
be related to the outer membrane of Gram-negative bacteria, which
endows the bacterial surface with strong hydrophilicity and acts as a
strong permeability barrier [15].
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Alkenylresorcinol derivative from Hakea sericea fruits

In conclusion. in this work a new alkenylresorcinol derivative,
9-(3.5-dihydroxy-4-methylphenyl)nona-3(Z)-enoic ~ acid.  was
isolated and characterized from the methanolic extract of /1. sericea
fruits. This compound demonstrated very good activity against
Gram-positive bacteria. It was possible to conclude that the
antimicrobial activity of this shrub is probably due to the new
alkenylresorcinol derivative.

Experimental

Plant material: Fruits of H. sericea were collected in Serra da
Estrela (GPS coordinates: N 40°20.296°: W 07°27.491"; Altitude:
730 m). Plant materials were dried at 35°C in a ventilated oven for
48 h and reduced to a coarse powder (< 2 mm) using a laboratory
cutting mill. Harvesting, transport and storage of this plant species
were authorized by the Portuguese Institute for Nature
Conservation and Biodiversity (ICNB). The species was identified
by a botanist and a voucher specimen (No. LISI 13/2011) has been
deposited in the Herbarium of the Instituto Superior de Agronomia
(Jardim Botanico d’Ajuda, Lisboa).

General: IR, Thermo Scientific Nicolet iS10 ATR-FTIR
spectrophotometer; HRMS. microTOF(focus) mass spectrometer
(Bruker Daltonics, Bremen, Germany): 1D and 2D NMR, Bruker
Avance I1I 600 MHz spectrometer.

Extraction procedure: The methanolic extract of . sericea fruits
was obtained with a Soxhlet apparatus until the solvent became
colorless. using approximately 100 g of raw material and 1000 mL
of solvent. The extract solutions were filtered under vacuum using a
crucible of porosity #2 and then distilled under reduced pressure
until a final volume of 100 mL. Prior to use. the extracts were dried
using a rotary evaporator under reduced pressure, and then
dissolved in dimethyl sulfoxide (DMSO).

Bioassay-guided fractionation and isolation: Based on the results
of exploratory TLC, the methanolic crude extract of H. sericea
fruits was fractionated by CC using silica-gel 60 (0.06-0.2 mm: 70-
230 mesh) packed in light petroleum/diethyl ether (7:3). Elution
was performed stepwise with solvents of increasing polarity.
starting with light petroleum containing increasing amounts of
diethyl ether and then eluted sequentially with chloroform, ethyl
acetate, methanol and water. Fractions of 10 mL were recovered
and the course of elution was monitored by TLC. Solvents were
removed using a rotary evaporator at 45°C. The fractionation
process was repeated 4 times to achieve greater amounts of each
fraction. At the end. 25 fractions were obtained. The fractions were
analyzed by TLC using precoated TLC plates (silica-gel 60 F,sy
aluminum sheets) eluted with two different polarity mixtures of
solvents. as mobile phase: chloroform/ethyl acetate (1:1) and ethyl
acetate/methanol (1:1). Fractions were dissolved in methanol and
aliquots were applied to TLC plates. After elution. plates were
visualized under visible and ultra-violet light (254 and 365 nm).
Folin-Ciocalteu’s reagent (0.2 N) was also used to identify
phenolics; aluminum chloride (10%) for flavonoids: and methanolic
solution of DPPH (40 pg/mL) for antioxidant activity. Quercetin,
gallic. caffeic and chlorogenic acids (5 mg/mL) were used as
positive controls. The fractions with the same Ry value for the major
spot were pooled together and thus the number of fractions was
reduced from 25 to 5. These were sub-fractionated under the same
conditions in order to obtain the purest fractions possible. Finally, 9
sub-fractions (A: 278.0 mg: B: 173.8 mg: C: 135.2 mg: D: 80.0 mg:
E: 48.5 mg: F: 52.4 mg: G: 32.3 mg: H: 3.5 g: I: 499.4 mg) of the
initial methanolic crude extract of H. sericea fruits were obtained
and used to evaluate potential antimicrobial activity.
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9-(3,5-dihydroxy-4-methylphenyl)nona-3(Z2)-enoic acid
Colorless oil

IR: Absorptions at 3550 - 3200 (broad. s) and at 1710 cm™.
'H and "*C NMR: Table 2.

MS: m/z 278.151, corresponding to the
Ci6Hp04.

molecular formula

Antimicrobial activity

Test microorganisms and culture media: The antimicrobial studies
were carried out against 13 bacterial strains (Gram-positive:
Enterococcus faecalis ATCC 29212, Bacillus cereus ATCC 11778,
Listeria monocytogenes LMG 16779, Staphylococcus aureus ATCC
25923, clinical isolates of S. aureus SA 01/10. SA 02/10, SA 03/10
and methicillin-resistant S. aureus MRSA 10/08 and MRSA 12/08:
Gram-negative:  Salmonella  typhimurium  ATCC 13311,
Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC
25922 and Klebsiella pneumoniae ATCC 13883). Stock cultures
were prepared and stored with 20% glycerol at -80°C. The strains
were sub-cultured on an appropriate agar plate 24 h prior to any
antimicrobial test and when cultured from stock. they were sub-
cultured before use. Brain Heart Infusion Agar (BHI) was used for
the growth of bacterial species.

Bioautography: After clution. the TLC plates were subjected to
direct bioautography [16]. The TLC plates spotted with sub-
fractions were manually immersed (for about 10 s) in the bacterial
suspensions. The inoculum was prepared by diluting 1:10 in Miiller-
Hinton broth (MHB) the direct bacterial suspension in saline
solution of 0.5 McFarland (about 1-2x10* CFU/mL to non-
fastidious bacteria). Then, TLC plates were placed in a moistened
plastic box lined with wetted paper and incubated at 37°C for 18 h.
After incubation, they were sprayed with 0.2% MTT aqueous
solution and incubated again at 37°C for 30 min. One drop of
TritonX-100/10 mL aqueous MTT was found to enhance the
intensity of the color. In places with antimicrobial compounds,
cream-white inhibition zones were observed [17].

Resazurin microtiter assay: The antimicrobial activity of crude
extract. sub-fractions and new compound was assessed using
resazurin microtiter assay. Plates were prepared under aseptic
conditions. A sterile 96 well plate was labeled. A volume of 100 pL
of sub-fractions in 10%. v/v, DMSO (stock concentration of 20
mg/mL in MHB) was pipetted into the first row of the plate. To all
other wells 50 pL of MHB was added. Serial dilutions were
performed using a multichannel pipette. Tips were discarded after
use such that each well had 50 pL of the test material in serially
descending concentrations. To each well, 10 pL of resazurin
indicator solution (0.1 % diluted in MHB) was added. Using a
pipette, 30 pL of fresh MHB was added to each well. Finally, 10 pL
of bacterial suspension (0.5 McFarland) was added to the wells.
Each plate was wrapped loosely with cling film to ensure that
bacteria did not become dehydrated. Each plate had a set of
controls: a column with a broad-spectrum antibiotic as a positive
control, a column with all solutions with the exception of the test
compounds. and a column with all solutions with the exception of
the bacterial suspension, adding the respective volume of MHB
instead. The plates were prepared in triplicate. and placed in an
incubator set at 37°C for 18 h. The color change was then assessed
visually. Any color changes from purple to pink or colorless were
recorded as positive. The lowest concentration at which change
occurred was taken as the Minimum Inhibitory Concentration
(MIC) value [6].
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Direcao de Marcas e Patentes
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PATENTE DE INVENCAO Data: 20130823 |

Ref. DP/01/2013/26651 NACIONAL n.° 107033 |

OFicIO

Junto se envia a o relatorio de pesquisa relativo ao pedido provisorio n.° 107033, recebido a
2013.07.01.

Este relatério destina-se a permitir uma primeira avaliagdo da matéria técnica contida no
pedido provisério submetido bem como a respetiva comparacdo com o|estado da técnica
divulgado a data do pedido. Este relatério ndo possui um caracter vipculativo ja que a
afericdo da possivel patenteabilidade s6 podera ser feita aquando da |analise do pedido
definitivo em sede de exame da invencéo.

Mais se informa que, nos termos n.° 1 do artigo 62.°-B do Cédigo da Propriedade Industrial,
para que o presente pedido tenha continuidade, o mesmo devera ser convertido em pedido
definitivo antes de expirado o prazo de 12 meses a contar da data da Lua apresentacgao,
acompanhado dos elementos previstos nos artigos 61.° e 62.° devidamente redigidos em
Lingua Portuguesa. Caso nao seja efetuada a conversao, o pedido sera cansiderado retirado,
nos termos do n.° 6 do citado artigo.
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Informa-se ainda que a referida conversao podera ser efetuada eletronicamente, através dos
servigos do Portal www.inpi.pt (sendo necessaria a utilizagao de certificado digital) ou através
da apresentagao, presencial ou via postal, do formularioc PatMut-3 e do |respetivc meio de
pagamento, no valor de 72,97€ (se o ato for praticado por via eletrdnica) ou de
145,93€ (se o ato for praticado via presencial/postal). Caso a apresenta seja feita por via
postal, o formulario devera ser acompanhado de cheque ou vale postal emitido a favor do
Instituto Nacional da Propriedade Industrial.

Com os melhores cumprimentos,

" .

/KZ“S“‘-«‘; b mp
Susana Armario
Técnica Superior
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o aureus multiresistant strains” s
SOUTH AFRICAN JOURNAL OF BOTANY |
Vol. 81, pp 40 — 43, 2012-05-21
Todo o documento.
Wang H., et. al, “Prenylated bisresorcinols from
| Grevillea floribunda”
= | PHYTOCHEMISTRY LETTERS, ELSEVIER —
Vol. 2, n® 1, pp 41 — 45, 2009-02-19
; Todo o documento
"' Campos a preencher r:alcaso do pedido provisério de patente conter reivindicacdes
A Documento que define o estado da técnica em geral e i 1 Documento publicado depois dq data de pedido ou pricridade
que n#o se considera ser de particular relevancia, e que n3o estd em confiito com o padidc mas que & citado
para compreender o principio ou teoria subjacente 2 invengao
€ Pedido de patente anterior mas gue & publicado na |
mesma data ou em data postencr a do pedido, .y Documento de particular relevancia; a invengdo reivindicada
n@o pode ser considerada nova pu pode nda implicar atividade
p: Documento que pode lancar dividas sobre a i iva quando o é 1 :
reivindicagdo de pricridade, ou gue é citado para
estabelecer a data de publicagac de outra citag8o ou 5 ¥ Documento de particular relevdncia. a invengao reivindicada
qualquer cutra razdo (como especificado); nd3o pode ser considerada como tendo implicado atividade
inventiva quandc o documento & combinado com um ou mais
0 Documento que se refere a uma dvuigagao oral, uso deste tipc de documentos, dadd que a combinacio & evidente
exibicao ou qualquer outro meic para um perito na especialidade|
* Documento publicade antes da data de pedido mas & Documento membro da mesma familia de documentos de
depois da data de prioridade patente:
q k 149-035 Lishoa - Portuga
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Categoria"?

Identificagdo do documento e da passagem relevante

Reivindicacoes
relacionadas "

Toda o documento

Jiménez-Romero C., et al, “Hydroxyalkenylresorci-
nols from Stylogyne turbacensis”
Journal of natural products

Vol. 70, n® 8, pp 1248 — 1252, 2007-07-13

Todo o documento.

Lopez P., et. al., “Comparative Antioxidant Activity of
an Extract of Lithraea molleoides and an Isolated 5-
alkyl Resorcinol Derivative. Effects on the

Proliferation of Normal and Tumoral Lymphocytes”
PHYTOTHERAPY RESEARCH
Vol. 25, n® 2, pp 271 — 276, 2011-02

Sanchez L.A., et al, “Two new alkylresorcinols from

Homalomena wendlandii and their cytotoxic activity’
NATURAL PRODUCT COMMUNICATIONS
Vol. 7, n° 8, pp 1043 — 1046, 2012

Resumo.

Chuang T.H., et al, “Cytotoxic S5-alkylresorcinol
metabolites from the leaves of Grevillea robusta”
JOURNAL OF NATURAL PRODUCTS

Vol. 70, n° 2, pp 319 — 323, 2007-02

Todo o documento

Angelo L., ef. al, “Bioactive compounds, RP-HPLC
analysis of phenolics, and antioxidant activity of

some Portuguese shrub species extracts”
NATURAL PRODUCT COMMUNICATIONS
Vol. 6, n° 12, pp 1863 - 1872, 2011-12
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exibigao ou qualquer outro meio;

Documento publicado antes da data de pedido mas
depois da data de prioridade
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inventiva quando o documento

A Documento que define o estado da técnica em geral e = Documento publicado depois dd data de pedido ou proridade
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- CHEMICAL RESEARCH IN TOXICOLOGY s
Vol. 1, n® 4, pp 204 — 207, 1988
Todo o documento.
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cytotoxic activity of the constituents isolated from
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Todo o documento.
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COMENTARIOS DO EXAMINADOR

Identificagdo da Invengéao

O documento apresentado, nos termos da alinea e) do n® 2 do artigo 62
Propriedade Industrial (CPIl), com o Pedido Provisério de Patente (F

P-A do Cédigo da
PPP) em estudo

contém matéria técnica pesquisavel. Como tal, foi efetuada a pesquisa ao estado da

técnica disposta no n° 4 do mesmo artigo.

A referida pesquisa foi feita com base nas caracteristicas técnicas
percecionadas como relevantes nos elementos apresentados pelg
prematura, neste momento, uma opinido pormencrizada quanto ag
patenteabilidade. Assim, os comentarios seguintes refletem, globalmente

identificadas e
requerente. E
bs requisitos de
a relevancia dos

documentos do estado da técnica para as referidas caracteristicas técnicas.

Pesquisa ao Estado da Técnica (artigo 56° do CPI)

A pesqguisa efetuada ao estado da técnica, referente ao presente PPP
seguintes caracteristicas técnicas: acido 9-(3,5-dihidroxi-4-metilfenil)
derivados de alquinilresorcinol obtidos por extracdo a partir de frutos d
Schrader; atividade antimicrobiana do composto.

incidiu sobre as
nona-3(z)-enoico;
e Hakea sericea

Os documentos encontrados na pesquisa ao Pedido Provisorio de Patette, efetuada nos

termos do n° 4 do artigo 62°-A do CPI, tidos como os mais relevantes, pal

a ser referidos como:

D1. Antimicrobial activity of selected extracts from Hakea salici
sericeae (Proteaceae) against Staphylococcus aureus multiresis

D2. Prenylated bisresorcinols from Grevillea floribunda
D3. Hydroxyalkenylresorcinols from Stylogyne turbacensis

D4. Comparative Antioxidant Activity of an Extract of Lithraea molleq
isolated 5-alkyl Resorcinol Derivative. Effects on the Proliferatiq
and Tumoral Lymphocytes

sarao doravante

lia and H.
ant strains

vides and an
n of Normal
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D5. Two new alkylresorcinols from Homalomena wendlandii and their cytotoxic

activity

D6. Cytotoxic 5-alkylresorcinol metabolites from the leaves of Grevillga robusta

D7. Bioactive compounds, RP-HPLC analysis of phenolics, and antioxidant

activity of some Portuguese shrub species extracts
D8. 5-Alkylresorcinols from Hakea amplexicaulis that cleave DNA

D9. Alkenylresorcinols and cytotoxic activity of the constituents i
Labisia pumila

solated from

D10. Grevillosides A-F: Glucosides of 5-alkylresorcinol derivatives from leaves of

Grevillea robusta

Os documentos acima referidos antecipam o facto de derivados de alquirtlresorcinol ou de

resorcinol possuirem atividades antimicrobianas e anticancerigenas. E
também antecipam que os referidos compostos podem ser extraidos de
incluindo as plantas do género Hakea e, em especial, da espécie Hakea s
Verifica-se, assim, que todos os documentos acima citados diferem

estudo por ndo mencionarem, especificamente, o composto derivado de

tes documentos
diversas plantas,
sericea.

da inveng@o em
alquinilresorcinol

que constitui a invengdo, i.e., o acido 9-(3,5-dihidroxi-4-metilfenil)nona-3(z)-endico.

De notar que a comparagao da invengao face ao contetido dos documentos D5 e D7 foi

incompleta visto que, & data da realizagdo do presente relatério, a exami
tinha acesso ao conteudo completo destes documentos, pelo que sd
contetdo do resumo dos mesmos.

Conclusao

nadora ainda nao
foi analisado o

Em concluséo, considera-se que os documentos acima citados nao paregem comprometer

o potencial de patenteabilidade da invengdo, considerando o facto de gue nenhum dos

documentos acima identificados antecipa o acido 9-(3,5-dihidroxi-4-metilfenil)nona-3(z)-

enoico.

M0E29.02

1
\

roa- Portugs
atmi@npLpd
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Observacoes finais

Informa-se ainda que a presente pesquisa e respetivos comentarios, ndo possuem
caracter vinculativo, podendo ser alterados em sede de exame da invencdo, caso a

conversao do pedido venha a ser realizada.

Recorda-se também que no ambito do estabelecido pelo n® 2 do artigo 62°-B do CPI,
quando as reivindicagdes do pedido definitivo ndo tenham base nos elementos incluidos
na apresentagao do pedido provisorio, a prioridade do pedido no que re
reivindicagbes conta-se da data da apresentacao da matéria técnica que lhes serve de
base.

Caso entenda complementar a matéria apresentada no pedido em causa, sugere-se que
apresente novo PPP com a totalidade da matéria técnica que entender relevante,
devidamente enquadrada no mesmo conceito inventivo. Este cenario & preferivel em
relacdo a outro que consista em adicdo de matéria técnica ao mesmo PPP, caso venha a
optar por uma internacionalizagdo do pedido de protecao para a invencéo. Assim, evitar-
se-a que autoridades de patentes estrangeiras possam considerar invalidas as datas de
prioridade das matérias técnicas, quando aditadas no ambito de um unica PPP.

que o pedido &
considerado retirado de acordo com o n° 6 do artigo 62°-B do CPI, nao seéndo considerado

Caso opte por nao proceder a conversdo em pedido definitivo informa-

para efeitos do estado da técnica, uma vez que nédo € sujeito a publicagdo no Boletim da
contida no PPP
rte do estado da

Propriedade Industrial. Lembra-se, neste contexto, que caso a matéri
seja alvo de publicagao a qual o INPI é alheio, a referida matéria fara p.

técnica.

Instituto Nacional da Propriedade Industrial, 2013.08.23

Ledhs

Susana Armaria
Técnica Superior

M0629.02 st mfRinpip
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CONVENTO DE SANTO ANTONIO

COVILHA

6200-001 COVILHA

Diregdo de Marcas e Patentes
Departamento de Patentes e Modelos de Utilidade

[ReF DMP/IDGD/01/2014/435160 | PATENTE DE INVENGAO NACIONAL n? 107033 [Data: 201401767 |

OFIicIO

Nos termos do n° 7 do artigo 62°-B do Cddigo da Propriedade Industrial (CP1), informa-se que o prazo para
conversao do pedido provisério de patente em pedido definitivo expira em 01/07/2014.

Assim, nos termos do n° 1 do mesmo artigo, devera apresentar, antes do fim do prazo acima indicado, os
seguintes elementos, devidamente redigidos em Lingua Portuguesa:

- reivindicagdes do que é considerado novo e que caracteriza a invengao (atengdo! quando as
reivindicagbes nao tenham base no documento apresentado aquando da submissao do pedido provisério, a
prioridade do pedido definitivo conta-se da data das referidas reivindicagdes e ndo da data do pedido
provisorio, nos termos do n°® 2 do referido artigo);

- descrigd@o do objeto da invengao;

- desenhos necessarios a perfeita compreensao da descrigao;

- resumo da invengéo.

A apresentagéo de todos estes elementos devera respeitar os requisitos formais previstos nos artigos 61° e
62° do CPI e no Despacho Regulamentar do Presidente do Conselho Directivo do Instituto Nacional da

Propriedade Industrial.

Mais se informa que, nos termos do n° 6 do artigo 62°-B do CP, a falta de apresentacao atempada destes
elementos conduz a que o pedido provisério seja considerado retirado.

Informa-se ainda que a referida conversao podera ser efetuada eletronicamente, através dos servigos do
Portal www.inpi.pt (sendo necessaria a utilizagao de certificado digital) ou através da apresentag&o,
presencial ou via postal, do Formulario PatMut.-3 e do respetivo meio de pagamento, no valor de 72,97 € (se
o ato for praticado por via eletrénica) ou de 145,93 € (se o ato for praticado via presencial/postal). Caso a
apresentagéo seja feita por via postal, o formulario devera ser acompanhado de cheque ou vale postal
emitido a favor do Instituto Nacional da Propriedade Industrial.

M0395.02 Campo das Cebolas - 1149-035 LISBOA - PORTUGAL
Telfs (351) 218 818 100 Linha Azul (351) 808 200 839
Fax (351) 218 883 720 Intemet: www.inpi.pt
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Staphylococcus aureus is a Gram-positive pathogen which is able to form biofilms, exhibiting a more pronounced
resistance to antibiotics and disinfectants. The hurdles posed in eradicating biofilms have driven the search for new
compounds able to fight these structures. Phenolic compounds constitute one of the most numerous and ubiquitous group
of plant secondary metabolites with many biological activities. The aim of the present work was to study the potential
antimicrobial and antibiofilm properties of gallic, caffeic, and chlorogenic acids against S. aureus as well to elucidate its
mechanism of action. It was concluded that the phenolic acids studied in this work have antistaphylococcal properties.
For instance, gallic acid is able to influence the adhesion properties of S. aureus. The phenolic acids tested were also
able to inhibit the production of a-hemolysin by this microorganism, with the exception of chlorogenic acid. Regarding
its mechanism of action, caffeic acid interferes with the stability of the cell membrane and with the metabolic activity of

the cells of S. aureus.

Keywords: gallic acid; caffeic acid; chlorogenic acid; S. aureus; biofilms

Introduction

There is a natural tendency for microorganisms to attach
to abiotic and biotic surfaces, to multiply and to embed
themselves in a slimy matrix of extracellular polymeric
substances (mainly proteins and polysaccharides),
resulting in a biofilm (Sandasi et al. 2010; Borges et al.
2012). Biofilms are commonly associated with many
health problems (eg periodontal disease, endocarditis,
osteomyelitis, cystic fibrosis, and infections related to
surgical implants) (Raja et al. 2011) contributing to
>80% of all infections in humans. A particular character-
istic of biofilms is their extreme resistance to antibiotics
and disinfectants compared to their planktonic counter-
parts (Sandasi et al. 2010; Raja et al. 2011; Borges et al.
2012). Moreover, the emergence of antimicrobial-
resistant bacteria clearly shows that new strategies for
the control of biofilms are required (Borges et al. 2012).
Staphylococcus aureus is a Gram-positive pathogen
which is able to form biofilms and to cause an array of
diseases, ranging from minor localized skin lesions to
life-threatening deep tissue damage and systemic infec-
tions, such as pneumonia, endocarditis, and exotoxin
syndromes (Cotter et al. 2011; Qiu et al. 2011). Addi-
tionally, S. aureus is an important food-borne pathogen
that causes staphylococcal gastroenteritis and food
poisoning in humans. S. aureus has the potential to
produce a large number of secreted and cell wall-related
virulence factors, such as a-hemolysin and enterotoxins,
that contribute to the diversity of S. aureus-associated

illnesses (Qiu et al. 2010, 2011). a-Hemolysin is a
33 kDa pore-forming protein that has cytolytic,
hemolytic, and dermonecrotic activities. Many strains of
S. aureus carry resistance genes for penicillin antibiotics,
tetracyclines, methicillin, and more recently vancomycin.
Methicillin-resistant  S. aureus (MRSA) presents a
significant threat to public health and is a major clinical
concern (Quave et al. 2008).

Phenolic compounds or polyphenols, such as gallic,
caffeic, and chlorogenic acids, constitute one of the most
numerous and ubiquitous group of plant secondary
metabolites (phytochemicals), which exhibit a wide range
of biological effects. Gallic acid is commonly found in
diverse tea leaves, oak bark, and grape seeds, while other
vegetables, plants, coffee, and tea are good sources of
caffeic and chlorogenic acids (Gonthier et al. 2006;
Borges et al. 2012).

A model for the mode of action of phenolic
phytochemicals was developed by other researchers
(Kwon et al. 2007) based on the rationale that small
phenolics in phytochemical profiles could behave as pro-
line analogs or proline analog mimics and likely inhibit
proline oxidation via proline dehydrogenase (Kwon et al.
2007). Moreover, these inhibitory effects of phenolic
phytochemicals should be overcome by proline if the site
of action is proline dehydrogenase (Kwon et al. 2007).
Previous studies have provided clues in animal cell and
bacteria model systems that phenolics could modulate a
cellular redox response through a proline-linked pentose

*Corresponding author. Email: fdomingues@ubi.pt
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phosphate pathway (Kwon et al. 2007). If proline
dehydrogenase is inhibited by the phenolics, the energy
metabolism of the bacterial cells is committed. There-
fore, the rationale for the proline growth response assay
was to evaluate whether small phenolics behave as pro-
line analogs or proline mimics and, if so, could they
inhibit proline oxidation via proline dehydrogenase at the
plasma membrane level in a prokaryotic cell, thus
inhibiting bacterial growth (Kwon et al. 2007). If this is
the case, then the addition of proline could overcome the
inhibition of proline analog-type phenolics with an
aromatic ring structure.

This study was undertaken to investigate, for the first
time, the in vitro anti-biofilm potential of gallic, caffeic,
and chlorogenic acids against S. aureus including clinical
isolates of MRSA. The effect of phenolic acids was
studied on biofilm formation and on 24 h-established
biofilms, quantifying the total biomass of the biofilm and
evaluating the metabolic activity of the biofilm cells.
Moreover, the morphogenesis of biofilm cells was
monitored by scanning electron microscope (SEM) and
the free energy of adhesion between bacteria and poly-
styrene was studied using the method of sessile drop
contact angle measurement. Additionally, the effect of
sub-inhibitory concentrations of the phenolic acids on
the inhibition of a-hemolysin production by the strains
of S. aureus was studied. To complete the overview of
this work, the potential mechanism of action of these
compounds was evaluated using a flow cytometry
approach and the proline assay.

Materials and methods
Phenolic acids

Gallic, caffeic, and chlorogenic acids were obtained from
Sigma-Aldrich. In this work, gallic acid was dissolved in
ultrapure water and caffeic and chlorogenic acids were
tested in dimethyl sulfoxide (DMSO, Sigma).

Test microorganisms and culture media

Three strains of S. aureus were used in this study: one
reference strain S. aureus ATCC 25923, purchased from
the American Type Culture Collection (ATCC) and two
MRSA-resistant clinical isolates, MRSA 10/08 and
MRSA 12/08. Stock cultures were prepared and stored
with 20% glycerol at —80°C. The strains were
sub-cultured on Brain Heart Infusion (BHI) agar plates
24 h prior to any antimicrobial test and when cultured
from stock, they were sub-cultured before use.

MIC determination

The Minimum Inhibitory Concentration (MIC) value of
the pure phenolic compounds (gallic, caffeic, and

chlorogenic acids) for the strains of S. aureus was
determined using the microdilution method according to
the Clinical and Laboratory Standards Institute (CLSI)
standard protocol (M7-A6 2003).

Mechanism of action
Proline assay

The inoculum was prepared by direct suspension in
sterile saline solution until a cell suspension of 0.5
McFarland (~ 1-2 x 10® CFU ml™") was obtained. Bac-
terial lawns of S. aureus were obtained in Petri dishes
containing Miiller-Hinton agar. Proline was added into
the medium to a final concentration of 0, 0.5, 1.0, and
5.0 mM. Individual phenolic compounds (gallic acid,
caffeic, and chlorogenic acids) were added to paper disks
6 mm in diameter (2.0 mg of phenolic acids per disk).
Saturated disks were placed onto the surface of seeded
agar plates. Plates were incubated at 37 °C for 24 h. The
diameter of inhibition zone surrounding each disk was
measured and the zone of inhibition was determined
(Kwon et al. 2007). Experiments were conducted in
triplicate.

Exposure of bacteria to phenolic acids for study of flow
cytometry

Bacterial suspensions for flow cytometry experiments
were prepared according to the method previously
described by Silva et al. (2011). S. aureus ATCC 25923
and MRSA 10/08 cells were obtained from exponentially
growing cultures in BHI broth at 37°C and 250 rpm
after growth for 3 h. Then, the cultures were centrifuged
at 4,500 rpm for 10 min, washed with saline solution
and resuspended in the same solution. These cell
suspensions were used to inoculate tubes containing the
appropriate antimicrobial concentrations in peptone water
(0, 1, or 2x MIC) to obtain a final cell density of
~1 x 10° CFU ml™". The inoculated tubes were
incubated at 37°C for 30 min without shaking.
Afterward, samples were centrifuged at 9,450 rpm for
15 min, washed, and resuspended in the appropriate
buffer for flow cytometry. In all cases, control experi-
ments were carried out in parallel with cells incubated in
buffered peptone water either with DMSO or water and
treated under the same conditions (Silva et al. 2011).

Bacterial cell counts

Serial dilutions of samples exposed to phenolic acids
were prepared in sterile saline solution and plated
according to the method of Silva et al. (2011). The plates
were incubated at 37°C for 24 h, and the number of
colonies was determined. To measure growth inhibition,
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viability reduction was calculated from these data
according to Bouhdid et al. (2009), where N is the
bacterial count in the control sample.

Staining procedures for flow cytometry experiments

For assessment of membrane permeability, bacterial
suspensions (1 x 10° CFU ml™') were incubated for
5 min at room temperature with 10 pg ml™" of
propidium iodide (PI) in phosphate buffered saline (PBS)
(pH = 7.4). For the evaluation of membrane potential,
bacterial suspensions were incubated for 5 min at room
temperature with 0.5 pg ml™" of bis-1,3-dibutylbarbutiric
acid (BOX) in PBS (pH = 7.4). In the case of efflux
activity staining, bacterial suspensions were incubated
for 5 min at room temperature with 5 pg ml™' of
ethidium bromide (EB) in PBS (pH = 7.4). In order to
assess respiratory activity, the suspensions were
incubated with 5 mM of 5-cyano-2,3-ditolyl tetrazolium
chloride (CTC) in BHI broth for 1 h at 37°C and
250 rpm. Heat-killed cells (70 °C, 30 min) were used as
a positive control for PI, BOX, and EB staining proto-
cols and as a negative control for CTC staining. Cells in
exponential growth phase were used as a negative con-
trol for PI, BOX, and EB and as a positive control for
CTC staining. Prior to the flow cytometric analysis, all
cell suspensions were washed once with PBS and resus-
pended in the same buffer. Experiments were conducted
at least in duplicate (Silva et al. 2011).

Flow cytometry

After treatment with phenolic acids and staining, bacterial
samples were analyzed on a BD Biosciences FACSCalibur
as described by Silva et al. (2011). Acquisition was
performed with CellQuest Pro Software based on
light-scatter and fluorescence signals resulting from
15 mW laser illumination at 488 nm. Light-scatter
measurements and fluorescence measurements were
acquired logarithmically. Signals corresponding to
forward and side scatter (FSC and SSC) and fluorescence
were accumulated; the fluorescence signal (pulse and
measurements) was collected by FL-1 (BOX) and FL-3
(P1, EB and CTC) bandpass filters. Threshold levels were
set on SSC to eliminate noise or particles (ie cellular
debris) much smaller than intact cells. Bacterial cells were
gated according to FSC/SSC signals and samples were
acquired at a low sample rate (12 pl min ") to ensure that
the event rate was lower than 2,000 events s '. A total of
10,000 events was acquired for each sample (Silva et al.
2011).

Biofilm susceptibility assay
The biofilms of S. aureus were grown in 96-well
flat-bottom  polystyrene microtiter plates, using a
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previously described method (Raja et al. 2011) with
some modifications. Bacterial suspensions were prepared
from the culture grown overnight and the turbidity of
the suspension was adjusted to OD (610 nm) of 0.7
(~ 1 x 10° CFU ml™"). Twofold serial dilutions of phe-
nolic acids were prepared in a 100 ul volume in tryptone
soya broth (TSB) supplemented with 0.5% glucose in
the wells of a 96-well flat bottomed microtiter plate.
Forty microliters of fresh TSB with 0.5% glucose were
added to each well, followed by the addition of 60 ul of
the above mentioned bacterial suspension. This resulted
in the final inoculum of 6 x 107 CFU mlI™" in each well
and the final concentrations of the compounds ranged
from 4 to 1 mg ml™'. The plate was incubated for 24 h
at 37 °C. The effect of phenolic acids was also examined
on preformed biofilms (24 h). The biofilms were pre-
pared by inoculating the suspension of S. aureus into the
wells of a polystyrene microtiter plate as mentioned
above. After incubation at 37 °C for 24 h, the culture
supernatant from each well was decanted and planktonic
cells were removed by washing the wells with PBS.
Twofold serial dilutions of phenolic acids were prepared
in TSB with 0.5% glucose and 100 ul of each dilution
were added to the biofilm in the wells. The plate was
further incubated at 37°C for 24 h (Raja et al. 2011).
Inoculum grown on culture medium was used as a
positive control and only culture medium as a negative
control for this assay.

Quantification of biomass of biofilm with crystal violet

After completion of incubation, planktonic cells were
removed from each well by washing twice with PBS.
The biofilms were fixed with methanol for 20 min,
stained with 0.1% (wt/vol) crystal violet for 10 min, and
rinsed three times with water. The formation of biofilm
was quantified by the addition of 200 pl of 95% ethanol
to the crystal violet-stained wells and recording the
absorbance at 595 nm using a microplate reader (Raja
et al. 2011).

Quantitation of viable cells in the biofilm by XTT assay

The 2H-tetrazolium-5-carboxanilide (XTT) assay was
used to quantify the number of viable cells present in
each of the biofilms formed in the presence of phenolic
acids and also on 24 h-established biofilms following
addition of phenolic acids, in comparison with antimicro-
bial-free controls. The biofilms were grown as described
above and then the 96-well flat-bottomed polystyrene
microtiter plate was rinsed twice with PBS to remove
loosely attached cells. The wells of a 96-well plate were
filled with 120 pl of filter-sterilized 100 pug ml™' XTT
and 10 pg ml™' of phenazine methosulphate solution,
and the peg-plate was positioned into the wells and

107



Capitulo 2 - Publicacées

72 A Luis et al.

incubated at 37°C in the dark for 3 h to allow the
conversion of XTT into its formazan derivative.
Reduction of XTT was then measured at 492 nm using a
microtitre plate reader. The proportion of viable cells in
treated biofilms was calculated by comparing the
reduction of XTT with that of antimicrobial-free control
biofilms (Smith et al. 2009; Paiva et al. 2012).

Scanning electron microscopy

Polystyrene coupons (I cm % | cm) were individually
washed and submersed overnight in a 70% ethanol
solution. Prior to use, coupons were exposed to UV
radiation for 30 min. S. aureus ATCC 25923 culture was
grown ovemnight in TSB supplemented with 0.5%
glucose at 37°C and then diluted in culture medium to
an OD (610 nm) of 0.7. First, 300 pul of inoculum were
added to each well of a 12-well tissue culture containing
a coupon. Then, 500 pl of 4 mg ml™" gallic, caffeic, or
chlorogenic acid solutions and 200 pl of fresh culture
medium were added to the wells. The plates were
incubated for 24 h at 37°C. Afterwards, the wells were
washed twice with PBS and the samples were immedi-
ately fixed in a solution of 4% formaldehyde and 2%
glutaraldehyde in PBS for 3 h at room temperature. The
coupons were then carefully washed with PBS,
dehydrated in a graded ethanol series (25, 50, 70, 90,
and 100%), and dried in a desiccator overnight.
Finally, they were mounted on a stub, sputter-coated
with gold, and examined with a SEM (Hitachi S-2700)
(Jiang et al. 2012).

Contact angles measurements, and free energy of
adhesion

The free energy of adhesion (AGX‘(’,':') between the
bacterial cells and the polystyrene surfaces was assessed
according to the procedure previously implemented
(Simodes et al. 2008; Bayoudh et al. 2006; Borges et al.
2012) with some modifications. To ascertain the bacterial
surface properties, lawns of bacteria were prepared as
described by Busscher et al. (1984). Briefly, the bacterial
suspensions were prepared from the overnight cultures of
the S. aureus strains in TSB with 0.5% glucose and the
turbidity was adjusted to 0.7 ODg;q. Then, 3 ml of this
bacterial suspension were added to 5 ml of phenolic acid
solution (in culture medium) and 2 ml of fresh TSB with
0.5% glucose to obtain a final concentration of each
phenolic acid of 4 mg ml™". For the positive control, the
bacteria were grown in the absence of phenolic acids.
After 24 h at 37 °C, the bacterial substrata for measuring
contact angles were prepared by collecting bacterial cells
on a cellulose triacetate filter (pore diameter, 0.45 um) to
a density of 10° cells mm 2. To establish constant
moisture content, the bacteria-containing filters were

placed in a Petri dish on the surface of a layer of 1%
(wt/vol) agar in water containing 10% (vol/vol) glycerol
until the filters were mounted on a holder (Busscher
et al. 1984). Polystyrene surfaces were prepared for char-
acterization by immersion in a solution of a commercial
ammoniac-base detergent in ultrapure water; the surfaces
were dried at 65°C for 3 h. The contact angles of the
bacteria and the polystyrene were determined by sessile
drop contact angle measurement using a model OCAH
200 (DataPhysics) that allowed image acquisition and
data analysis. The surface tension components of the
bacteria and polystyrene were obtained by measuring the
contact angles with three pure liquids. These measure-
ments were carried out at room temperature (23 + 2 °C)
using deionized water, ethylene glycol, and diiodometh-
ane as reference liquids. The surface tension components
of the reference liquids were taken from the literature
(Good & van Oss 1991). Contact angle data were
obtained from at least three determinations for each
liquid and for each experiment and using the thermody-
namic approach of the Lifshitz—var der Walls and acid/
base (AB) interactions, the total energy of adhesion
AGTA%',?' of a bacterium (B) to a substratum surface (S) in
a suspending liquid (L) can be calculated as the sum of
the LW component AGLY, and the AB component
AGAE (Bayoudh et al. 2006):

AGLSB! — AGSY +AGYS, M

where
s = (VA - &) - (VY- V%)
- (V- ) @

and

8635, = 2|\ (V35 + V& - VF7)
i)
i \/s_s] ©)

The thermodynamic approach prediction states that
adhesion may occur if AGTA‘&‘;" is negative and it is
energetically unfavorable if AGI% is positive (Bayoudh

et al. 2006).

Hemolysin assay

This assay was performed using rabbit erythrocytes,
which are 1,000 times more sensitive to S. aureus
a-hemolysin than human erythrocytes (Qiu et al. 2011).
Levels of a-hemolysin in bacterial culture supernatants
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were determined based on the method of Qiu et al.
(2010, 2011). Briefly, bacteria were grown in MHB sup-
plemented with 0.5% Tween-80 at 37 °C for the control
sample and with graded sub-inhibitory concentrations of
phenolic acids, until they reached the post-exponential
growth phase (ODggp~2.5). Culture supernatants were
harvested by centrifugation (5,600 rpm; 4°C; 10 min)
and a volume of 0.1 ml of culture supernatant was
combined with 50 pl of defibrinated rabbit blood. After
30 min at 37 °C, the unlysed blood cells were pelleted
by centrifugation (3,000 rpm; room temperature;
10 min). The hemolytic activity was determined by read-
ing the ODs43 of the cell-free supernatant. The control
supernatant served as 100% hemolysis, and the relative
percentage hemolysis values were calculated by
comparison with this value (Qiu et al. 2010, 2011).

Cytotoxic evaluation — hemolysis test

Freshly obtained (in EDTA) human blood (A, Rh+) was
washed three times by centrifugation (2,500 rpm for
10 min) in PBS at room temperature (20-25°C). The
supernatant was removed and a 10% red blood cell
(RBC) suspension was prepared in PBS (1x). Aliquots
of 1 ml of the 10% RBC suspension together with
200 pl of phenolic acids at three different concentrations
(0.1, 1, and 10 mg mlfl) were shaken in a water bath at
37°C for 30 min. Next, 40 ul of 2.5% glutaraldehyde
were added to the mixture to stop the reaction. Then,
samples were centrifuged at 2,500 rpm for 15 min to
allow broken membranes and unbroken cells to settle at
the bottom. The supernatant was removed and the
liberated hemoglobin in the supernatant was measured
spectrophotometrically as absorbance at 541 nm. For
100% hemolysis or the positive control, 200 pl of 0.2%
Triton (in PBS) were added to 1 ml of a 10% RBC sus-
pension. For the negative control (0% hemolysis), only
200 pl of PBS and 1 ml of 10% RBC suspension were
used. The experiment was done in triplicate and the
mean =+ standard deviation (SD) was calculated as
follows: % Hemolysis = (Absorbance of sample/Absor-
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bance of positive control) x 100 (Sharma & Sharma
2001).

Results and discussion
Antimicrobial activity and mechanism of action

The in vitro antibacterial activities of the phenolic acids
were tested on three strains of S. aureus: one reference
strain and two clinical isolates of MRSA strains (Table 1).
Gallic acid was the most active compound of the pheno-
lic acids tested against S. aureus strains, presenting the
lowest MIC value (4 ug ml™"); whereas chlorogenic acid
presented the poorest antibacterial activity showing MIC
values of 500 pg ml™'. Phytochemicals are routinely
classified as antimicrobials on the basis of susceptibility
tests that produce inhibitory concentrations in the range
of 100-1,000 pg mi~" (Borges et al. 2012). In this sense,
these phenolic acids could effectively be classified as
antimicrobials.

Regarding the results obtained for the proline assay,
proline reversed the inhibitory effects of gallic acid
against strains of S. aureus (Table 2) indicating that the
site of action could be at the proline dehydrogenase
level. This test could indicate a potential mechanism of
action of the phenolic acids in microorganisms and
elucidate its antibacterial properties against S. aureus.
These results were similar to those obtained by Kwon
et al. (2007), in which they observed the same proline
reverse inhibitory effect, with extracts of clonal herbs of
the family Lamiaceae and its pure compounds against
strains of S. aureus.

Table 1. MIC values of pure phenolic acids (modal values:
n=3).
Gallic Caffeic Chlorogenic

MIC (ug ml™") acid acid acid

S. aureus ATCC 4.0 62.5 500.0

25923

MRSA 10/08 4.0 62.5 500.0
MRSA 12/08 4.0 250 500.0

Table 2. Effect of gallic, caffeic, and chlorogenic acids on inhibition of S. aureus in the presence of proline (modal values: n = 3).

Inhibition zones (mm) Gallic acid Caffeic acid Chlorogenic acid Gallic acid Caffeic acid Chlorogenic acid
0 mM proline 0.5 mM proline
S. aureus ATCC 25923 15 7 6 15 6 6
MRSA 10/08 18 8 6 17 8 6
MRSA 12/08 28 8 6 24 6 6
1.0 mM proline 5.0 mM proline
S. aureus ATCC 25923 15 6 6 8 6 6
MRSA 10/08 16 7 6 15 6 6
MRSA 12/08 22 6 6 20 6 6
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Flow cytometry was used to further elucidate the
mechanism of action of the studied phenolic acids on
membrane integrity, membrane potential, efflux, and the
respiratory activities of cells of S. awreus. S. aureus
ATCC 25923 was treated with caffeic acid and MRSA
10/08 with gallic acid. This choice of strains and test
compounds can be explained by the fact that time-kill
curves (data not shown) showed that caffeic and gallic
acid presented bacteriostatic activity against S. aureus
ATCC 25923 and MRSA 10/08, respectively, with no
effect being observed for the other strains of S. aureus
and compound combinations. Therefore, since no growth
inhibition was observed for MRSA 12/08 with all com-
pounds, MRSA 10/08 with caffeic and chlorogenic acids
and S. aureus ATCC 25923 with gallic and chlorogenic
acids, these assays were disregarded for flow cytometry.
PI was used to assess bacterial membrane integrity
because if membrane integrity is compromised PI can
enter the cell where it will bind to nucleic acids (Silva
et al. 2011). BOX was used to evaluate membrane poten-
tial, since polarized cells are able to exclude anionic
molecules, such as BOX, and depolarized cells allow the
accumulation of BOX inside the bacterial cell (Silva
et al. 2011). Efflux activity was measured using EB and
respiratory activity was studied with CTC, because via-
ble bacterial cells are able to reduce CTC resulting in the
production of an insoluble fluorescent CTC-formazan
product (Silva et al. 2011).

In the case of S. aureus ATCC 25923, caffeic acid
increased membrane permeability, depolarized cell mem-
branes, and reduced respiratory activity. After treatment
with 2x MIC of caffeic acid, the percentage of PI-posi-
tive stained cells (11.63%) was higher than with 0x MIC
(2.98%) and 1x MIC (2.86%) (Table 3), indicating that
caffeic acid can damage cell membrane integrity in
S. aureus cells. Moreover, the percentage of depolarized
cells (BOX-positive) was higher (Table 3) in the pres-
ence of the compound, which means that caffeic acid
also caused membrane depolarization. The percentage of
BOX-positive cells with 2x MIC is 74.43%, indicating
that almost all cells were depolarized. The loss of

membrane potential is a prior event to membrane
permeabilization; therefore, since caffeic acid led to the
loss of membrane integrity to some extent, membrane
depolarization was also expected. After incubation with
caffeic acid, a marked decrease in the percentage of
CTC-reducing cells was observed (Table 3). With 2x
MIC of caffeic acid, the respiratory activity is about half
the value obtained for 0x MIC, indicating that the
viability of S. aureus was significantly compromised,
corroborating the viability reduction results (Table 3).
Regarding efflux activity, EB staining showed that with
2x MIC the mean of fluorescence intensity (MFI) was
higher (168.61) than with 0x MIC (108.87), indicating
that efflux activity is reduced in the presence of caffeic
acid. As caffeic acid was dissolved in DMSO, an assay
without DMSO was performed and it was observed that
this solvent slightly increased the number of depolarized
cells (BOX-positive) and affected the efflux and respira-
tory activities. Overall, the correlation between loss of
membrane potential, membrane permeability, the ability
to reduce CTC, and the reduction in cell viability indi-
cates that caffeic acid inhibits the growth of S. aureus
ATCC 25923 by disrupting membrane function, and so
all its functions are compromised not only as a barrier
but also as a matrix for enzymes and as an energy trans-
ducer. Similar conclusions were reached by other
researchers attempting to explain the antibacterial action
of bioactive compounds using flow cytometry (Nguefack
et al. 2004; Hayouni et al. 2008). In addition, caffeic
acid is a phenolic acid that behaves as a nucleophile
(Borges et al. 2012) and can attack the bacterial
membrane, disrupting its functions, so, the results now
obtained by flow cytometry are in agreement with the
chemical characteristics of phenolic acids.

In the case of MRSA 10/08, gallic acid appeared not
to cause damage to the bacterial membrane (Table 3) as
PI- and BOX-positive cells did not increase in the pres-
ence of this compound. However, the respiratory activity
was affected with 1x MIC and 2x MIC, as can be seen
by the percentage of CTC-reducing cells which was only
14.60% and 15.36%, respectively. Efflux activity seemed

Table 3. Percentage of fluorochrome-stained cells assessed by flow cytometry and viability reduction evaluated by means of the
drop-plating method of S. aureus strains treated with caffeic and gallic acids (mean values + SD: n = 2).

Stained cells (%)

Strain Compound  Phenolic concentration  Viability reduction (%) PI BOX CTC
S. aureus ATCC 25923 Caffeic acid 0x MIC - 298+0.34 1458+1.53 92.35+0.12
1x MIC 21.00+1.41 2.86+0.21 23.11+£390 7595+1.22
2x MIC 53.60+5.09 11.63+191 74.73+0.47 45.59+4.33
Control without DMSO - 3.78+0.00 4.81+0.52 98.86+0.01
MRSA 10/08 Gallic acid 0x MIC - 1.60+0.08 3.38+0.30 9538+1.12
1x MIC 97.60+1.97 1.00+0.14  2.75+0.31 14.60+0.91
2x MIC 99.13+1.00 0.76+0.06 533+023 1536+0.38
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to be increased in the presence of gallic acid, since MFI
decreased with 1x MIC (33.15) and 2x MIC (35.46)
when compared with 0x MIC (78.87). The treatment
with gallic acid reduced the viability of MRSA cells up
to 95%, indicating a high decrease in cell cultivability.
However, the results of flow cytometry assays revealed
that this loss of cultivability was not caused by damage
to the bacterial membrane, suggesting another cell target
for gallic acid in MRSA cells, such as the inhibition of
protein or DNA synthesis.

The results of flow cytometry are in agreement with
the results obtained from the proline assays. This work
revealed that these phenolic acids could inhibit proline
oxidation, resulting in the disruption of critical energy
metabolism which can be corroborated by the reduction
in the percentage of metabolic activity of S. aureus
observed by flow cytometry. Despite its action in cell
metabolism, caffeic acid was also able to damage
bacterial cell membranes.

Biofouling 75
Anti-biofilm activity

The assays performed on cells in suspension showed an
effective  antistaphylococcal activity of the test
compounds. However, as strains of S. aureus are known
to form biofilms, the next step in the present study was
to evaluate the effect of the phenolic acids on formation
of S. aureus biofilm and on 24 h-established biofilms.
Biofilm cells are known to be extremely resistant to anti-
microbial agents and for this reason the concentrations
of phenolic acids used were standardized independently
of MIC value. The results obtained for anti-biofilm activ-
ity (Table 4) led to the conclusion that gallic acid at
4 mg ml™" reduced the formation of biofilm by about
40% for all the strains of S. aureus tested. Caffeic and
chlorogenic acids at the same concentration were able to
reduce the biofilm biomass by 80%. Regarding the effect
against 24 h-established biofilms, gallic acid did not have
any effect on the total biomass of S. aureus ATCC
25923 biofilm, but slightly decreased the biomass of

Table 4. Effect of different concentrations of phenolic acids on formation of biofilms and on 24 h-established biofilms (mean

values + SD: n = 3).

Formation of biofilms

24 h-Established biofilms

Compound mg ml™! Crystal violet (ODsgs) XTT (ODy4g,) Crystal violet (ODsgs) XTT (ODugs)
S. aureus ATCC 25923  Gallic acid + 0.61+0.15 0.20+0.06 1.49+0.27 0.11+£0.05
2 0.62+0.14 0.21+0.04 1.37+0.47 0.17+0.09
1 0.85+0.15 0.24+0.10 1.31+0.29 0.18+0.08
Caffeic acid -+ 0.15+£0.04 0.06 +0.01 0.78+0.22 0.07+0.01
2 0.28+0.11 0.08+£0.03 0.89+0.16 0.09+0.03
1 0.58+0.14 0.12+0.07 0.94+0.32 0.19+0.09
Chlorogenic acid 4 0.17+0.07 0.07+0.01 0.78+0.10 0.10+0.05
2 0.28+0.11 0.10+0.05 0.90+0.23 0.14+0.07
1 0.57+0.16 0.16+0.07 0.92+0.10 0.20+0.08
Positive control 0.98+0.17 0.47+0.10 1.20+0.50 0.31+0.09
Negative control 0.13+0.06 0.06+0.01 0.27+£0.07 0.09+0.03
MRSA 10/08 Gallic acid B 0.54+0.05 0.11+0.06 1.19+0.49 0.11+0.01
2 0.80+0.17 0.16+0.03 1.14+0.37 0.13+£0.06
1 0.82+0.12 0.21+0.01 1.19+0.49 0.21+0.05
Caffeic acid 4 0.14+0.02 0.08+0.01 0.85+0.17 0.07+0.01
2 0.27+0.05 0.10+£0.04 0.89+0.35 0.09+0.03
1 0.48+0.18 0.13+£0.04 0.94+0.29 0.25+0.06
Chlorogenic acid 4+ 0.15+0.03 0.15+0.07 0.73+0.29 0.10+£0.03
2 0.26+0.08 0.12+0.05 0.82+0.18 0.12+0.06
1 0.33+0.18 0.16+0.06 1.00+0.48 0.24+0.05
Positive control 0.89+£0.19 0.30+0.06 1.26 +0.50 0.26+0.10
Negative control 0.19+0.11 0.06+0.02 0.31+0.08 0.10+0.04
MRSA 12/08 Gallic acid 4 0.50+0.03 0.11+0.02 0.86+0.34 0.12+0.02
2 0.55+0.15 0.11+£0.02 0.87+0.21 0.12+0.04
1 0.54+0.17 0.15+0.03 1.18+0.28 0.14+0.04
Caffeic acid 4 0.15+0.02 0.07+0.01 0.84+0.25 0.09+0.02
2 0.25+0.08 0.08+£0.02 0.88+0.26 0.11+0.03
1 0.51+0.15 0.10+0.03 0.95+0.20 0.15+0.04
Chlorogenic acid 4 0.14+0.03 0.09+0.03 0.72+0.08 0.09+0.05
2 0.23+0.03 0.10+£0.04 0.77+0.08 0.09+0.03
1 0.23+0.04 0.19+0.07 0.88+0.18 0.16+0.07
Positive control 0.99+0.17 0.22+0.05 1.12+0.50 0.22+0.06
Negative control 0.20+0.05 0.07+0.01 0.34+0.13 0.08 +0.04
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biofilm of both strains of MRSA. However, caffeic and
chlorogenic acids reduced the biofilm biomass by almost
60%, when compared with the positive control, for all
strains of S. aureus. When the biofilms were grown in
the presence of the phenolic acids, the metabolic activity
(XTT assay) of adherent cells was affected, even at low
concentrations of the compounds. This effect was more
pronounced in the ATCC strain than in the MRSA
strains. When the compounds were added to 24 h-estab-
lished biofilms, the metabolic activity (XTT assay) also
decreased and again this reduction was more pronounced
in the ATCC strain, showing that the MRSA strains were
more resistant to the phenolic acids. The effect of caffeic
and chlorogenic acids was more evident than that of gal-
lic acid. Generally, it was observed that crystal violet
values were higher in 24 h-established biofilms, indicat-
ing higher biomass due to the previous growth of these
biofilms. On the other hand, since the XTT assay only

evaluates cell state and not cell growth, the metabolic
activity of these biofilms was the same or less, as the
cells in the biofilms began to approach the death phase.
Morphogenesis of S. aureus biofilm cells was mon-
itored by SEM (Figure 1). The results demonstrate the
destruction of the 3D structure of the biofilm when the
compounds are present at the time of biofilm forma-
tion. Cells exposed to 4 mg ml™' of the phenolic acids
produced scant biofilms, which were composed of only
a few bacterial cells. Moreover, in the presence of phe-
nolic acids, it is possible to observe marked damage to
the cell wall of the bacteria, leading to the loss of the
coccus shape, when compared with the biofilm of the
positive control. The SEM images prove that phenolic
acids had an effect on biofilm formation and confirm
the results obtained with crystal violet and the XTT
method, which demonstrate that the phenolic acids
reduce both the biomass and viability of biofilms.

Figure 1. SEM images: A = uniformly distributed S. aureus ATCC 25923 biofilm on polystyrene coupons (positive control); B = bio-
film formed in the presence of gallic acid; C = biofilm formed in the presence of caffeic acid; D = biofilm formed in the presence of

chlorogenic acid.
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Table 5. Adhesion potential of bacteria to polystyrene with
and without treatment with phenolic acids.

Biofouling 77

Table 6. Hemolytic activities of a-hemolysin produced by
S. aureus cultured with graded sub-inhibitory concentrations of
phenolic acids (mean values = SD: n = 3).

AGI! S. aureus ATCC MRSA  MRSA
(mN ml™") 25923 10/08 12/08 Inhibition of production of a-hemolysin (%)
Positive control -0.45 —4.10 -7.38 Strain Compound  1/8 MIC 1/4 MIC 1/2 MIC
bl i o0 e S aurews Gallicacid 789104 1456290 24417.68
Chlorgeisio sl 1119 ~1204 —1336 ATCC Caffeic acid  9.90+1.70 22.97+6.49 57.16+8.65
25923  Chlorogenic 0 0 0
Note: AGL%' < 0 — thermodynamically favorable adhesion; AG % > 0 — acid
thermodynamically unfavorable adhesion. MRSA  Gallic acid 6.78+0.29 5.22+0.92 18.07+2.65
10/08 Caffeic acid 2.67+0.69 4.10+0.25 62.70+7.72
Chlorogenic 0 0 0
Effect of phenolic acids on adhesion properties acid
. . MRSA  Gallic acid  6.37+1.63 10.91+3.02 20.67+6.19
Tha whaetstaniing 6F s Gverall ptcsss of fothatioh. of 12/08 Caffeic acid 4.76+1.14 11.8142.48 9253+7.76
biofilm depends in turn on a deep understanding of the Chlorogenic 0 0 0
main aspects regulating biofilm development, such as ini- acid

tial adhesion. Bacterial adhesion to surfaces has been
studied extensively (Bayoudh et al. 2006; Simdes et al.
2007, 2008; Borges et al. 2012). Adhesion is a complex
process that is affected by many factors, including the
physico-chemical characteristics of bacteria, the surface
properties of the material, and environmental factors
(Simdes et al. 2008; Borges et al. 2012). In this work,
the effects of gallic, caffeic, and chlorogenic acids on the
adhesion potential of S. aureus to polystyrene (Table 5)
was determined by characterization of the free energy of
adhesion according to a thermodynamic approach. It can
be concluded that the strains of S. auwreus studied had
the theoretical thermodynamic ability to adhere to poly-
styrene (AGL%! < 0 mN m™") and then to form biofilms.
When exposed to the phenolic acids, the AGIT,“‘;‘,‘]" for all
strains of S. aureus decreased, except in the case of
MRSA 12/08 treated with gallic acid, in which case the
AG!% increased, meaning that the adhesion capacity to
polystyrene of MRSA12/08 decreased with gallic acid.
These distinct values of AGL%%! were apparently related
to the distinct physico-chemical properties of the surface
of the cell. Therefore, the nucleophilic attack by phenolic
acids resulted in opposite effects when comparing the
AG% of MRSA12/08 treated with gallic acid and the
remaining samples as described previously by Borges
et al. (2012).

Inhibition of a-hemolysin production

a-hemolysin, one of the major virulence factors, is
secreted by S. aureus and can promote hemolysis of
rabbit erythrocytes. Therefore, a hemolysis assay was
used to investigate the effect of phenolic acid treatment
on the hemolytic activity of culture supernatants of
S. aureus. As shown in Table 6, when supplemented with
sub-MIC concentrations of phenolic acids, the hemolytic
activities of the culture supernatants of strains of
S. aureus was reduced, with the exception of chlorogenic
acid, which did not inhibit production of a-hemolysin. A

dose-dependent inhibition of hemolysis can be observed
for all tested strains when treated with gallic and caffeic
acids. These results are consistent with previous studies
dealing with the inhibition of production of a-hemolysin
by strains of S. aureus (Qiu et al. 2010, 2011).

Toxicity of phenolic acids

Given the good antibacterial activity of the phenolic
acids under study, namely their action against biofilms of
S. aureus, the use of these compounds can be anticipated
for medical purposes as disinfectants to prevent, control,
or eradicate biofilms of S. aureus, including the emergent
strains of MRSA in hospitals or, even for industrial pur-
poses, as additives to prevent microbial growth and, in
this way, avoiding food poisoning caused by S. aureus.
To be considered as such, they cannot be cytotoxic, or
their toxicity must be minimal. It is well known that
these phenolic acids are commonly found in food,
namely vegetables, tea, and coffee and in traditional
medical infusions or decoctions (Andrade et al. 2009;
Luis et al. 2011), with no described toxic properties.
However, to further support the findings, a hemolysis

Table 7. Percentage of hemolysis in the presence of different
concentrations of phenolic acids (mean values = SD: n = 3).

Compound Concentration (mg ml™") Hemolysis
Gallic acid 10 2.76 £0.38
1 6.08 +0.44
0.1 3.87+0.63
Caffeic acid 10 91.95+1.44
1 2.66+0.63
0.1 2.56+0.53
Chlorogenic acid 10 85.25+1.34
1 232+0.23
0.1 297+1.42
Positive control 100.00 £ 0.00
Negative control 2.78+0.43
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assay was performed to prove the absence of toxicity.
The mechanical stability of the erythrocytic membrane is
a good indicator of the effect of various in vitro damage
levied on it by various compounds for screening of
cytotoxicity and is dependent on its physical and struc-
tural properties (Sharma & Sharma 2001). As can be
seen in Table 7, for the biologically active concentrations
of phenolic acids, with the exception of gallic acid, there
is no hemolysis, except in the case of 10 mg ml™' where
the percentage of hemolysis greatly increased. These
results indicate that the phenolic acids are not toxic to
human erythrocytes.

Overall, in the present work, the beneficial bioactivity
of three phenolic acids (gallic, caffeic, and chlorogenic)
commonly present in human food was effectively proved.
The antimicrobial activity of these compounds against
S. aureus has been demonstrated on both planktonic and
biofilm cells. Moreover, the possible mechanism of action
of these phenolic acids on S. aureus cells was elucidated,
allowing a more comprehensive application of these
compounds as antimicrobials, and the results described
can represent the basis for the promising use of these
compounds in therapeutic or food applications.
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Abstract

Alkylresorcinols are members of a family of compounds referred to as phenolic lipids,
which have been identified in numerous plant, fungal and bacterial species. In higher
plants, alkylresorcinols typically occur as mixtures of homologues possessing side

chains of 13 to 27 carbons with varying degrees of saturation.

The potent antimicrobial activity demonstrated for many naturally occurring
alkylresorcinols and alkylresorcinol derivatives has led to the widely held view that
these compounds primarily serve a defensive role in plants. Previous studies led to the
isolation and identification of 5-alkylresorcinols that cleave DNA. Additionally, in the
literature, there are several other biological effects attributed to resorcinol derivatives,
namely, antimicrobial, cytotoxic, anticarcinogenic, antiproliferative, antileishmanial and

antioxidant properties.

This review intends to outline the biological activities of most relevant alkylresorcinols
isolated from plants and propose future directions for subsequent studies regarding the

effective biological effects of this class of compounds.

Keywords: resorcinols, alkylresorcinols, biological properties
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1. General aspects of alkylresorcinols

The 5-n-alkylresorcinols (Figure 1) occur naturally in many higher plant families,
bacteria and fungi. They were reported in grains of cereals such as wheat, barley and rye
(gramineaceous plants). The molecular structure of 5-n-alkylresorcinols consists of a
benzene ring with two hydroxyl groups at positions 1 and 3, along with an odd-
numbered alkyl chain at position 5 (Bondia-Pons et al. 2009; Sampietro et al. 2013).
This structure confers amphiphilic properties to alkylresorcinols, allowing them to form
monolayers and to be inserted into phospholipidic membranes (Bondia-Pons et al.
2009). These compounds have been suggested as potential markers for wholegrain
wheat and rye in food products or for checking contamination of nongluten containing
cereals with gluten containing cereals such as wheat, rye, and barley (Sampietro et al.

2013).

The 5-n-alkylresorcinols and 5-n-alkenylresorcinols are higher homologues of cardol
and bilobol. Homologues with 19 to 29 carbon atoms in the aliphatic radical were found
in cereal grains (Kozubek 1987). The homologues with saturated chains are
predominant; however 5-n-alkylresorcinols and 5-n-alkenylresorcinols contain
significant amounts of mono- and di-olefinic homologues. 5-n-Alkylresorcinols and 5-
n-alkenylresorcinols from rye grain are supposed to be responsible for the harmful

effect that rye has in animals (Kozubek 1987).

Alkenylresorcinols show high affinity to liposome and erythrocyte membranes,
increasing their permeability to ions. The membrane-perturbing activity of
alkenylresorcinols is several times higher than that of related saturated derivatives. On
the other hand, alkenylresorcinols show strong hemolytic activity upon erythrocytes

(Kozubek 1987).

120



Capitulo 2 - Publicacées

OH

HO | i i i 1 CH,

Figure 1: Chemical structure of alkylresorcinols (Bondia-Pons et al. 2009).

2. Alkylresorcinols biosynthesis

Alkylresorcinols, as well as all other classes of phenolic lipids, are thought to be derived
predominantly from type IIT polyketide synthase (PKS)-associated pathways. In plants,
type III PKS enzymes are involved in the biosynthesis of a vast array of natural
products, including flavonoids resulting from the important branch metabolite 2',4,4',6'-
tetrahydroxychalcone, the product of the enzyme chalcone synthase. Type III PKSs
which produce 5-n-alkylresorcinols from fatty acyl-CoA starter units are termed

alkylresorcinol synthases (ARSs) (Baerson et al. 2010).

The diversity of natural products produced by various type III PKSs is due in part to
differences in the type of intramolecular cyclization reactions performed by specific
enzymes (Baerson et al. 2010). The details of these reactions have attracted much
interest in recent years, as PKSs involved in the biosynthesis of aromatic ring-
containing intermediates mainly utilize either an aldol condensation-based mechanism
(stilbene synthase or STS-type) or a Claisen condensation-based mechanism (chalcone
synthase or CHS-type) for ring folding. ARSs use a STS-type cyclization mechanism,
and may also generate pyrone by-products from specific acyl-CoA starters via

intramolecular C5 oxygen — C1 lactonization (Figure 2) (Baerson et al. 2010).

The plant-specific CHS and STS enzymes were the first type III PKSs identified;

however, as discovered later, the protein family is actually much bigger, since type III
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PKSs have now been identified in numerous bacteria and fungi (Baerson et al. 2010).
Among the functionally identified microbial enzymes, there is only one utilizing a
Claisen condensation, but several utilizing aldol condensations. Several of these
microbial enzymes have been characterized as ARSs, which is significant given that the
microbial enzymes are to a large extent functionally identical to their plant counterparts

(Baerson et al. 2010).

While this is not readily discernible from direct protein sequence comparisons (typically
<30% amino acid identity occurs between microbial and plant ARSs), molecular
modeling of the three dimensional structures suggests that similar active site elements
are found within diverse ARSs that facilitate the acceptance of long-chain fatty acyl-

CoA substrates (Baerson et al. 2010).

CoASN™R Starter
o

li ¢ 3 condensations

R

CoA
0 0O O o

4 co;/ Tetraietide \

HQ:A H H
R o}
OH OH O OH

Aldol Claisen Tetraketide
condensation condensation pyrone
(STS, ARS) (CHS)

Figure 2: Reactions catalyzed by stilbenes synthase, alkylresorcinol synthase and
chalcone synthase-type III PKS enzymes. All of these PKSs utilize a starter unit and
perform three condensation reactions with malonyl-CoA as the extender unit, yielding a
tetraketide intermediate. Alkylresorcinol synthases can also generate tetraketide pyrone
side-products via C5 oxygen — C1 intramolecular lactonization; (STS, stilbene
synthase; ARS, alkylresorcinol synthase; CHS, chalcone synthase) (Baerson et al.

2010).
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3. Alkylresorcinols in plants

In higher plants, alkylresorcinols typically occur as mixtures of homologues possessing
side chains of 13 to 27 carbons with varying degrees of saturation. Fungi and bacteria
similarly accumulate mixtures of alkylresorcinols with varying chain lengths; however

microbial homologues all possess saturated side chains (Baerson et al. 2010).

The potent antimicrobial activity demonstrated for many naturally occurring
alkylresorcinols and alkylresorcinol derivatives in in vitro assays has led to the widely
held view that these compounds primarily serve a defensive role in plants (Baerson et

al. 2010; Luis et al. 2013).

The highly localized pattern of deposition within regions surrounding specific plant
structures coupled with their demonstrated antimicrobial activity, could indicate that
these compounds play a role in the formation of defensive chemical barriers. For
example, significant accumulation of alkylresorcinols is found within grains of cereals
such as wheat, rye, triticale and barley, occurring within a thin cuticle layer external to
the seed coat (Baerson et al. 2010; Bondia-Pons et al. 2009; Gliwa et al. 2011; Kozubek

1987; Sampietro et al. 2013).

Significant concentrations of alkylresorcinols have also been found within the cuticles
of rye leaves, with similar homolog compositions occurring on the adaxial and abaxial
leaf surfaces. Root systems of Oryza sp. exude an alkylresorcinol mixture, and likewise,
Sorghum sp. exudates contain the alkylresorcinol derivative sorgoleone, which is an
allelochemical also possessing antifungal activity (Baerson et al. 2010; Bondia-Pons et

al. 2009; Gliwa et al. 2011; Kozubek 1987; Sampietro et al. 2013).

The amphiphilic (surfactant-like) characteristics of alkylresorcinols and derivatives,

such as sorgoleone, could promote the formation of thin exudate layers completely
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covering root systems, thus providing a continuous defensive boundary. This would be
analogous to the process described to the leaf trichome exudates of Lycopersicon sp.,
where the formation of continuous antifungal chemical barriers may be facilitated by the

presence of amphiphilic acylglucose exudate constituents (Baerson et al. 2010).

4. Biological properties of alkylresorcinols

The interest for new compounds with biological properties has increased in recent years,
especially compounds derived from plants, and its secondary metabolites, known as

bioactive compounds.

During the search for antineoplasic agents from Panamanian Flora, two new
alkylresorcinols 1-(2,6-dihydroxyphenyl)octan-1-one and (+)-1-(3-(1-(2,6-
dihydroxyphenyl)butyl)-2,6-dihydroxyphenyl)octan-1-one, were identified from the
leaves of Homalomena  wendlandii  Schott  (Araceae). (+)-1-(3-(1-(2,6-
dihydroxyphenyl)butyl)-2,6-dihydroxyphenyl)octan-1-one exhibited ICsy values of 3.3,
5.8 and 4.0 pg/mL against human breast carcinoma (MCF-7), central nervous system
carcinoma (SF-268) and lung carcinoma (H-460) cell lines, respectively (Sdnchez et al.

2012).

In a similar study of the Madagascar Rainforest, it was possible to isolate ten 5-
alkylresorcinols, eight of them new and two already known, from the extract of
Oncostemon bojerianum (Myrsinaceae). These compounds were tested for cytotoxicity
against ovarian cancer cells (A2780). All of these compounds were found to be weakly
cytotoxic, with ICsy values ranging between 9.4 and 11.4 pg/mL (Chaturvedula et al.
2002). The fact that all the compounds isolated had similar activities suggests that the

activity is mainly dependent on the basic skeleton of the 5-alkylresorcinols, rather than
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on any specific substituents thereon (Chaturvedula et al. 2002). It is also noteworthy
that other researchers have found that 5-alkylresorcinols function as DNA-cleaving
agents, and it seems possible that these dialkylresorcinols act in the same way (Barr et

al. 1988).

In the continuing search for bioactive molecules from the plants of Taiwan, a
methanolic extract of the leaves of Grevillea robusta was selected for bioassay-guided
fractionation, as it showed significant cytotoxicity against MCF-7, lung carcinoma
(NCI-H460), and SF-268 cell lines (Chuang and Wu 2007). By prolonged
chromatographic separations on silica gel, small amounts of fourteen pure 5-
alkylresorcinols metabolites were isolated. Of these, gravicycle, dehydrogravicycle,
bisgravillol, dehydrobisgravillol, dehydrograviphane, and methyldehydrograviphane
were new compounds; graviphane and methylgraviphane were isolated as pure
compounds for the first time; and robustol, dehydrorobustol A, bis-norstriatol, 5-[14'-
(3",5"-dihydroxyphenyl)-cis-tetradec-6'-en-1-yl]resorcinol, cis-5-n-
pentadecylresorcinol, and cis-5-n-pentadec-8'-enylresorcinol were known compounds
(Chuang and Wu 2007). All these alkylresorcinols were subjected to cytotoxic
evaluation against MCF-7, NCI-H460, and SF-268 cell lines. They all showed marginal
cytotoxicity. The similar ICsy values of these compounds allows to conclude that the
alkyl chain, either cyclic or straight chain, had no impact on the cytotoxic activity of

these alkylresorcinols (Chuang and Wu 2007).

One alkylresorcinol (5-(2-acetoxynonyl)resorcinol) was isolated from the orchid
Phragmipedium calurum during a screening for anticancer compounds. It was evaluated
for antiproliferative activity against multiple human cancer cell lines, and displayed no

activity against any of the tested cell lines (Starks et al. 2012).

125



Capitulo 2 - Publicacées

In another investigation, alkylresorcinols were identified as the major active
components in wheat bran identified as being responsible for the inhibition of human
colon cancer cell growth (HCT-116 and HT-29) using a bioassay-guided approach (Zhu,
Soroka, and Sang 2012). The study of Gliwa, et al. 2011 focuses on each individual
fraction of the bran layer instead of the bran layer as a whole. It suggests that rye is a
good dietary source of alkylresorcinols, especially in the outer layer of the bran. The
amount of alkylresorcinols gives rye its high antioxidant activity, which is greater than

that of other cereals, such as triticale and wheat (Gliwa et al. 2011).

It was found that 1,4-benzoquinones and related resorcinol derivatives are potent
leukotrienes synthesis inhibitors, with partially submicromolar ICsq values (Filosa et al.
2013). The data provides insights related to studies of structure activity relationship for
1,4-benzoquinone and for resorcinol derivatives as 5-lipoxygenase inhibitors (Filosa et

al. 2013).

Authors have also investigated the antibacterial properties of 5-alkylresorcinols. The
new S5-alkenylresorcinol Sch725681, isolated and identified from the culture of an
Aspergillus sp., showed inhibitory activity against Saccharomyces cerevisiae (PM503)
and Candida albicans (C43) (Yang et al. 2006). This alkylresorcinol also showed
antibacterial activity against Staphylococcus aureus, which indicated that this

compound does not have a significant selective antimicrobial profile (Yang et al. 2006).

5. Concluding remarks

A number of resorcinols (1,3-dihydroxyalkylbenzenes) have been isolated from natural
origins. Many have been described as having antifungal, antimicrobial or cytotoxic

properties. This paper aimed to create a comprehensive review on the biological
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activities of the most relevant alkylresorcinols and generate interest in deepening the
knowledge on this class of compounds, as well as in the subsequent study of their

bioactivities and mechanisms of action, both in human cells and in microorganisms.
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A area florestal portuguesa ocupa cerca de 3.3 milhdes de hectares, o que representa cerca
de 38% do territorio nacional. O ecossistema da Serra da Estrela suporta uma vasta cobertura
vegetal, constituindo a principal rede ecologica do interior. Neste ecossistema crescem
diversas espécies de arvores e arbustos que sao potenciais fontes de compostos bioativos
[164]. A producdao e acumulacdo de metabolitos secundarios nas plantas pode ter varias
funcoes, tais como, auto-protecao, atracao de polinizadores, estabelecimento de relacdes de

simbiose e desenvolvimento das estruturas vegetais [153].

A oxidacdo € um processo essencial para a producao de energia no organismo humano, no
entanto as ROS sao, por vezes, produzidas em excesso sob condicoes patoldgicas, resultando
em stresse oxidativo, o qual também pode estar associado a diversas patologias. A oxidacao
também afeta os produtos alimentares, sendo uma das principais causas de deterioracao. No
sentido de reduzir estes danos, na industria sdo utilizados antioxidantes sintéticos no
processamento alimentar, de modo a evitar a oxidacao e degradacao dos alimentos. No
entanto, estes compostos podem ser responsaveis por efeitos colaterais graves,
nomeadamente danos hepaticos e carcinogénese [165]. Neste contexto, surge o interesse pela
descoberta de novas substancias antioxidantes, que possam proteger o corpo humano dos
radicais livres e atrasar o progresso das varias doencas cronicas associadas e, por outro lado,
prevenir a degradacao oxidativa dos alimentos. Os antioxidantes naturais ganham assim
relevancia, por serem mais facilmente aceites pelas pessoas, pela percecao da sua seguranca
e eficacia [30]. Verifica-se atualmente um aumento de interesse nos compostos bioativos de
origem natural, cujas propriedades podem exceder as dos antioxidantes sintéticos, de modo a
identificar novos antioxidantes para fins industriais, nomeadamente, para a industria
alimentar, farmacéutica e cosmética. De entre os compostos com atividade antioxidante de

origem vegetal, destacam-se os compostos fendlicos [58].

As plantas sdao normalmente ricas em compostos fenolicos, tais como, flavonoides, acidos
fenolicos, estilbenos, taninos, cumarinas, lignanas, além da lignina, podendo possuir, por
isso, multiplas atividades biologicas, nomeadamente atividade antioxidante. A atividade
antioxidante dos compostos fendlicos deve-se as suas propriedades redox, a capacidade de
quelar metais de transicao e de sequestrar atomos de oxigénio singleto [36]. Outras
propriedades biologicas dos compostos fenodlicos, tais como, anti-cancerigena, anti-
inflamatodria, anti-aterogénica, anti-trombotica, imuno-moduladora e analgésica foram

também demonstradas [166].

Um dos objetivos deste trabalho foi determinar a concentracao de algumas classes de
metabolitos secundarios (fenois, flavonoides, taninos e alcaloides) usualmente associados as
propriedades biologicas das plantas [167], em extratos metanolicos das partes aéreas de
varias espécies arbustivas recolhidas no Parque Natural da Serra da Estrela, e posteriormente,

avaliar a atividade antioxidante desses extratos.
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Para a determinacdo quantitativa dos compostos fendlicos nos extratos foi utilizado o método
do reagente de Folin-Ciocalteu. Observou-se que os extratos dos caules e das folhas tém
maiores concentracdes de compostos fendlicos que os extratos das flores e dos frutos. O
extrato dos caules de C. monogyna é o que tem maior quantidade de fenois totais (377.4 mg
GAE/g matéria seca). Este resultado esta de acordo com o previamente descrito para esta
espécie [132], [168]. As espécies |. acuminata e R. aculeatus apresentaram baixas
concentracdes destes compostos. As espécies C. multiflorus, P. tridentatum e E. arborea tém
elevadas concentracdes de fendis. Os frutos de R. ulmifolius possuem baixas concentragoes
de fendis (54.5 mg GAE/g matéria seca), quando comparados com os caules, folhas e flores da
mesma espécie (186.8, 167.6 e 291.4 mg GAE/g matéria seca, respetivamente). Nao existem
resultados anteriores na literatura acerca da composicao quimica das espécies de E. ibericum
e H. sericea, no entanto verificou-se que estas espécies apresentam quantidades significativas
de fendis totais. Os resultados obtidos para a espécie J. communis estdo de acordo com o
estudo de Oztiirk et al, 2011 [30] no qual se concluiu que o metanol é o melhor solvente para
a extracdo de compostos bioativos. Quanto a determinacdo dos taninos, estes foram
precipitados com PVPP [18], no entanto nao se verificou nenhuma tendéncia nos teores destes

compostos nos extratos ou nas diferentes partes das plantas estudadas.

Os flavonoides sao compostos polifenolicos que ocorrem nas plantas, sdo responsaveis pela
pigmentacao das flores e dos frutos, e variam na sua estrutura num dos anéis aromaticos, que
os caracteriza nos diferentes tipos: flavonadis, flavonas, isoflavonas, flavononas, flavanois e
antocianinas [36], [47]. Os flavonoides atuam como antioxidantes, uma vez que sao
facilmente capazes de doar um eletrao ou um atomo de hidrogénio a um radical peroxil ou
alcoxil, terminando a reacao em cadeia da peroxidacao lipidica ou regerando um composto

fendlico que efetivamente pode quelar um metal de transicao pré-oxidante [47].

A quantificacdo dos flavonoides fez-se apos precipitacao dos mesmos com cloreto de aluminio
em meio alcalino. O precipitado adquire a coloracao amarela, o que permite a medicao
espetrofotométrica [169]. No geral, os extratos das flores e dos frutos tém mais flavonoides
que os extratos dos caules e das folhas. Contudo, a espécie I. acuminata € a mais rica nestes
compostos, particularmente o extrato das folhas desta espécie (70.0 mg QE/g matéria seca).
As espécies E. arborea, C. multiflorus, R. ulmifolius e P. tridentatum apresentaram grandes
concentracbes de flavonoides na sua constituicdo, o que estd de acordo com alguns dados
anteriores sobre a caracterizacao de espécies arbustivas da Serra da Estrela [170]. As espécies
E. ibericum e H. sericea foram pela primeira vez caracterizadas relativamente a sua

composicao em flavonoides e mostraram ter grandes concentraces destes compostos.

Como na maioria dos casos, as atividades biologicas das plantas, sao devidas a varios
compostos, que podem atuar em conjunto, havendo sinergismos, potenciacao ou efeitos
aditivos, a determinacao de diversas classes de compostos em extratos vegetais torna-se
importante para compreender melhor a bioatividade desses extratos [26]. Por isso, os

alcaloides foram também determinados em todos os extratos, recorrendo ao método do
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reagente de Dragendorff. Os alcaloides, compostos de baixo peso molecular, sao responsaveis
pelos efeitos terapéuticos de varias plantas medicinais, no entanto muitos sao toxicos [171].
Verificou-se que todos os extratos possuem alcaloides, sendo a espécie C. multiflorus a mais
rica nestes compostos, particularmente o extrato dos caules. Esta espécie € conhecida por
possuir um alcaloide com propriedades antiarritmicas, designado por esparteina [128]. O
extrato das folhas de I. acuminata também é rico em alcaloides, ao contrario da espécie J.
communis. Como o principal objetivo deste trabalho é estudar as bioatividades dos compostos
fendlicos, a determinacdo dos alcaloides totais teve como Unico objetivo complementar a

caracterizacao dos extratos nas varias classes de metabolitos secundarios.

A determinacao laboratorial da atividade antioxidante de extratos de plantas tem algumas
limitacbes, uma vez que depende do método que se utiliza. O mecanismo de atividade
antioxidante é muito complexo e depende de varios fatores. Assim, utilizar apenas um
método para avaliar a atividade antioxidante de extratos vegetais nao é suficiente para
permitir tirar conclusées relevantes [52]. Neste sentido, a atividade antioxidante dos extratos
foi avaliada usando dois métodos diferentes: o método do DPPH e o sistema B-caroteno/acido
linoleico. Sabe-se que os antioxidantes reagem com o radical livre DPPH (de cor violeta
intensa) e o convertem em 2,2-difenil-1-picril-hidrazina (DPPH-H) (de cor amarela). O efeito
dos antioxidantes vegetais pode ocorrer pela sua capacidade de doar atomos de hidrogénio ou
de reducdo do radical livre [41]. No sistema B-caroteno/acido linoleico, € necessaria a
presenca de oxigénio para a oxidacdo do acido linoleico e sua conversao em hidroperoxidos
lipidicos. Estes compostos, muito reativos, atacam as moléculas altamente insaturadas do B-
caroteno, levando a sua descoloracdo. As substancias antioxidantes podem inibir este
processo de varias formas, nomeadamente, através da decomposicao dos peroxidos, parando
a reacao em cadeia, neutralizando o radical livre de linoleato ou outros radicais livres

formados neste sistema [41], [172].

Os resultados do método do DPPH foram apresentados na forma de ICsy, que se define como a
concentracao de amostra necessaria para inibir em 50% os radicais de DPPH, isto €, reduzir a
sua concentracao inicial para metade, nas condi¢des experimentais [45]. Analisando os
resultados, verificou-se que as espécies E. ibericum, R. aculeatus e I. acuminata sao as que
apresentam atividade antioxidante mais fraca. Pelo contrario, o extrato dos caules de C.
monogyna tem em simultaneo maior atividade antioxidante e maior concentracado em fendis
totais. O extrato dos frutos desta espécie tem atividade antioxidante moderada. Todos os
extratos das espécies E. arborea e H. sericea possuem atividade antioxidante muito forte,

quando comparada com a rutina e o trolox, por exemplo.

Verificou-se uma correlacdo linear positiva (R’=0.8442) entre a atividade antioxidante e os
fenois totais dos extratos. Este resultado € indicativo de que os compostos fenolicos deverao
ser os responsaveis pelas propriedades antioxidantes dos extratos. Outros investigadores
chegaram a semelhantes conclusdes [93], [173]. A mesma analise foi feita para os flavonoides

e concluiu-se que nao existe correlacao entre estes compostos e a atividade antioxidante dos
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extratos (R?=0.0083). O que significa que a maioria dos flavonoides extraidos ndo contribui
diretamente para a atividade antioxidante dos extratos. Sabe-se que a posicao dos grupos
hidroxilo nas moléculas dos flavonoides influencia as suas propriedades antioxidantes; que

dependem da capacidade de doar atomos de hidrogénio e/ou eletrdes ao radical livre [174].

0 método de determinacao da atividade antioxidante que usa o sistema B-caroteno/acido
linoleico permite medir indiretamente a inibicao da peroxidacdo lipidica pelos extratos. Os
extratos de E. ibericum apresentaram uma elevada capacidade de inibicao da oxidacao das
moléculas de acido linoleico e de sequestrar os radicais provenientes da sua oxidacao, quando
comparados com os extratos das espécies de P. tridentatum e H. sericea. Em contraste com
os resultados do método do DPPH, em que os extratos de E. ibericum nao apresentaram
capacidade significativa de sequestrar os radicais livres de DPPH. A capacidade de inibicao da
oxidacdo do acido linoleico por estes extratos, pode indicar o seu potencial uso como
antioxidantes alimentares. Estes resultados mostram a importancia de utilizar métodos que
avaliam propriedades antioxidantes diferentes nos extratos vegetais. Os extratos das espécies
P. tridentatum e |. acuminata sao fracos inibidores da peroxidacao lipidica, em contraste com
os das espécies R. ulmifolius e J. communis, e quando comparados com o BHT. No estudo de
Oztiirk et al, 2011 [30], com diferentes espécies de Juniperus, concluiu-se que os extratos
metanolicos inibiam a oxidacdo do acido linoleico, avaliada pelo sistema B-caroteno/acido

linoleico.

A analise por RP-HPLC permitiu identificar e quantificar nos extratos, os compostos fenolicos
principais e que mais comummente se encontram em extratos vegetais. Devido a diversidade
e complexidade dos extratos de plantas, é dificil caracterizar cada um dos compostos neles
presentes e elucidar a sua estrutura. Contudo, identificar as classes maioritarias dos
compostos fenolicos torna-se uma tarefa mais facil. Com o método usado, conseguiu obter-se
a separacao satisfatoria, e com boa resolucdo, de nove compostos fendlicos, incluindo acidos
hidroxibenzoicos, acidos hidroxicinamicos e flavonoides. O acido galico € um dos compostos
fenolicos mais importantes, mas nos extratos analisados, este composto esta presente em
baixas quantidades, apenas 1.26%. No geral, verificou-se que os acidos hidroxicinamicos
identificados (acidos cafeico, clorogénico, p-cumarico e ferilico) estdo abundantemente
presentes. O acido ferdlico € o acido hidroxicinamico dominante, tendo uma percentagem de
ocorréncia de 29.0%. Resultados semelhantes foram obtidos por outros investigadores para
outras amostras vegetais, tais como extratos de varias espécies de citrinos [175]. O acido
elagico e a quercetina também estdo presentes em grandes quantidades, com percentagens
de ocorréncia de 17.9% e 13.7%, respetivamente. No extrato das flores de P. tridentatum, o
acido vanilico é o composto maioritario, tendo uma concentracdo de 32.2mg/g matéria seca,
0 que corresponde a 27.6% de ocorréncia. Cerca de 34.5% dos fenois identificados no extrato
das folhas de R. ulmifolius correspondem ao acido ferdlico, com uma concentracao de
18.5mg/g matéria seca. Nos frutos do mesmo arbusto, o acido clorogénico é o composto

maioritario. A espécie C. multiflorus é rica nos acidos ferulico e elagico, particularmente as
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folhas, flores e frutos. O extrato dos caules de E. arborea possui grande concentracao de
acido ferllico, enquanto o extrato das flores da mesma espécie é rico em acido elagico. As
flores de C. monogyna sao ricas em acido ferilico (116.8mg/g matéria seca, 75.7% de

percentagem de ocorréncia, relativamente aos fenois quantificados neste extrato).

As espécies exdticas invasoras causam problemas sécio-ecolégicos, como mudancas na
composicdo e funcdo dos ecossistemas, podendo levar a perda da biodiversidade
caracteristica dos habitats naturais. A espécie A. altissima é um exemplo de uma planta
exotica e invasora em diversos paises, incluindo Portugal [176]. Esta espécie é nativa da China
e foi introduzida na Europa no século XVIII. Estudos fitoquimicos prévios, de outros autores,
demonstraram a presenca de quassinoides e de alcaloides inddlicos nesta planta. Os lipidos,
acidos gordos, derivados fendlicos e os compostos volateis das folhas de A. altissima também
foram caracterizados, mostrando propriedades medicinais [153], [160]. Deste modo, decidiu
fazer-se um estudo exaustivo sobre os extratos etanodlicos, metandlicos, em acetona e
hidroalcodlicos das partes aéreas desta espécie, caracterizando-se diferentes classes de
metabolitos secundarios e também a sua atividade antioxidante, por forma a aprofundar o

estudo desta planta.

Verificou-se que os extratos das folhas possuem grandes concentracoes de fenois totais (> 130
mg GAE/g matéria seca). Os extratos hidroalcodlicos sdao os que possuem mais fendis totais,
indicando que, neste caso, a mistura agua/etanol foi o melhor solvente para a extracao
destes compostos. Contudo, como o reagente de Folin-Ciocalteu também pode reagir com
outras substancias redutoras de origem nao-fendlica, como por exemplo os aclcares
redutores, que sao facilmente extraidos com agua, a quantificacdo dos fenodis totais nos
extratos hidroalcoodlicos pode estar sobrevalorizada. Verificou-se também que o extrato em
acetona das folhas de A. altissima é o que tem mais fendis e pelo contrario o extrato
metanodlico dos talos da mesma espécie € o mais pobre nestes compostos. Todos os extratos
de A. altissima apresentaram grandes concentracoes de alcaloides, particularmente o extrato

em acetona dos talos, o que esta de acordo com outros estudos sobre esta planta [153].

Os extratos hidroalcoodlicos exibiram melhores propriedades antioxidantes, pelo método do
DPPH, o que indica que esta mistura de solventes, € a melhor, para a extracao de substancias
com atividade antioxidante, nomeadamente compostos fenolicos, o que pode confirmar que
este extrato tem mesmo uma elevada concentracdao em fendis totais, nao estando por isso
sobrevalorizada pelo método do reagente de Folin-Ciocalteu. Rahman et al, 2009 [159], no
seu estudo sobre esta espécie, também concluiu que os extratos das folhas de A. altissima
possuem elevadas concentracées de fenois totais e exibem propriedades antioxidantes
acentuadas [159]. Os extratos de A. altissima podem ser uma alternativa aos antioxidantes
sintéticos utilizados na industria como conservantes no processamento alimentar, uma vez
que possuem elevadas percentagens de inibicao da oxidacdo das moléculas de acido linoleico,

0 que sugere a capacidade de inibicao da peroxidacao lipidica.
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Verificou-se novamente, uma correlacao linear positiva entre a atividade antioxidante e os
compostos fendlicos presentes nos extratos (R*=0.9593), ao contrario do que se verificou com
os flavonoides (R?=0.2901). Através da analise por RP-HPLC dos extratos desta espécie,
concluiu-se que na composicao em fendis das diferentes partes aéreas de A. altissima, o

acido ferdlico é o mais abundante, com 25.29% de percentagem de ocorréncia.

0 aumento dos microrganismos resistentes aos antibioticos, que se tem verificado nos ultimos
anos, levou ao acréscimo no interesse pela descoberta de novas substancias com atividade
anti-microbiana [68]. No geral, observa-se o aumento da resisténcia das bactérias e fungos
patogénicos aos antibioticos conhecidos [177]. Além disso, as bactérias que aderem a
dispositivos médicos ou a tecidos danificados sdao uma das causas de infecoes persistentes.
Estas bactérias envolvem-se numa matriz hidratada de polissacaridos e proteinas, formando
uma camada viscosa, conhecida como biofilme [66]. Este mecanismo aumenta a resisténcia
aos antibioticos e microbicidas e dificulta a erradicacdo dos microrganismos. Para ultrapassar
as desvantagens dos atuais farmacos anti-microbianos, tem-se procurado encontrar novas

substancias com propriedades anti-microbianas e novos modos de acao [177].

As plantas constituem uma fonte alternativa de compostos que podem ter tais propriedades,
e tém vindo a ser exploradas nesse sentido, nomeadamente no estudo da atividade anti-
microbiana dos metabolitos secundarios [178], [179]. Assim sendo, outro dos objetivos deste

trabalho foi estudar a atividade anti-microbiana dos extratos das espécies vegetais.

Da analise dos resultados da atividade anti-microbiana, obtidos pelo método da difusdo em
disco, verificou-se que os extratos metanolicos da espécie H. sericea, foram os que
apresentaram melhor atividade. Esta espécie também ¢é exoética e invasora, de origem
Australiana, e foi introduzida em Portugal por razées ornamentais [124]. Avaliou-se a
atividade dos extratos metanolicos desta espécie contra diversos microrganismos, incluindo
bactérias Gram-positivas, bactérias Gram-negativas e leveduras; além disso a sua atividade

anti-biofilme e as propriedades citotoxicas dos extratos foram também estudadas.

Com os resultados obtidos para a difusao em disco, verificou-se que as espécies de Candida e
de bactérias Gram-negativas nao eram inibidas pelos extratos de H. sericea. No geral as
bactérias Gram-positivas foram mais suscetiveis a acao dos extratos analisados. Também
foram determinados os valores de MIC pelo método da diluicdo em agar e concluiu-se que as
bactérias Gram-positivas tém menores valores de MIC que as Gram-negativas, indicando maior
suscetibilidade destas bactérias a acdo dos extratos de H. sericea. Esta diferenca de
suscetibilidade entre bactérias estd relacionada com a membrana externa das bactérias
Gram-negativas que torna a superficie bacteriana muito hidrofilica, atuando como barreira de
permeabilidade [180]. As diferencas morfolégicas entre bactérias Gram-positivas e Gram-
negativas podem justificar as diferencas na sensibilidade aos anti-microbianos, porque as
bactérias Gram-negativas possuem a membrana externa constituida por fosfolipidos e por
componentes estruturais de lipopolissacaridos, o que nao se verifica nas bactérias Gram-

positivas. Isto torna a parede celular impermeavel a solutos lipofilicos, enquanto as porinas
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constituem uma barreira a solutos hidrofilicos com um limite de exclusdao de cerca de 600Da
[181]. Outra explicacdo para que as bactérias Gram-positivas sejam mais suscetiveis aos anti-
microbianos pode ser porque o composto em estudo atue pela inibicdo da sintese do

peptidoglicano [181].

Os valores de MIC dos extratos de H. sericea para as bactérias Gram-positivas variaram entre
0.04 e 0.625mg/mL. O extrato dos frutos foi o que apresentou valores de MIC menores para
varias espécies de microrganismos, nomeadamente, S. aureus, B. cereus, L. monocytogenes e
para os isolados clinicos MRSA 10/08 e MRSA 12/08, o que indica um elevado potencial anti-

microbiano.

Como os extratos de H. sericea apresentaram baixos valores de MIC para todas as estirpes de
S. aureus, decidiu avaliar-se a atividade destes extratos na formacao de biofilmes dessas
estirpes, uma vez que estes microrganismos tém a capacidade de formar biofilmes em
dispositivos médicos e em tecidos danificados, tornando-os dificeis de erradicar [182].
Verificou-se que os extratos de H. sericea inibiram a formacao de biofilmes de todas as
estirpes de S. aureus. No geral, a inibicdo da formacao de biofilmes de S. aureus deveu-se a
inibicao do crescimento das bactérias ou a morte das mesmas. No entanto para concentracoes
sub-MIC a formacao de biofilmes também foi inibida. O extrato dos frutos (2.5mg/mL)

erradica por completo os biofilmes da estirpe MRSA 12/08.

Como os extratos de H. sericea apresentaram propriedades antioxidantes, anti-microbianas e
anti-biofilme, e considerando a sua futura aplicacdo para fins médicos e/ou industriais,
fizeram-se estudos de citotoxicidade. Para avaliar a citotoxicidade destes extratos comecou
por se fazer o teste de hemdlise, uma vez que a membrana dos eritrocitos € um bom
indicador do efeito que os compostos podem ter na sua estrutura fisica [183]. Verificou-se
que apenas ocorre hemolise, para concentracdes de extrato muito superiores as bioativas, o
que indica que os extratos apresentam baixa citotoxicidade. As propriedades citotoxicas dos
extratos foram ainda avaliadas pelo ensaio do MTT. O MTT é um composto amarelo solivel em
agua, que quando reduzido pelas desidrogenases mitocondriais das células viaveis, é
convertido em cristais parpura insoliveis [184]. Os resultados mais interessantes e
promissores foram obtidos para o extrato dos frutos de H. sericea, que nao apresentou
toxicidade para as células NHDF, uma vez que nao alterava a sua viabilidade, mas reduzia a
viabilidade da linha de células cancerigenas MCF-7 em cerca de 60%, o que sugere a atividade

anticancerigena deste extrato, pois apresenta toxicidade seletiva.

Perante a obtencao de diversas atividades biologicas e baixa citotoxicidade, para a espécie H.
sericea, e de um modo particular a bioatividade do extrato dos frutos desta espécie, decidiu
fazer-se o fracionamento bioguiado deste extrato, por cromatografia em coluna, usando
silica-gel como fase estacionaria, e um gradiente de solventes com polaridade crescente, de
modo a obter fragcdes o mais puras possivel, de forma a conseguir a identificacao estrutural
do(s) composto(s) bioativo(s). A eluicao da cromatografia foi sucessivamente acompanhada

por TLC; os cromatogramas foram revelados através do reagente de Folin-Ciocalteu
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(pesquisando compostos fenolicos), de uma solucdo de cloreto de aluminio (para flavonoides)
e de uma solucdo de DPPH (compostos antioxidantes). Além disso, usou-se a técnica da
bioautografia direta para avaliar a atividade anti-microbiana das fracdes, diretamente a
partir dos TLC. Nesta técnica, os TLC sao imersos numa suspensao celular bacteriana, e apos
incubacao, as zonas de inibicdo do crescimento sao visualizadas utilizando um corante vital
(MTT) [185]. Observando os cromatogramas, foi possivel verificar que algumas fragdes tinham

propriedades anti-microbianas contra estirpes de S. aureus.

Posteriormente, os valores de MIC das fracdes foram determinados usando o método da
resazurina, que é um corante azul, que permite a detecdo de crescimento microbiano mesmo
em pequenos volumes de amostra [186]. Verificou-se que os valores de MIC de algumas
fracoes sao menores que os do extrato bruto. As fracdes 4, 6 e 9, por serem as que se
apresentavam mais puras e com menores valores de MIC, nomeadamente para as estirpes de
S. aureus, foram analisadas por NMR, FTIR e HRMS, por forma a elucidar a estrutura quimica
do composto responsavel pelas atividades biologicas. Apds o fracionamento bioguiado do
extrato bruto, concluiu-se que apenas um composto maioritario estava presente naquelas

fracoes.

O espetro de infravermelho apresentou ampla absorcdo a 3550-3200 e 1710cm™, indicando a
presenca de grupos hidroxilo e carbonilo, respetivamente. A espetrometria de massa do
composto revelou o iao molecular com a razao m/z de 278.151, correspondendo a formula
molecular: CqH»;,04. Depois de conjugada a informacao anterior com toda a informacao
proveniente das diversas experiéncias de NMR efetuadas (1D e 2D), concluiu-se que o
composto bioativo maioritario que esta presente no extrato dos frutos da espécie H. sericea,
€ um derivado da familia dos resorcinodis, nunca previamente descrito, designado por acido 9-
(3,5-dihidroxi-4-metilfenil)nona-3-(Z)-endico. O estudo de Barr et al, 1988 [125], com
espécies da familia Hakea, levou ao isolamento e identificacdo de outros resorcindis com
capacidade de clivagem de moléculas de DNA. Algumas propriedades bioldgicas de resorcinois
isolados de plantas ja descritas incluem: propriedades citotoxicas, anticancerigenas, anti-

proliferativas, anti-leishmaniose e antioxidantes [187]-[192].

Na fase seguinte deste trabalho, demonstrou-se a atividade anti-microbiana do novo
resorcinol contra varias espécies de microrganismos, utilizando o método da resazurina.
Verificou-se que o composto atua mais eficazmente em bactérias Gram-positivas, com valores
de MIC de 0.31, 0.16 e 0.02mg/mL para as bactérias E. faecalis, L. monocytogenes e B.
cereus, respetivamente. Para as estirpes de S. aureus, incluindo os isolados clinicos

resistentes, obtiveram-se bons valores de MIC (0.005-0.16mg/mL).

Na sequéncia do trabalho que tinha sido desenvolvido com os extratos vegetais e como estudo
complementar, estudos preliminares sobre a atividade anti-microbiana dos compostos puros,
que foram identificados por RP-HPLC nos extratos das plantas, mostraram a grande atividade
dos acidos galico, cafeico e clorogénico em estirpes de S. aureus. Neste sentido, decidiu

explorar-se esta atividade, avaliando a acdo destes trés acidos fenodlicos em células
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planctdnicas e em biofilmes de S. aureus. Verificou-se que o acido galico é aquele que tem
maior atividade, apresentando o menor valor de MIC (4x10°mg/mL) para todas as estirpes de
S. aureus. Os fitoquimicos sao classificados com anti-microbianos quando os valores de MIC se
encontram entre 0.1 e 1mg/mL [193]. Logo, os acidos fenolicos estudados, podem
efetivamente ser classificados como anti-microbianos, uma vez que os seus valores de MIC se
encontram entre 4-500x10 mg/mL para as estirpes de S. aureus estudadas. Para se perceber
de que forma estes compostos fenodlicos exercem o seu efeito nas células de S. aureus,
estudou-se o seu mecanismo de acao usando o teste da prolina e através de citometria de
fluxo. O teste da prolina baseia-se no facto dos fenois poderem comportar-se como analogos
da prolina, inibindo a sua oxidacao, via desidrogenase da prolina [194]. Se a desidrogenase da
prolina for inibida pelos fenodis, o metabolismo energético das células bacterianas ficara
comprometido. Portanto, a adicao de prolina superara os efeitos da inibicdo da enzima pelos
fendis [194]. Através da aplicacdo deste método, verificou-se que o acido galico atuava na

inibicao da desidrogenase da prolina, uma vez que a presenca de prolina no meio de cultura

.....

A citometria de fluxo foi utilizada no sentido de se elucidar o mecanismo de acao dos
compostos. Avaliou-se a integridade da membrana, o potencial de membrana, o efluxo e a
atividade metabdlica das células. A estirpe S. aureus ATCC 25923 foi tratada com acido
cafeico e a estirpe MRSA 10/08 tratada com acido galico. Esta escolha de combinacdes de
estirpe e composto foi baseada nos resultados obtidos nos ensaios de curvas de morte, nos
quais se concluiu que existia um efeito bacteriostatico em ambos os casos. Foram escolhidos
quatro fluorocromos (PI, BOX, EB e CTC) para se efetuar a marcacao das células bacterianas.
O PI foi usado para avaliar a integridade da membrana, uma vez que se esta estiver
comprometida, o Pl entra nas células, onde se liga aos acidos nucleicos [195]. O fluorocromo
BOX utilizou-se para avaliar o potencial de membrana, uma vez que as células despolarizadas
acumulam BOX no seu interior [195]. O efluxo foi estudado usando o EB e a atividade
metabdlica usando o CTC. Nas células bacterianas viaveis o CTC é reduzido, resultando na

producao de cristais insolUveis fluorescentes de CTC-formazano [195].

No caso da estirpe S. aureus ATCC 25923, o acido cafeico aumentou a permeabilidade da
membrana, despolarizou a membrana e reduziu a atividade metabélica. Apds o tratamento
com 2xMIC do acido cafeico, a percentagem de células Pl-positivas foi de 11.63%, valor
superior ao tratamento com OxMIC (2.98%) e com 1xMIC (2.86%), o que indica que o acido
cafeico causa danos na integridade da membrana das células da estirpe S. aureus ATCC
25923. Além disso, a percentagem de células despolarizadas (BOX-positivas) foi superior na
presenca do acido cafeico, o que sugere que o composto causa a despolarizacdo da
membrana. Apo6s incubacdo com acido cafeico, a percentagem de células capazes de
reduzirem o CTC diminuiu drasticamente. Com 2xMIC, a atividade metabolica foi cerca de
metade do valor obtido para O0xMIC, indicando que a viabilidade das células esta

significativamente comprometida. Relativamente ao efluxo, este encontra-se diminuido na
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presenca do acido cafeico. Globalmente, analisando a correlacao entre a perda do potencial
de membrana, o aumento da permeabilidade da membrana e a diminuicao da atividade
metabolica, concluiu-se que o acido cafeico inibiu o crescimento da estirpe de S. aureus ATCC

25923 pela disrupcao da membrana, comprometendo deste modo as suas funcoes.

Quanto a estirpe MRSA 10/08, o acido galico parece nao causar danos na membrana das
bactérias, uma vez que as células Pl- e BOX-positivas ndo aumentaram apos o tratamento com
este composto. Contudo, a atividade metabdlica e o efluxo sdo afetados apos o tratamento
com 1xMIC e 2xMIC do composto. Como o tratamento com acido galico, diminuiu a viabilidade
das células da estirpe MRSA 10/08 acima dos 95%, concluiu-se que a perda da viabilidade nao
se deve aos danos da membrana, mas provavelmente a outros alvos em que o acido galico

atua nas células, como por exemplo na inibicdo da sintese de acidos nucleicos e/ou proteinas.

Como os resultados obtidos para células planctonicas mostraram uma atividade de inibicao do
crescimento das varias estirpes de S. aureus e como estes microrganismos sao conhecidos
formadores de biofilmes, decidiu estudar-se a sua atividade na inibicao da formacao de
biofilmes e nos biofilmes pré-formados das estirpes em estudo. Para tal quantificou-se a
biomassa total do biofilme pelo método do violeta de cristal e avaliou-se a atividade
metabolica dos biofilmes através do método do XTT. Verificou-se que o acido galico (4mg/mL)
reduz a formacao de biofilmes em 40%, e os acidos cafeico e clorogénico em cerca de 80%.
Estes acidos foram os mais eficazes na reducdo da biomassa dos biofilmes pré-formados.
Verificou-se ainda que os compostos afetaram a atividade metabdlica das células do biofilme,
em todas as estirpes de S. aureus, no entanto a estirpe ATCC foi mais suscetivel do que as
estirpes de MRSA. A morfologia dos biofilmes foi visualizada através de Microscopia Eletronica
de Varrimento (SEM). Observou-se, que para a estirpe de S. aureus ATCC 25923, a estrutura
tridimensional do biofilme era destruida na presenca dos compostos fenodlicos (4mg/mL); o
biofilme formado era escasso e composto por apenas uma camada de células. Além disso, na
presenca dos compostos fenolicos, observaram-se danos nas paredes das bactérias, o que, por

vezes, levou a perda do arranjo caracteristico dos estafilococos.

O processo de formacdo de biofilmes tem inicio na adesdo das bactérias as superficies. A
adesdo é um processo complexo e que é afetado por diversos fatores, nomeadamente pelas
caracteristicas fisico-quimicas das bactérias, pelas propriedades da superficie do material e
pelos fatores ambientais envolventes [193], [196]. Para completar o estudo do efeito dos trés
acidos fenolicos nos biofilmes de S. aureus, determinou-se a Energia de Adesao das bactérias
ao polistireno, apds cultura na presenca dos compostos. A Energia de Adesao foi determinada
através da abordagem termodinamica de Lifshitz-van der Waals/Interacées acido-base,
medindo os angulos de contacto. Concluiu-se que todas as estirpes de S. aureus tém

capacidade termodindmica tedrica para aderirem ao polistireno (AG ™

Adesio<0) € assim
formarem biofilmes. Quando expostas aos compostos fendlicos, a energia de adesao para
todas as estirpes diminuiu, exceto no caso do tratamento com acido galico da estirpe MRSA

12/08 em que esta energia aumentou, o que indica que o acido galico diminuiu a capacidade
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das bactérias MRSA 12/08 aderirem ao polistireno. O ataque nucleofilico dos fendis na parede
das bactérias resulta em diferentes efeitos na capacidade das bactérias aderirem ao

polistireno, tal como descrito previamente por Borges et al, 2012 [193].

Como se demostraram as propriedades inibitorias dos trés acidos fenolicos quer em células
plancténicas, quer em biofilmes de S. aureus, e como a a-hemolisina € um dos principais
fatores de viruléncia produzidos por estas bactérias, decidiu determinar-se a inibicdo da
producdo das mesmas pelos compostos. As a-hemolisinas tém atividade hemolitica em
eritrocitos, particularmente em eritrocitos de coelho, por isso utilizou-se o teste da hemolise
para verificar o efeito dos compostos na atividade hemolitica dos sobrenadantes de culturas
bacterianas. Verificou-se que o tratamento com concentracdes sub-inibitorias dos compostos,
diminuia a atividade hemolitica, o que indica que a producao de a-hemolisinas era inibida

pelos compostos, a excecao do acido clorogénico.

Tendo-se demonstrado as propriedades bioativas dos acidos galico, cafeico e clorogénico,
descritas anteriormente, e prevendo a sua potencial utilizacdo para fins médicos, na
prevencao, controlo e erradicacao de biofilmes de S. aureus, estes compostos nao devem ser
toxicos. Deste modo procedeu-se ao teste da hemolise, tal como se fez nos extratos da
espécie H. sericea. Verificou-se que para as concentracdes bioativas dos compostos, nao ha

hemdlise, o que sugere a baixa toxicidade dos trés acidos fendlicos.

No geral, este trabalho contribuiu para o melhor conhecimento das propriedades biologicas de
algumas espécies vegetais existentes na regido da Serra da Estrela, algumas das quais
infestantes, nomeadamente a espécie A. altissima que apresentou elevada atividade
antioxidante e a espécie H. sericea que mostrou potencial atividade anti-microbiana. Foi
ainda possivel isolar e identificar o acido 9-(3,5-dihidroxi-4-metilfenil)nona-3-(Z)-enodico do
extrato metanodlico dos frutos de H. sericea, composto que foi pela primeira vez descrito
neste trabalho e cujas propriedades anti-microbianas foram também demonstradas. Este
estudo indicia que algumas plantas da flora da Serra da Estrela sejam uma importante fonte
de compostos bioativos que poderao ser utilizados como alternativas aos antioxidantes
sintéticos, que se utilizam na indlstria alimentar, e aos anti-microbianos convencionais, e
pode ser a base de futuras investigacdes no sentido de valorizar economicamente esta
biomassa florestal, tendo em conta as aplicacdes descritas. A realizacao deste trabalho
permitiu ainda demonstrar a atividade anti-microbiana dos acidos galico, cafeico e
clorogénico, em células planctonicas e em biofilmes de S. aureus, o que evidenciou as
elevadas potencialidades da utilizacao destes compostos, por exemplo na formulacao de
desinfetantes ou outros produtos que ajudem a prevenir, controlar ou erradicar os biofilmes

de S. aureus.
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— As espécies vegetais (E. ibericum, P. tridentatum, J. communis, R. aculeatus, R.
ulmifolius, H. sericea, C. multiflorus, C. monogyna, E. arborea, I. acuminata e A.
altissima) foram caracterizadas no que respeita a algumas classes de metabolitos
secundarios, nomeadamente fendis, flavonoides, taninos e alcaloides. Geralmente, os
extratos dos caules e das folhas possuem maiores quantidades de fenois; no caso dos
flavonoides, os extratos das flores e dos frutos sao os mais ricos nestes compostos. A
espécie C. multiflorus foi a que apresentou maior quantidade de alcaloides,

particularmente o extrato dos caules;

— A atividade antioxidante de todas as plantas foi avaliada pelo método do DPPH e pelo
sistema B-caroteno/acido linoleico. A espécie H. sericea apresentou grande
concentracao em fenois e simultaneamente atividade antioxidante muito forte. Todos
os extratos estudados apresentaram capacidade de inibicdo da oxidacdo do acido
linoleico. Como se verificou uma correlacéo linear positiva (R*=0.8442) entre os fendis
totais e a atividade antioxidante de todos os extratos, concluiu-se que estes

compostos sao os principais responsaveis por esta atividade;

— A espécie A. altissima é uma potencial fonte de compostos bioativos com atividade
antioxidante, nomeadamente compostos fenolicos e flavonoides. Esta espécie
também é rica em alcaloides. Os extratos das folhas de A. altissima possuem maiores
concentracbes de fendis do que as outras partes aéreas desta planta. A mistura
agua/etanol foi, neste caso, o solvente mais indicado para a extracao de substancias
com atividade antioxidante. Verificou-se uma correlacao linear positiva entre a
atividade antioxidante e o conteido em fendis totais nos extratos de A. altissima. A
analise por RP-HPLC mostrou que acido ferdlico é o acido hidroxicinamico dominante
nesta planta, com uma percentagem de ocorréncia de 25.59%, relativamente aos

restantes fenois identificados;

— A espécie H. sericea constitui uma potencial fonte de compostos bioativos com
atividade anti-microbiana, nomeadamente contra estirpes de S. aureus, incluindo
isolados clinicos de MRSA. Demonstrou-se a atividade inibitoria dos extratos de H.
sericea, na formacao de biofilmes de S. aureus. No geral, os extratos de H. sericea,
nas concentracdes bioativas (0.5 a 5 mg/mL), ndo apresentaram propriedades tdxicas
em eritrocitos humanos. Os extratos dos frutos e das folhas apresentaram toxicidade
seletiva, reduzindo a viabilidade das células cancerigenas MCF-7, indicando potenciais

propriedades anti-cancerigenas;

— Foi isolado e caracterizado um novo derivado alquenilresorcinol (acido 9-(3,5-
dihidroxi-4-metilfenil)nona-3(Z)-endico), a partir do extrato metandlico dos frutos da
espécie H. sericea. A atividade anti-microbiana deste composto foi demonstrada em

bactérias Gram-positivas, nomeadamente estirpes de S. aureus e MRSA. A
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bioatividade do extrato dos frutos de H. sericea, particularmente as suas
propriedades anti-microbianas e citotoxicas sdao provavelmente devidas a presenca

deste composto, pela primeira vez descrito;

Foram identificados os compostos fenolicos maioritarios presentes nos extratos por
RP-HPLC. Demonstrou-se a bioatividade benéfica de trés desses compostos (acidos
galico, cafeico e clorogénico) em células planctonicas e em biofilmes de estirpes de
S. aureus. Além disso, 0 mecanismo de acao destes compostos fendlicos nas células de
S. aureus foi elucidado, permitindo a sua possivel aplicacdo como anti-microbianos.
Os resultados descritos para estes compostos representam a base para a sua potencial

utilizacao em aplicacdes alimentares e/ou terapéuticas;

Face ao exposto anteriormente, este trabalho, contribuiu para o melhor
conhecimento das propriedades biologicas de diferentes espécies vegetais que
ocorrem na Serra da Estrela, valorizando algumas para as quais ndo € conhecida
nenhuma aplicacdo na medicina tradicional, nomeadamente E. ibericum e H. sericea.
Por outro lado, permitiu isolar um novo alquenilresorcinol de uma espécie invasora,
permitindo deste modo valorizar a biomassa florestal e contribuir para o
desenvolvimento de um novo farmaco com base nas propriedades bioldgicas
estudadas. Provou-se também a bioatividade de alguns compostos fenolicos naturais

(acidos galico, cafeico e clorogénico).
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Como perspetivas futuras e no seguimento dos estudos ja realizados, o trabalho a desenvolver

podera incluir os seguintes aspetos:

— Aplicar a outras espécies vegetais, para as quais os resultados da atividade
antioxidante e anti-microbiana foram mais promissores, nomeadamente, as espécies
J. communis, C. monogyna, C. multiflorus ou A. altissima, o mesmo tipo de
abordagem que se empregou para a espécie H. sericea; aprofundando, deste modo, o
estudo sobre as suas propriedades anti-microbianas e citotoxicas, o que
posteriormente se podera traduzir no isolamento e identificacdo de compostos

bioativos nesses extratos;

— Estudar o mecanismo de acao do alquenilresorcinol, isolado e identificado neste
trabalho, em bactérias Gram-positivas, por citometria de fluxo; identificando o alvo

nas células bacterianas em que o composto atua;

— Aprofundar o estudo sobre as propriedades anti-tumorais do novo alquenilresorcinol

(acido 9-(3,5-dihidroxi-4-metilfenil)nona-3(Z)-endico);

— Estudar a possibilidade de existirem sinergismos entre as combinacdes possiveis dos
acidos fenolicos estudados (acidos galico, cafeico e clorogénico), quer em células

planctonicas, quer em biofilmes;

— Avaliar o efeito dos acidos galico, cafeico e clorogénico na capacidade de adesao de

S. aureus a outras superficies, nomeadamente, aco inoxidavel, aluminio e cateteres.
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Colheita, identificacdo e catalogacao das espécies
vegetais

Os troncos, caules e folhas das plantas utilizadas neste trabalho foram colhidos na época
imediatamente antes da floracao, por ser nesta altura que a planta se encontra em plena
atividade, portanto quando se comecam a desenvolver os 6rgados reprodutores e os sucos
nutritivos e a producdo de metabolitos secundarios € mais acentuada. As flores foram colhidas
no auge da floracao e os frutos no seu estado completo de maturacao. A colheita foi feita de
modo a obter a quantidade necessaria de cada uma das estruturas vegetais, apés moagem. As
amostras foram mantidas em sacos de papel, evitando assim o contacto com o plastico que
poderia contaminar os espécimes com quantidades residuais de ftalatos, o que influenciaria
as determinacdes analiticas posteriores. Apds colheita, as plantas foram secas numa estufa

ventilada a 35°C e processadas de acordo com o descrito anteriormente nos artigos.

Para a identificacdo das espécies e sua posterior catalogacdao em Herbario, as plantas foram
colhidas de modo a recolher todas as suas partes aéreas em simultaneo, nomeadamente
caules, folhas, flores e/ou frutos, sempre que possivel. A data e as coordenadas GPS do local
da colheita foram devidamente registadas. De seguida as amostras foram analisadas pelas
Botanicas do Instituto Superior de Agronomia (Jardim Botanico d’Ajuda, Lisboa) e as espécies
foram identificadas, classificadas de acordo com a nomenclatura cientifica binomial e
preparadas para que vouchers dos espécimes vegetais ficassem conservados e catalogados em

Herbario.

A conservacao das plantas no Herbario Jodo de Carvalho e Vasconcellos obedeceu a um prévio
processo de secagem, no qual se utilizaram folhas de papel absorvente, no meio das quais se
colocou a planta ou parte dela (quando a mesma era grande ou de consisténcia lenhosa),
sendo o conjunto assim obtido prensado; o papel foi mudado de 24 em 24h, até se apresentar
completamente seco. Depois fez-se a montagem da planta, ja seca, numa prancha de
Herbario (cartolina branca, de tamanho A3); para se prender a planta usou-se tela gomada.
As plantas foram depois congeladas durante trés dias, para garantir que nenhum inseto as
acompanhava e s6 depois disso organizadas, na devida ordem, nos armarios metalicos da sala
do Herbario, onde a temperatura e a humidade sdo controladas. As plantas que deram
entrada no Herbario foi-lhes atribuido um nimero que foi registado no caderno préprio. De
seguida, no arquivo geral, na ficha respeitante a espécie (ou tdxon inferior) foi registado o
numero da planta, o Concelho e local onde foram colhidas, a data e o nome do coletor. Este
registo foi efetuado, igualmente, numa base de dados que utiliza o programa Herbar, comum
a grande parte dos Herbarios. A partir destes registos é facil de se saber qual o material

existente e qual a sua proveniéncia.

A lista completa das plantas utilizadas, os seus nomes cientifico e comum, os nimeros dos

vouchers e as suas origens encontram-se registadas na Tabela 1.
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Tabela 1: Listagem das plantas utilizadas neste trabalho.

Numero de Voucher Nome cientifico Nome comum Origem
Echinospartum ibericum Rivas Autoctone
LISI 8/2011 , Caldoneira
Mart., Sanchez-Mata & Sancho (Endemismo Ibérico - Habitat 4090) *

Pterospartum tridentatum (L.)
LISI 9/2011 Willk subsp. cantabricum Carqueja Autoctone
(Spach) Talavera & P. E. Gibbs

Autoctone

Juniperus communis L. subsp. )

LISI 10/2011 . Zimbro (Exclusivo do Setor Estrelense -
alpina (Suter) Celak.

Habitat 4060) *

Autéctone
LISI 11/2011 Ruscus aculeatus L. Gilbardeira
(Anexo V da Diretiva Habitats) *
LISI 12/2011 Rubus ulmifolius Schott Silvas Autoctone
. ] Australia e Tasmania (Nao indigena,
LISI 13/2011 Hakea sericea Schrader Carapeteiro .
exotica e invasora) #
Cytisus multiflorus (L’Hér) Autéctone
LISI 14/2011 Giesta-Branca
Sweet (Endemismo Ibérico)
LISI 15/2011 Crataegus monogyna Jacq. Pilriteiro Autoctone
LISI 16/2011 Erica arborea L. Urze-Branca Autéctone
Ipomoea acuminata (Vahl) Regiao Tropical
LISI 18/2011 Bons-Dias
Roemer & Schultes (Nao indigena, exotica e invasora) #
Ailanthus altissima (Miller) , ] China
LISI 19/2011 ] Arvore-do-Céu
Swingle (N&o indigena, exdtica e invasora) #

As plantas assinaladas com * sdo caracteristicas de habitats da Diretiva Habitats e portanto
sdo espécies a salvaguardar em areas classificadas e com restricées a sua colheita, no entanto
na Resolucdo do Concelho de Ministros N.° 83/2009 de 9 de setembro, na Alinea b) do Artigo
7° existe uma excecdo a realizacao de acdes de ambito cientifico, o que, conjugado com a
Alinea |) do N.° 2 do Artigo 8°, é um ato sujeito a autorizacao do Instituto da Conservacao da
Natureza e da Biodiversidade (atual Instituto da Conservacao da Natureza e das Florestas), ao
abrigo do Plano de Ordenamento do Parque Natural da Serra da Estrela. A autorizacao para a
colheita das espécies autoctones inscritas na Diretiva Habitats foi devidamente concedida e

encontra-se em Anexo.

A detencao de materiais recolhidos das espécies assinaladas com # (espécies identificadas
como exoticas e invasoras) esta sujeita a uma licenca de detencdo, assim como o seu
transporte esta condicionado ao abrigo do Decreto-Lei N.° 565/99 de 21 de dezembro, no
estabelecido no Ponto 2 do Artigo 8°, como forma de prevenir a possibilidade de introducao
ou repovoamento através de evadidos. A licenca de detencao e a autorizacdo para transporte

destas espécies foram legalmente atribuidas e encontram-se em Anexo.
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Anexo 1

ICN B

Instituto da Conservagio da Natureza e da Biodiversidade, 1.2

UNIDADE DE APLICACAO DE CONVENCOES INTERNACIONAIS

Rua de Santa Marta, 55 T. +351.213 507 900 Ministério do Ambiente e
| I69’;c2)2t0 L:boa . +351.213 507 984 do Ordenamento do Territério
u
g icnb@icnb.pt
www.icnb.pt
DATA S. COMUNICAGAO  DATA Exmo. Sr.
23-05-2011

Angelo Filipe Santos Luis
Q,G,NB SAiDAS Rua do Pio, N.° I5, 2° Dt.° Gibaltar
S. REFERENCIA : 6200-693 Teixoso

27 MAID 2011

N. REFERENCIA

PROC . Oficio - 9223/ 2011 / UACI

REFERENCIA INTERNA

ASSUNTO Autorizacdes para recolha de amostras e declaragio de detengdo de
espécimes de espécies nio indigenas

Junto se envia a declaragéo de detengéo solicitada por V. Exa.

Relativamente a autorizagdo para recolha de amostras das espécies autéctones e ndo indigenas
no Parque Natural da Serra da Estrela, levando em consideragéo o estipulado na alinea |) do n.° 2
do artigo 8° e a alinea a) do n.° 2 do artigo 36° do Regulamento do Plano de Ordenamento do
Parque Natural da Serra da Estrela (Resolugdo do Conselho de Ministros n.°83/2009 de 9 de
Setembro), emite-se parecer positivo a colheita de amostras de material vegetal por parte do Dr.
Angelo Filipe Santos Luis no dmbito de trabalhos de investigacdo que esta a desenvolver. Esta
colheita devera ser realizada de forma a ndo comprometer a sobrevivéncias das plantas e apenas
na estrita necessidade de material biolégico para o fim pretendido.

Com os melhores cumprimentos,

O Director do Departamento de Conservagéo e Gestao de Biodiversidade
(por de peténcias — Desp. n°® 9/PRES/2011, de 21 de Fevereiro)

(M4rierSilva)
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Anexo 2

ICN B

Instituto da Conservagio da Narureza ¢ da Biodiversidade, 112

UNIDADE DE APLICAGAO DE CONVENGOES INTERNACIONAIS

Rua de Santa Marta, 55 T. +351.213 507 900 Ministério do Ambiente

D ors i F. +351.213 507 984 e do Ondnamrto o
ortugal
& icnb@icnb.pt erritério
www.icnb.pt

DECLARAGAO PROVISORIA N.% 11PT 0001/EX/S

Angelo Filipe Santos Luis, aluno de doutoramento em Bioquimica na Universidade da Beira Interior,
esta autorizado, sem prejuizo do cumprimento de outra legislagdo em vigor € no &mbito da sua tese
de Doutoramento "Pesquisa e Identificagdo de Compostos Bioactivos em Plantas Florestais", a
deter e transportar espécimes de espécies ndo indigenas, ao abrigo do estipulado no n° 1, do artigo
9.° do Decreto-Lei n.° 565/99, de 21 de Dezembro, de acordo com a excepgéo prevista no n° 4, do
artigo 8° do referido Dec.-Lei.

Conforme referido no n® 1 do artigo 10°, deste diploma legal, a detencédo e transporte tém de
possuir as condi¢cdes de seguranga adequadas as espécies: Hakea sericea, Ailanthus altissima e
Ipomoea indica.

Lisboa, 11, de Maio de 2011

O Coordenador da Unidade de Aplicacao de Convengdes Internacionais
(por sub- do de éncias — D n° 1/DCGB/2011, de 30 de Margo)

! >(Joéo Lourerro§ ',f: :
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